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EXTENDED WEAR OPHTHALMIC LENS
BACKGROUND OF THE INVENTION

1. FIELD OF THE INVENTION

- This invention relates broadly to lenses and polymeric materials useful in optic and
‘ophthalmic arts. More specifically, this invention relates to polymeric materials and

treatment processes useful in the manufacture of contact lenses. Still more specifically, this
invention relates to contact lenses useful as extended-wear contact lenses. "

2. DESCRIPTION OF THE RELATED ART

A wide variety of research has been conducted in the field of biocompatible polymers. The
definition of the term “biocompatible” depends on the particular applicatiori for which the -
polymer is designed. In the field of ophthaimic lenses, and in particular in the field of
contact lenses, a biocompatible lens may be generally defined as ons which will not
substantially damage the surrounding ocular tissue and ocular fluid during the time period of
contact. The phrase “ophthalmically compatible” more appropriately describes the
biocompatibility requirements of ophthaimic lenses.

One ophthalmic compatibility requirement for contact lenses is that the lens must allow
oxygen to reach the comea in an amount which is sufficient for long-term corneal health.
The contact lens must aflow oxygen from the surrounding air to reach the comnea because
the cornea does not receive oxygen from the blood supply like other tissue. If sufficient
oxygen does not reach the cornea, corneal swelling occurs. Extended periods of oxygen
deprivation causes the undesirable growth of blood vesseis in the cornea. “Soft" contact
lenses conform closely to the shape of the eye, so oxygen cannot easily circumvent the
lens. Thus, soft contact lenses must allow oxygen to diffuse through the lens to reach the
cornea.

Another ophthaimic compatibility requirement for soft contact lenses is that the lens must
not strongly adhere to the eye. Clearly, the consumer must be able to easily remove the
lens from the eye for disinfecting, cleaning, or disposal. However, the lens must also be
able to move on the eye.in order to encourége tear flow between the lens and the eye. .
Tear flow between the lens and eye aliows for debris, such as foreign particulates or dead
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epithelial cells, to be swept from beneath the lens and, ultimately, outof the tear fiuid.
Thus, a contact lens must not adhere to the eye so strongly that adequate movement ofthe
lens on the eye is inhibited. :

While there exist rigid gas permeable {"RGP") contact lenses which have high oxygen' '
permeabmty and which move on the eye, RGP lenses are typlcally quite uncomfortable for
the consumer Thus, solt contact lenses are preferred by many consumers because of
comfort. Moreover, a contact leris which may be oontlnuously worn for a period ofadayor
more (including wear during periods of sleeplng) requlres comfort levels which exclude RGP
{enses as popular extended-wear candidates. -

In order to balance the ophthalmic coimpatibility and consumer comfort 'requirements in
designing a daily wear soft contact lens, polymers and copolymers of 2-hydroxyethyl
methacrylate (HEMA} were developed These hydroplulrc polymers move well on the eyé .
and provide sufficient oxygen permeabllity for daily wear. Certain- soft contact lenses have
been approved by the FDA for extended wear periods of up'to about 6 nights of overnight
wear and seven deys of daily wear. However, the consumer cannot safely and comfortably

" wear these poly(HEMA) lenses for extended periads of seven days or more, because the
oxygen permeability is insufficient. True extended wear (l.'e..' seven days or more) of these
lenses may result, at a minimum, in corneal swelling and development of surface bicod
vessels in the cornea. -

in order to improve oxygen permeability, polymers containing silicone groups were
"developed. A varisty of siloxane-containing polymers have been disciosed as having high

oxygen permeability. For example, see U.S. Patent Nos. 3,228,741; 3,341,490; 3,996,187; —
" and 3,996,189. However, polysiloxanes are typically highly lipophilic. The properties (e.g.,
lipophilicity, glass transition temperature, mechanical properties) of known polysiloxanes
has resulted in contact lenses which adhere to the eye, inhibiting the necessary lens —
movement. In addition, polysiloxane lipophilicity promotes adhesion to the lens of lipids and
proteins in the tear fiuid, causing a haze which interferes with vision through the lens.

There have been attempis to blend the desirable hydrophilic properties of hydrophilic
polymers, formed from monomers such as HEMA, with the desirable oxygen permeability of
polymers formed from siloxane-containing monomers. For example, see U.S. Patent Nos.
3,808,178; 4,136,250; and 5,070,169. However, prior attempts at producing a true ™ .
extended wear contact lens have been unsuccessful. either because of the effect of the
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extended-wear iens on corneal health or because the lens would not move on the eye.
Thus, there remains a need for an ophthaimically compatible, transparent poalymeric
material which is suited to extended periods of continuous contact with ocular tissue and
tear fluid. -

OBJECTS AND SUMMARY OF THE INVENTION
An object of the invention is to provide a material having a balance of oxygen permeability, .

ion permeability, on-eye movement and tear exchange, ali of which are sufficient for corneal
health and wearer comfort during extended periods of continuous wear.

‘Another object of the invention is to provide an ophthalmic lens capable of extended

continuous wear periods of at least 24 hours without substantial adverse impact on ocular
health or consumer comfort, and more preferably, to provide a lens capable of continuous

- wear of 4 to 30 days or more without substantial adverse impact on ocular health or

consumer comfort.

~ A further object of the invention is.to provide an ophthélmic lens.capable of extended

continuous wear periods of at least 24 hours without substantial corneal swelling or
consumer discomfort, and more preferably, to provide a lens capable of continuous wear of
4, 7, 14 or 30 days or more without substantial corneai swelling or consumer discomfort.

Yet another object of the invention is to provide methods of forming an extended-wear
ophthatmic lens. :

Still a further object of the invention is to provide methods of testing and classifying
ophthalmic lenses as candidates for true extended-wear.

These and other objects of the invention are met by the various embodiments described
herein. '

One embodiment of the invention is an ophthalmic lens, suited to extended periods of wear
in continuous, intimate contact with ocular tissue and tear fiuid. The lens dispiays a balance
of oxygen permeability and ion permeability sufficient to maintain good corneat healith, .
adequate movement of the lens on the eye and wearer comfort during extended wear
periods. The lens is formed by polymerization, preferably copolymerization, of (a) at least ...
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one oxyperm polymerizable material which is capable of polymerizing to form.a polymer
having a high oxygen permeability; and (b} at least one ionoperm polymerizable material
which is capable of polymerizing to form a'polymer having a high ion permeability:
Preferably, the lens includes a core polymeric material and ophthalmically compatible
surfaces. In a preferred embodiment, the surface is more hydrophnllc and Ilpophobxc than .
the core polymeric material. '

Another embodiment of the invention is a method of forming an ophthaimic lens having high
oxygen permeability and high ion permeability. The method includes the step of forming a
core material, having an inner surface and an outer surface, such that at least one pathway
for ion transport and at least one pathway for oxygen transport are present from the inner to
the outer surface. In a preferred embodiment, the method includes treating the surface of
the lens to render the surface more hydrophilic than the core. -

A further embodiment of the invention is an ophthalmic lens comprising a polymeric material
which has a high oxygen permeability and a high ion or water permeability, the':polymeric
material being formed from at ieast one polymerizable material including (a) at least one
oxyperm segment and (b) at least one ionoperm segment. The lens displays a balance of
oxygen permeability and ion permeability sufficient to maintain good corneal health, '
adequate movement of the lens on the eye and wearer comfort during extended wear
periods.

Yet another embodiment of the invention is a method of using a contact lens having both an
oxygen transmission pathway and an ion transmission pathway from inner to outer surtace
as an extended wear lens. The method includes (a) applying the lens to the ocular
environment and (b) allowing the lens to remain in intimate contact with the ocular
environment for a period of at least 24 hours without substantial adverse impact on corneal
health or wearer comfort. A preferred method includes additional steps of (¢) removing the
lens from the ocular environment; (d) disinfecting the lens; (e} applying the lens to the
ocular environment; and (f) allowing the lens to remain in intimate contact with the ocular
environment for a period of at least an additional 24 hours. In a preferred embodiment, the
lens is wom for a continous period of at least seven days without substantial adverse
|mpact on corneal health or wearer comfort.
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

One embodiment of the present invention is an ophthalmica‘lly compatible, transparent lens
suited to extended periods of continuous contact with ocular tissue and tear ﬂunds A
particularly preferred embodiment of the invention is an extended-wear vision correction
lens suited for safe and comfortable long term wear without removal. In order to properly
describe the invention and to delineate the metes and bounds of the claims, a set of basic
terms will be defined at the outset. S

I. DEFINITION OF TERMS

An “ophthalmic lens” , as used herein, refers to lenses which are placed in intimate contact
with the eye or tear fluid, such as contact lenses for vision correction (e.g., spherical, toric,
bifocal), contact lenses for modification of eye color, ophthalmic drug delivery devices,
ocular tissue protective devices (e.g., ophthalmic healing promoting lenses), and the like. A
particularly preferred ophthaimic Iens is an extended-waar contact lens, especially
extended-wear contact lenses for vision correction.

A “polymerizable material which is capable of polymerizing to form a polymer having a high
oxygen permeability”, as used herein, refers to monomers, oligomers, macromers, and the
like, and mixiures thereof, which are capable of polymerizin'g with like or unlike
polymerizable materials to form a polymer which displays a relatively high rate of oxygen
diffusion therethrough. For convenience of reference, these materials will be referred to
herein as “oxyperm polymerizable materials™ and the resultant polymers will be referred to
herein as “oxyperm polymers®.

The “oxygen transmissibility” of a lens, as used herein, is the rate at which oxygen will pass
through a specific ophthalmic lens. Oxygen transmissibility, Dk#, is conventionally -
expressed in units of barrers/mm, where t is the average thickness of the material fin units
of mm]) over the area being measured and “barrer” is defined as: '
[(cm’ oxygen){mm) / (cm* )(sec)(mm Hg)} x 10°
The “oxygen permeability”, Dk, of a lens material does not depend on lens thickness.
Oxygen permeability is the rate at which oxygen will pass through a material. Oxygen
permeability is conventionally expressed in units of barrers, where “barrer” is defined as:
tcm® oxygen){mm) / (cm?)(sec)(mm Hg)] x 10°™° :
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These are the units commonly used in the art. Thus, in order to be consistent with the use
in the art, the unit “barrer” will have the meanings as defined above. For example, a lens
having a Dk of 90 barrers (“oxygen permeability barrers™) and a thickness of 90 microns
(0.090 mm) would have a Dk/ of 100 barrers/mm (“oxygen transmissibility barrers"lmm).

A "polymerizable material which is capable of polymerizing to form a polymer having a high
ion permeability”, as used herein, refers to monomers, oligomers, macromers, and the like,
and mixtures thereof, which are capable of polymerizing with like or unlike polymerizable
materials to form a polymer which displays a relatively high rate of ion or water permeation
therethrough. For convenience of reference, these materials will be referred to herein as
“ionoperm polymerizable materials” and the resuitant polymers will be referred to herein as

“ionoperm polymers”. -

A “macromer”, as used herein, refers to a polymerizable material which has a molecular
weight of at least about 800 grams/mol. The term “macromer”, as used herein, also
encompasses oligomers.

A “monomer”, as used herein refers to a polymerizable material which has a molecular
weight of less than about 800 grams/mol. -

A “phase”, as used herein, refers to a region of substantially uniform composition which is a
distinct and physically separate portion of a heterogeneous polymeric material. However,
the term “phase” does not imply that the material described is a chémically pure substance,
but merely that certain bulk properties differ significantly from the properties of another
phase within the material. Thus, with respect to the polymeric components of a lens, an
ionoperm phase refers to a region composed of essentially only ionoperm polymer (and
water, when hydrated), while an oxyperm phase refers to a region composed of essentially
only oxyperm polymer.

A “continuous phase”, as used herein, refers to a region of substantially uniform
‘composition which forms a continuous pathway from one surface of an article to another
surface of an article.

“Co-continuous phases” , as used herein, refers to at least two regions, each of
substantially uniform composition which differs from the other, and each of which forms a
continuous pathway from one surface of an article to another surface of an article. Thus,
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an ophthalmic lens having co-continuous phases of oxyperm polymer and ionoperm
polymer will have two continuous pathways or sets of continuous pathways extendmg from:
the inner surface of the lens to the outer surface of the-lens. e

“Morphoiogy" as used herein, refers to the structure and relataonshlp of the phases of a
material. '

“Ophthaimically compatible®, as used herein, refers to a material or surface of a material
which may be in intimate contact with the ocular environment for an extended period of time
without signiﬁcanﬂy damaging the ocular environment and without significant user
discomfort. Thus, an ophthaimically compatibie contact lens will not produce significant
corneal swelling, will adequately move on the eye with blinking to promote adequate tear
exchange, will not have substantial amounts of lipid adsorption, and will not cause
substantial wearer discomfort during the prescribed period of wear.

“Ocular environment”, as used herein, refers to ocular fiuids (e.g., tear fluid) and ocular

tissue (e.g., the cornea) which may come into intimate contact with a contact lens used for
vision correction, drug delivery, wound healing, eye color modification, or other ophthalmic
applications.

“Hydrophilic”, as used herein, describes a material or portuon thereof which will more readily
associate with water than with lipids. :

A “hydrophilic SUrface », as used herein, refers to a surface which is more hydrophilic and
lipophobic than the bulk or core material of an article. Thus, an ophthalmic lens having a
hydrophilic surface describes a lens having a core material having a certain hydrophilicity
surrounded, at least in part, by a surface which is more hydrophilic than the core.

The “outer surface” of a lens, as used herein, refers to the surface of the lens which faces
away from the eye during wear. The outer surface, which is typically substantially convex,
may also be referred to as the front curve of the lens. The “inner surface” of a lens, as used
herein, refers to the surface of the lens which faces towards the eye during wear. The inner
surface, which is typically substantlally concave, may also be referred to as the base curve
of the lens. B '
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“TRIS", as used herein, refers to 3-methacryloxypropyltris(trimethylsiloxy) silane, whichis
represented by CAS No. 17096-07-0. The term “TRIS” aiso includes dimers of 3-
methacryloxypropyltristrimethyisiloxy) silane. '

“Molecular weight” of a polymeric 'material (including monomeric or macrom_eric materials),
as used herein, refers to the number-average molecular weight unless otherwise specifically
noted or unless testing conditions indicate otherwise. |

A. Polymerizabl terials

Oxyperm polymerizable materials include a wide range of materials which may be
polymerized to form a polymer displaying a relatively high oxygen diffusion rate
therethrough. in addition, these materials must be relatively ophthaimically compatibie.
These oxyperm polymerizable mé_terials include, without limitation thereto, siloxane- |
containing macromers and monomers, fluorine-containing macromers and monomers, and
. carbon-carbon triple bond-containing macromers and monomers. The oxyperm macromer
or monomer may also contain hydrophilic groups. .

Preferred oxyperm polymers are those formed from a siloxane-containing macromer..
Macromers having dialkyl siloxane groups, especially dimethyl siloxanes, are particularly
preferred. These macromers are broadly referred to as poly(dimethyi siloxanes) (aiso,
POMS). The siloxane-containing macromer may also include hydrophiiic groups. Examples
of suitable siloxane-containing macromers include, without limitation fhereto, the Materials
A, B, C, and D as described herein.

The oxygen transmissibility (Dk/t) of the lens is preferably at least 70 barrers/mm, more-
preferably at least 75 barrers/mm, and most preferably at least 87 barrers/mm. The lens
center thickness is typically more than about 30 microns, preferably about 30 to about 200

- wmicrons, more preferably about 40 to about 150 microns, even more preferably about 50 to
about 120 microns, and most preferably about 60 to about 100 microns.

The oxygen transmissibility of the extended-wear lens from the outer surface to the inner

. surface must be sufficient to prevent any substantial corneal swelling during the period of
extended wear. It is known that the cornea swells approximately 3% to 4% during overnight
periods of sleep when the eyelids are closed, as a result of oxygen deprivation. It is also
known that wearing a typical contact lens, such as ACUVUE (Johnson & Johnson), for a
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period of abput 8 hours {overnight Wear) causes corneal swelling of about 11%. However,
a preferred extended-wear contact lens will produce, after wear of about 24 hours, including
normal sieep periods, corneal swelling of less than about 8%, more preferably less than-
about 6%, and most preferably less than about 4%. A preferred extended-wear contact
lens will Pproduce, after wear of about 7 days. mcludlng norrnal sleep periods, comeal
swellmg of less than about 10%, more preferably less than about 7%, and most preferably
less than about 5%. Thus, the extended-wear lens must have oxyperm polymer in an
amount sufficient to produce oxygen diffusion pathways from the outer surface to the inner
surface of the lens which are sufficient to yield the dbove properties relating to corneal
swelling. Preferably, the extended-wear lens has a continuous phase of oxyperm polymer
extending from the outer surface to the inner surface of the lens.

B. lonoperm Polvmerizable Is

~ lonoperm polymerizable materials inciude a wide range of materials which may be -
polymerized to form a polymer displaying a relatively high-ion diffusion rate therethrough. . in-
addition, these materials must be relatively ophthaimically compatible. These ionoperm
polymerizable materials include, without limitation thereto, acrylates and methacrylates,

such as 2-hydroxyethyl methacrylate, acrylamide, methacrylamide, and dimethylacrylamide;
poly(alkylene glycols), such as poly(ethylene glycol); N-vinyl pyrrolidones such as N-vinyl-2-
pyrrolidone; and the like and mixtures thereof. Other i tonoperm matenals are disclosed in
the specific embodiments of Materials A-D, described below

C. Weight Ratios

The ratios of oxyperm to ionoperm polymerizable materials may vary-substantially, -
depending on the selected balance of oxygen permeability and ion permeability for the
chosen end-use of the molded 'po'lymeric article. Preferably, the volumetric ratio of oxyperm
to ionoperm material (including water) in the fully hydrated lens is about 40 to about 60 to
about 60 to about 40. However, weight percentages, based on the total weight of the lens,
will be defined because weight percentages are more conveniently utilized in lens
fabrication. Prefer‘ably.' the extended-wear contact lenses having substantially only
jonoperm and oxyperm materials will have about 60 to about 85 weight percent oxyperm
polymerizable material and about 15 to about 40 weight percent ionoperm polymerizable
material in the prépolymerization mixture, based on total polymerizable material weight.
More preferably, the prepolymerization mixture will contain about 70 to about 82 weight
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percent oxyperm polymerizable material and about 18 to about 30 weight percent ionoperm
polymerizable material, based on total polymerizable material weight.

A wide variety of additional polymerizable materiais: may be.included in the mixture prior to
polymerization. Cross-linking agents, such as ethylene glyco! dimethacryiate (EGDMA),
may be added to improve structural integrity and mechanical strength. Antimicrobial
polymerizable materials such as poly(quaternary ammonium) salts may be added to inhibit
microbial growth on the iens material. Aiso, additional ionoperm monomers or macromers
and oxyperm polymerizable materials may be added to adjust the oxygen permeability and
ion permeability of the final molded article. An especially advantageous polymerizable
material is TRIS, which may act both to increase oxygen permeability and to improve the
moduius of elasticity.

A preferred prepolymerization mixture will include (a) about 30 to 60 weight percent
oxyperm macromer, (b) about 20 to 40 weight percent ionoperm polymerizable material,
and (c) about 1 to 35 weight percent TRIS, based on the fota! lens weight. More. ﬁreferably.
the amount of TRIS is about 10 to 33 weight percent, based on the total prepolymerization
mbdure weight. .

in a preferred embodiment, the prepolymerization mixture includes iess than about 5 weight
percent cross-linking agent, based on the total prepolymerization mixture weight. More
preferably, the prepolymerization mixture includes less than about 2 weight percent cross-
linking agent, based on the tolal prepolymerization mixture weight. Even more preferably,
the prepolymerization mixture includes substantially no cross-finking agent. In a particularly
preferred embodiment, the prepolymerization mixture includes no added cross-linking
agent.

The previously described ranges for oxyperm polymerizable materials, ionoparm
polymerizable materials, and TRIS are offered to enable the reader to better comprehend
the invention. However, it should be noted that the specific weight or volume percentages
of oxyperm and ionoperm polymerizable materials are not the most critical factors to
consider in preparing a good extended-wear ophthalmic lens. More importantly, the lens
must have sufficient ion permeability for good on-eye movement and sufficient oxygen
permeability for good corneal health during the extended wear period.
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D. Morphology

One requirement of the lens material is that the lens allow a high visible light transmission
from the outer to inner surface of the lens. A lens morphology which includes large phase
separated regions will reduce visible light transmission and cause substantial undesirable
image distortion, thereby destroying the value of the lens as a vision correction device.
Thus, the lens must have a morphology which allows at least about 80%, more preferably
about 90%, visible light transmission and does not produce any significant undesirable
image distortion. S

In one preferred embodiment, the lens material has at least two phases: the phases. -
including at least one oxyperm phase and at least one ionoperm phase. 'While there may
be two distinct phases, it is believed that there may be a transition phase, or interphase, in
which the material composition and the material properties are a blend of those of the
oxyperm and ionoperm materials. Thus, there may exist a distinct oxyperm phase or
plurality of distinct oxyperm phases, a distinct ionoperm phase or a plurality of distinct
ionoperm phases, and an amphipathic phase mixture or blend of oxyperm and ionoperm
phases. In one preferred embodiment, the glass transition temperature (Tg) of the oxyperm
phase is less than about -115° Celsius {minus 115 degrees Celsius).

The existence of separate oxyperm and ionoperm phases, rather than a complete blend of
oxyperm and ionoperm phases, is believed to be advantageous in promoting the diffusion
of oxygen and ions. Oxygen will diffuse predominantly through the. oxyperm polymer, while
the ionoperm polymer provides a higher barrier to oxygen diffusion. Similarly, ions will
diffuse well through the ionoperm polymer, but the oxyperm polymer provides a higher
resistance to ion diffusion. Thus, one homogeneous oxyperm/ionoperm phase will provide
undesirable resistance to both oxygen and ion diffusion, while two separate oxyperm and
ionoperm phases will provide low resistance pathways for transmission of both oxygen and
ions or water. Thus, the ideal extended-wear lens has a pathway or series of pathways
from the outer surface to the inner surface for transmission of oxygen therethrough, and an
analogous continuous pathway or series of pathways for transmission of water or ions
therethrough. In a particularly preferred embodiment, the lens has two co-continuous
phases, one an oxyperm phase and the other an ionoperm phase, allowing for permeation
of water or ions and oxygen between the front and base curves of the lens.

Vg,
e+
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E. Bulk Water Content

The measurement of water content is difficult because the removal ot adhered surface -
droplets wrthout aﬁectmg the bulk lens water content, is difficult. - in addition, water may -
evaporate from the lens surface quickly, thereby lowering the water content from the
equilibrium tevel. Acoordrngly. a discussion of the bulk water content of a lens warrants a
discussion of the measurement mohnlque used to determine the water content.

The preferred bulk water content-of the hydrated lens will be a function of the lens material
properties. The material propertles are dependent on the prepolymenzatron macromers and
monomers and polymerization condltlons Thus, the preferred water content for a lens
including a fluorine-containing oxyperm material may be different from that ofa Iens
including a siloxane-oontaining oxyperm material. Accordingly, while general ranges for
bulk water content are offered for a better understanding of the mventlon. the invention is
not generally limited to specific bulk water oontents

One method of meas'uring the water content of a lens formed in accordance with the
present invention, referred to herein as the * Bulk Technique”, is as foliows. First the lens is
thoroughly hydrated in a physiological saline solution, such that the water in the lens is in
equilibrium with the surrounding water. Next the lens is gently blotted between two lint-free
blotting cloths to remove surface moisture. The lens is quickly placed on an aluminum
weighing pan and the first wet weight, W, is measured. Next, the aluminum pan with lens
is placed in a oven at 36°C for a period of at least 24 hours. After heat treating, the pan
with lens is removed, placed in a desiccator, and aflowed to cool to room temperature
(ebout 22°C). The pan with lens is weighed again to determine the dry weight, Ws. The

- lens is re-equilibrated in physiological saline solution and a second wet weight W: is
determined thereon. The wet weights (W, and W,) are averaged fo yield an average wet
weight, W,.. The bulk water content is determined by the following equation:

Percent water content = (W,, - Wy) / W,, x 100

A preferred lens bulk water content, dete_rm,ined by the “ Bulk Technique”, is less than about
32 weight percent. More preferably, the iens has a water content of about 10 to 30 weight
percent, based on the total !ens weight. A particularly preferred lens water content is about
15 to about 25 welght percent
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F. lon and Water Permeability

Unexpectedly, it has been determined that the i ion permeabillty through the lens correlates
well with on-eye movement. As discussed earlier, it is known that on-eye movement of the
lens is required to ensure good tear exchange, and ultumately, to ensure good corneal
health. While the invention is not bound by theory presented herein. it may be useful to
discuss some theory for a better understandmg of ways to practioe the invention.

it is theorized that water permeability is an except_ionally important feature for an extended-

“wear lens which includes oxyperm polymers such as those disclosed hersin. Siloxane-
containing oxyperm materials tend to adhere strongly to the eye, thereby stopping on-eye
movement. The ability to pass water through the lens is believed to allow a siloxane-
contalmng polymeric lens to move on the eye, where the movement occurs via forces
exerted by water being squeezed out of the lens. The water permeability of the lens is also
believed important in replenishing lens water content once pressure is femoved Further,
the permeability of ions is believed to be directly propomonal 1o the permeability of water.
Thus, ion permublllly isa pred:ctor of on-eye mavement.

However, regardless of whether the water permeability lheory is a correct understanding of
the actual on-eye movement phenomenon, it has been unexpectedly found that above a
certain threshhold of ion parmeability through a lens, from the inner surface of the lens to
the outer, or vice versa, the lens will move on the eye, and below the threshhold the lens
will adhere to the eye. Thus, the present lnnovative extended-wear contact lenses provide
a balance between the relatively high oxygen permeab:lny (and associated high b:nding
capacity) of oxyperm matenals with the low bmdmg capacity {high' on-eye movement) of
ionoperm materials. It is believed that this'is accomplished by providing a piurality of
continuous ion transmission pathways for ion and water movement through the lens.

It should be noted that ions may move through the lens via these ion pathways by a number
of means. For example, ions may diffuse through the lens because of concentration
differences from one surface to another. lons may also be forced through the ion pathways
by the mechanical action of blinking, with the concomittent compression forces on the lens
“essentially squeezing water out of the lens. In addition, the charge nature of the surfaces
may provide an electromotive force which drives ion permeation through the lens. At times,
one of these driving forces may be larger than the others, while at other times the relative
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magnitude may reverse. This discussion is presented to clarify that the invention is not

restricted by the method or driving force by which ions move through the lens. .

Neither the measurement of water permeability nor ion- permeability through an.ophthalmic
lens s considered a routine matter of testing in the industry. Accordingly, a discussion of -
the preferred ion or water permeability ranges warrants a discussion of the measurement
fechnigues used to determine the permeability.

The water permeability of a lens may be determined from the rate of water permeation
through the lens, from one surface to ancther surface. The water permeability of a lens
may be determined by positioning a lens between two reservoirs holding solutions having
known, and different, initial concentrations of radiolabeled water (e.g., tritiated water), and
then measuring concentration of radiolabeled water in the “receiving” reservoir (the reservoir
towards which the net flow of radiolabeled water is positive) as a function of time.

The relative ion permeability of a lens may be determined from the rate of ion Meaﬁon

through the lens, from one surface to another surface. . The rate of ion permeation may be
determined by positioning a:lens:between.two reservoirs. holding solutions having known,
and different, initial ion concentrations, and then measuring conductivity. in the “receiving”
reservoir (the reservoir towards which the net flow of ions is positive) as a function of time.
The concentration of ions, such as sodium, can be measured accurately using a pH meter
and an ion-selective electrode. lons are believed to be transmitted through a lens, from
inner to outer surfaces and vice versa, primarily by the diffusion of ions through water

. pathways in the lens. lon permeability through a lens is believed to be directly proportional

to water permeability through a lens.

1. lonoflux Measurement Igg_m;ggg

The following technique, referred to herein as the “lonofiux Technique”, is a preferred
method for determining the ion permeability of a lens. This technique may be used to
determine the likelihood of adequate on-eye movement.

The “lonoflux Technique"” involves the use of a conductometer (LF 2000/C, catalog no.

-300105, Wissenschaftlich-Technische Werkstétten GmbH (WTW), Germany), an electrode

equipped with a temperature sensor (LR 01/T, catalog no. 302 520, WTW), a donor
chamber containing a salt solution, a receiving chamber containing about 60 mi of
deionized water, a stir bar and a thermostat.
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The donor chamber is specially designed for sealing a contact lens thereto, so that the
donor solution does not pass around the lens (i.e., ions may only pass through the lens).
The donor chamber is composed of a glass tube which is threaded at the end which is
immersed in the receiving solution. The glass tube includes a centrally located hole of
about 9@ mm in diameter. A lid, which is threaded to mate with the glass tube, holds a lens-
retaining member which includes a centrally located hole of about 8 mm in diameter. The
lens-retaining member includes a male portion adapted to mate with and seal the edges of
the inner (concave) surface of a lens and a female portion adapted to mate wnh and seal
the edges of the outer (convex) surface of a lens.

The lens to be measured is place‘d'i'n the lens-retaining member, between the male and
female portions. The male and female portions include flexible sealing rings which are
positioned between the lens and the respective male or fernale portion.. After positioning
the lens in the lens-retaining member, the Ians-reiaining member is placed in the threaded
lid. The lid is screwed onto the glass tube to define the donor chamber. The donor. -
chamber is filled with 16 mi of 0.1 molar NaCl solution. The receiving chamber is filled with
60 mil of deionized water. The leads of the conductivity méter are immersed in the:
deionized water of the receiving chamber and a stir bar is added to the receiving chamber.
The receiving chamber is placed in a thermostat and the temperature is held at about 35°C.
Finally, the donor chamber is immersed in the receiving chamber.

Measurements of conductivity are taken every 20 minutes for about three hours, starting 10
minutes after immersion of the donor chamber into the receiving chamber. The lonofiux
Diffusion Coefficient, D, is determined by applying Fick’s law as follows:
D=-n'/{Axdc/dx)

where n’ = rate of ion transport [mol/min]

A = area of lens exposed [mm?]

= lonofiux Diffusion Coefficientfmm?/min}
dc = concentration difference [mol/L}]
dx = thickness of iens {mm]

An lonoflux Diffusion Coefficient of greater than about 6.4 x 10" mm?/min is preferred for
achieving sufficient on-eye movement. More preferably, the lonofiux Diffusion Coefficient is
greater than about 2.6 x 10°® mm?/min, while most preferably, the lonofiux Diffusion
Coefficient is greater than about 1.5 x 10 mm%min. It must be emphasized that the
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lonoflux Diffusion Coefficient correlates with ion permeability through the lens, and thereby
is a predictor of on-eye movement.

The following technique, referred to herein as the “lonoton Technique®, is another preferred -
method for determining the relative ion permeability of a lens. The technique is based on
measurement of the diffusion of sodium chloride through a lens.

-The “lonoton Technique” invoives the use of a pH meter (Beckman, VWR catalog no.

BK123142), a VSC-1 Diffusion Cell Drive Console (Crown-Bio, Somerville, NJ), a DCB-
100B Diffusion Cell {Crown-Bio), and a 6 cm sodium ion-specific electrode (Microelec-
tronics, Londonderry, NH, catalog no. MI-414P). The technique is not limited to the
aforementioned instruments or materials; equivalent instruments or materials may be used.

First, a contact iens is mounted onto an orifice of the DCB-1008 cell chamber, the donor
chamber. Next, the connecting cell chamber (receptor chamber) is placed against the cell
chamber containing the contact lens and tightly clamped on the clamp holder. suppli.ed'with -
the VSC-1 Drive Console. Then, a phosphate-buffered saline (PBS, Mediatech catalog-no.:
21-031-LV) is placed into the receptor side of the cell chamber. Stir bars are added to each .
cell chamber. The 6 cm electrode is placed into the PBS saline receptor side. After the
electrode has equilibrated in the PBS saline, the pH meter is placed in the mV'functi_on to
establish the 0 mV point. PBS which has been saturated with sodium chloride is added to
the donor chamber.

The millivolt signal is recorded at 5, 10, 15, 30, 60, 120, and 1 80 minute intervals. The
millivolt signal is converted to a-sodium ion concentration by a standard curve of sodium ion
concentration vs. millivolt signal. The lonoton lon Permeability Coefficient, P, is then

. determined in accordance with the following equation:

in{ 1 - 2C{t)/C(0) ) = -2APt/ Vd

where: C(t) = concentration of sodium ions at time t in the receiving cell
C(0) = initial concentration of sodium ions in donorcell
A = membrane area, i.e., lsns area exposed to cells
V = volume of cell compartment (3.0 ml)
d= average lens thickness in the area exposed
P = permeability coefficient
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The average thickness of the lens in the exposed test area may be determined by -
averaging-a number of readings, e.g., 10 readings, with a low-pressure thickness-
measuring instrument, such as a Mitotoya micrometer VL-50, or equivalents thereof. The
lonoton lon Permeability Coafﬁciant P, having units of cm?*/second, may be determmed
from the siope of a plot of time (t) V. !n( 1- ZC(t)IC(O) ) x (-2At 1 vd). '

An lonoton lon Permeability Coefficient, P, of greater than about 0.2 x 10 cm?/sec is
preferred, while greater than about 0.3 x 10°® cm?/sec is more preferred and greater than
about 0.4 x 10 em?/sec is most preferred. It must be emphasized that the lonoton lon
Permeability Coefficient correlates with ion permeability through the lens and thereby isa
predlctor of on-eye movement.

3. Hydrodell Water Permeability Technique
The following technique, referred to herein as the “Hydrodell Technique”, is a preferred

method for determining the water permeability of a lens. This techmque may be used to
determine the likelihood of adequate on-eye movement. '

The Hydrodell Technique involves the measurement of the rate of transfer of the
radiolabeled solutes THO (*H-HO or tritiated water) and **C-glucose across the contact lens
* using a two-chamber apparatus. '*C-glucose is used in this measurement technique to
reveal any leak in the system during testing. The lens is mounted between chambers,
which are stirred at a controllable rate. Chamber | contains a solution with a high
concentration of iabeled solute. Chamber i, the “receiving chamber”, contains an identical
solution but without the labeled solute. Samples of the solution in chambers | and II are
taken at intervals over the test period. The radioactivity in the samples is measured. The
permeability of the lens is calculated from the measured radioactivity, the sample times, the
chamber volumes and the lens area exposed to the solutions. A more detailed description
of the Hydrodell Technique follows.

a. Solution Preparation -
Dulbecco’s phosphate buffered saline (DPBS) is prepared by first dlssolvmg. sequentially,

about 160 g sodium chioride (NaCl), about 4 grams potassium chloride (KCl), about 23
grams disodium hydrogen orthophosphate {Na;HPO,), about 4 grams potassium
dihydrogen orthophosphate (KH.PO,), and about 10 grams sodium azide in a liter of
reverse-osmosis (MilliQ) water. Then, the pH is adjusted to about 7.3 by adding appropriate
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amounts of HCI. Finally, the buffer solution is diluted to 1:20 (50 ml buffer solution with 950
mi reverse-osmosis water) and atiowed to degas either in a screw-capped container .
overnight or under vacuum.

A Cold Glucose buffer solution is prepared by adding about 0.1 grams D-glucose to one liter
of DPBS, followed by sterilization via filtration through a 0.2 ui millipore filter and storage at
4°C until use.

The Chamber | solution is prepared by adding about 6 u THO (TR53, 1.0_r_nc_ilml activity,
available from Amersham Australia, located in North Ryde NSW Australia) and about 16 M
“C-glucose (in sthanol, avaitable from Amersham Australia) to about 12 mi of the Cold
Glucose buffer solution. Preferably, this solution is used within about 24 hours of
preparation. The Chamber Il solution is DPBS. |

b. Apparatus Preparation : : - e

The chambers have a volume sufficient to hold about 12 mi of solution during té_sting.
While the exact shape of the chambers is not critical, both chambers have rectangular
cross-sections for ease of construction. The chambers may be made from.a,variety of
water-proof rigid materials, preferably clear (e.g., acrylic plates, FX Plastics, Marrickville
NSW Australia) so that samples may be abserved during testing. Each chamber has a

- . circular aperture of about 7 mm diameter appropriate for mounting a lens between the

chambers for contact with solutions held within the chambers. Some affixing means, such
as a set of mounting boits, are necessary to securely affix one chamber to the other with
the lens mounted in between.

A test contact lens is mounted symmetrically over the aperture of Chamber I1.- Folds and
wrinkies are manually removed from the lens. Chamber | is positioned adjacent the
aperture and mounted lens of Chamber Il, and the chambers are secured to one another
using mounting bolts.

About 12 mi (V) of DPBS is placed in Chamber Il. About 12 r_nl.of the Chamber | labeled
solution is placed in Chamber |, at which point time t=0 is established. Stirrers are added to
both chambers and the stirrer speed is set at about 1200 rpm.
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c. Sampling -
Sampling generally starts at time t, = 5 minutes. The final sample time, t,, is usually at
about 50 minutes for high water content ienses and about 120 minutes for low water
content lenses, although these times are not critical.

At time t, = 5 minutes, two samples of about 0.2 ml volume are pipetted from Chamber |,
" and two 0.2 mi aliquots of DPBS are added to Chamber | to restore the volume. These

samples are placed into plastic counting tubes with about 4 mi Ultima Gold™ cocktail

(available from Packard Instrument Co., Mefiden, Connecticut) and about 0.9 ml DPBS.

Also at time t,, one sample of about 1.0 ml volume is pipetted from Chamber Il and one 1.0
mi aliquot of DPBS is added to Chamber Il to restore the volume The sample is placed into
a plastic counting tube with about 4 ml Uitima Gold™ cocktall

At intermediate times between 1, and t; {e. g., every 10 minutes), one sample of about 1.0 mi
volume is pipetted from Chamber Il and one 1.0 ml aliquot of DPBS is added to Chamber |i
1o restore the volume. Each sample is placed into a plastlc courmng tube with about 4 mi
Ultima Gold™ cocktail. '

Attime 1, two samples of about 0.2 m! volume are pipetted from Chamber . These
samples are placed into plastic countlng tubes with about 4 m! Uitima Gold™ cocktail and
about 0. 9 mi DPBS.

Also at time ¢;, two samples of about 1.0 mi volume are pipetted from Chamber Il. These
samples are placed into plastic counting tubes with about 4 m! Ultima Gold™ cocktail.

d. Measurements -

The activity of the samples are measured by liquid scintillation counting, or other
appropriate technique. Liquid scintillation counting may be advantageousty accomplished
by using protocol number 6 for *H/*C on a Tri-Carb Liquid Scintillation Analyzer (1900TR,
available from Packard Instrument 00 ). '

Three standards containing about 10* to 10° cpm THO in reverséed-osmosis (MilliQ) water
are prepared. Three standards containing about 10* to 10° cpm “C glucose in reversed-
osmosis (MilliQ) water are also prepared. A bilank containing MilliQ water is prepared.
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The scintillation analyzer settings are LLA = 0 KeV and ULA = 12 KeV for *H ("1} in channel
" 1 and LLB = 12 KeV and ULB = 156 KeV for “C {*2") in channel 2. The standards and
blank are counted three times during each counting of samples, and the counts are
averéged. The following denote the relevant measured sample activities:

b, = measured activity of blank sample in channel 1

b, = measured activity of blank sample in channel 2

S'y1 = measured activity of standard *H sample in channel 1

S';2 = measured activity of standard ™C sample in channel 2

S’z = measured activity of standard °H sample in channel 1

S'22 = measured activity of standard *C sample in channel 2

y: = measured activity of test sample (both °H and ™C) in channel 1 |

ve = measured activity of test sample (both °H and “C) in channel 2

e. Water Permeability Calculation

In order to calculate the actual activity of a sample, the measured activities of the isotbpes.
*H and ™C, must first be corrected to remove the cross-contamination error due to the |
presence of both isotopes in one sample. Without explaining the mathematical derivations,
the following stepwise procedure is offered as an example of one,me_tl_'md_of determining '
water permeability from the above measurements: '

- (1) Calculate Sy1, Si2, S21, and Sz, from the following equations:
S11=8n-by
S12=S8"12-by
Sx=82n-b
S2=82-b;

(2) Calculate a,; and a;, from the following equations:
a2 =82/ Sz
axn =82/8u

(3) Calculate corrected concentrations of °H (*1”) and "C (“2") from the following
equations: '
€y = [(yr by) - 312 (y2- b)) / (1- @2 @20)V
Cz = [{ye- D2} - 821 {y1- D1)} / {1- @2 @20)V

where V is the volume of the test sample.
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(4) Calculate water perrnea_bility for an interval from t, to ¢, as follows:

P = Vi [catta)-onit] / AGronetd)

where V, is the volume of Chamber I, ci{to) is the concentration of *H in Chamber Il at time
t2, Ca(ty) is the concentration of %H in Chamber Il at time t,. A is the area of lens exposure, ¢,
is the average concentration of °H in Chamber | over the time period t, to {2 and ¢, is the -
average concentration of °H in Chamber Il over the time period t, to ta. '

The ophthalmic lenses of one embodtmant_of the present invention have a Hydrodell Water
Permeability Cosfficient of greater than about 0.2 x 10 cm®/sec. The ophthalmic lenses in
a preferred embodiment of the invention have Hydrodell Water Permeab:luy Coefficient of
greater than about 0.3 x 10" cm®/sec. The ophthalmic lenses ina preferred embodiment of
the invention have Hydrodell Water Permeability Coefficient of greater than about 0.4 x 10°
cm’/sec.

G. Oxygen Transmissibllity and Permeabiity

As mentioned earlier, the cornea receives oxygen primarily from the corneal surface which
is exposed to the environment, in contrast to other tissues which receives oxygen from
blood flow. Thus, an ophthalmic lens which may be worn on the eye for extended periods
of time must allow sufficient oxygen to permeate through the lens to the cornea to sustain
corneal health. One result of the cornea receiving an inadequate amount of oxygen is that
the cornea will swell. In a preferred embodiment, the oxygen transmissibility of the present
ophthalmic lenses is sufficient to prevent any clinically significant amount of corneal swelling
from occurring.

A preferred ophthalmic iens material will have an oxygen transmiisibility, Dk/t, of at least 70
{cm” oxygen){mm)/mm-cm?® x (sec/mm Hg) x 10° or [barrers/mm], more preferably at least
75 barrers/mm, and most preferably at least 87 barrerslmm

The oxygen permeability of a lens and oxygen transmissibility of a lens material may be
determined by the following technique. Oxygen fluxes (J) are measured at 34°C in a wet
cell (i.e., gas streams are maintained at about 100% relative humidity) using a Dk1000
instrument (available from Applied Design and Development Co., Norcross, Georgia), or
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“similar analytical instrument. An air stream, having a known percentage of oxygen {e.g.,
21%), is passed across one side of the lens at a rate of about 10 to 20 cm3/min., whilea
nitrogen stream is passed on the opposite side of the lens at a rate of abaut 1 0020 .
cm3/min. The barometric pressure surrounding the system, Prmeasured: IS Measured. The
thickness () of the lens in the area being. exposed for testing is datenmned by measuring
about 10 locations with a Mitotoya micrometer VL-50, or similar instrument, and averaging
the measurements. The oxygen concentration iri the nitrogen stream (i.e., oxygen which
diffuses through the lens) is measured using the DK1000 instrument. The oxygen
permeability of the lens material, Dy, is determined from the followmg formula

Dk = Jtf (Poxygen)

where J = oxygen flux {microliters Oglcm&mmute]

Poxygen = (Pmeasured - Pwater vapor) X (%02 in air stream) [mm Hg)

= partial pressure of oxygen in the air stream
Pmeasured = barometric pressure [mm Hgj
~ Pyater vapor = 0 mm Hg at 34°C (in a dry cell) [mm Hg}

Pwater vapor = 40 mm Hg:at 34°C (in a.wet cell) [mm Hg)

t =-average thickness of the lens over the exposed test area [mmj.
where Dy is expressed in units of barrers,
i.e., [{cc oxygen)(mm)/cm?] x [sec/mm Hg] x 10-10,

‘The oxygen transmissibility (D) of the material may be calculated by dividing the oxygen
permeability (D)) by the average thickness (t) of the lens.

H. Mechanical On-eye Movement Parameters -

On-eye movement of a lens may be predicted from the mechanical properties of a lens, the
ion or water permeability through the lens, or both the mechanical properties and ion or |
water permeability. In fact, on-eye movement may be predicted more accurately from a
combination of mechanical properties and ion or water permeability.

1. Tensile Modulus and Short Relaxation Time
Tensile mechanical testing may be performed on lens materials to determine mechanical

properties. A procedure for preparing a test sample from a lens for subsequent mechanical
testing includes the following steps: '
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1.  Cut a parallel-sided strip through the center of the lens. A suitable width for the strip
is about 3.1 mm. :
2. lmmerse the test strip in a phosphate-buffered saline solution (approxlmatmg ocular
fluid osmolalrty) for a period of about 24 hours before testing. ' =
3. Conduct mechanical testing with the test strip immersed in phosphate-buffered saline £
at ambuent temperature (about 23’0)

Tensile modulus may be measured by applying a strain rate of about 100% per minute to
the test strip and recording the resultant stress. However, the procedure may be used at
differing strain rates.

Stress relaxation is measured by applying a constant strain of about 5% to the test strip and
recording the resultant stress for about 5 minutes. A useful mechanical testing instrument
for this type of testing is the Vm'odyne V-200 from Liveco Blemechamcal Instruments,
located in Burlington, Vermont.

In order to analyze stress relaxation data, a three element Maxweil-Wiechert model (a

spring and two spring-dashpot slements in parallel) may be assumed for the polymer

material. For this model the stress relaxation modulus is given by the following equation:
E() = Eo + E1exp(-thy) + Eexp(-t12)

Stress v. time curves may be normalized to the maximum (initial) stress induced in the
sampies. These curves may be analyzed by a variety of commerciaily available software
(for example, ORIGIN software) by fitting the double exponential equation:

y{t) = yo + Arexp(-t/t1) + Azexp(-tAz)
in order to obtain the stress relaxation parameters yy, t;, Ay, t2, and As.

It has been determined that the tensile modulus (modulus of elasticity, E) and the short

relaxation time constant {t;) correlate welt with on-eye movement. In order to have

appropriate on-eye movement, a iens preferably has a tensile moduius of less than about 3 . !
MPa. More preferably, E is about 0.4 to about 2.5 MPa while a particularly preferred Eis '
about 0.5 to about 1.5 MPa.

A preferred short relaxation time constant (t,) is greater than about 3.5 seconds. More
preferably, t, is greater than about 4 seconds, while a particularly preferred t, is greater than
about 4.5 seconds.
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2. Tangent Delta | |
Lenses may also be evaluated by dynamic mechanical analysis (DMA) methods. it has
been determined that a factor known as tan 3. (i.e., tangent deita), also known as
mechanical oss factor, correlates well with on-eye movemeht. it has been observed that
lens materials which move on the eye exhibit a distinct increase in tan & with increasing
frequency from about 0.1 to 10 Hz when these materials are tested by dynamic mechanical
analysis. The tan 3 of a preferred lens material is above about 0.2 at 0.1 Hz and increases
to about 0.25 or more at about 10 Hz. Atan 8 of about 0.3 or greater at 10 Hz is more
preferred, while atan & of about 0. 5 or greater at 10 Hz is even more preferred

DMA measurements may be determined in accordance with the following procedure. A disk
of lens material having a diameter of about 3.0 mm and a thickness of about 0.50 mm is
formed. The disk is placed in a Perkin-Elmer DMA-7 instrument. The disk is immersed in a
solution buffered to a pH of about 7.2 and held isothermally for a period of about 10
minutes or more prior to testing, at a temperature of about 23 to 36°C . The instrumentis
set to a compression measuring mode and the strain on the sample is adjusted to about 2%
to 4%, depending on.the sample response. The amplitude of compression is about 2to 4 _
pm. Measurements of the modulus of elasticity and tan  are taken at frequencies of about

0.1, about 1, and about 10 Hz.

3. Parameter Combinations

In order to assure appropriate movement of the lens on the eye, one may salect matenals
which have a combination of the above-discussed properties. Therefore, a prefgrred group
of extended-wear contact lens materials have (a) a modulus of elasticity (€) of about 1.5
MPa or less, (b) a short time relaxation constant {t;) of greater than about 4 seconds, and
(c) an lonoton fon Permeability Coefficient of greater than about 0.3 x 10°° cm®/sec and/or
an lonoflux Diffusion Coefficient greater than about 6.4 x 10°® mm?/min.

I. Examples of Suitable Materials
1. Material “A”

One embodiment of a suuable core material of the present ophthalmlc Ienses isa '
copolymer formed from the following monomeric and macromeric components:
(a) about S to about 94 dry weight percent of a macromer having the segment of the

formula o _ . o
CP-PAO-DU-ALK-PDMS-ALK-DU-PAO-CP
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where PDMS is a divalent poly{disubstituted siloxane),

ALK is an alkylene or alkylenoxy group having at least 3 carbon atoms,

DUisa dlurethane-oontaining group,

PAO is a divalent polyoxyalkylene. and

CP is selected from acrylates and methacrylatas, _

wherein said macromer has a number-avarage molecular weight of 2000 to 10 ,000;
(b) about 5 to about 60 weight percent methacryloxypropyltns(tr|methylslloxy)sllane;
(c) about 1 to about 30 weight percent of an acrylate or methacrylate monomer; and
(d) O to 5 weight percent crdssJihkihg agent, ' :

with the weight percentages being based upon the dry weight of the polymer components.

A preferred polysiloxane macromer segment is defined by the formula
CP-PAO-DU-ALK-PDMS-ALK-DU-PAC-CP

where PDMS is a divalent poly(disubstituted siloxane);

CPisan tsocyanatoalkyl acrylate or methacylate, preferably isocyanatoethyl methacrylate,
where the urethane group is bonded to the termmal carbon on the PAO group;

PAO is a divalent polyoxyalkylene (which may be substituted), and is ‘preferably a
polyethylene oxide, i.e., (-CHa-CHa-0-);,CHoCHo- where m may range from about 3 to
about 44, more preferably about 4 to about 24;

DU is a diurethane, preferably including a cyclic structure,

where an oxygen of the urethane linkage (1) is bonded to the PAO group and an oxygen of
the urethane linkage (2) is bonded to the ALK group;

and ALK is an alkylene or alkylenoxy group having at least 3 carbon atoms, preferably a
branched alkylene'group or an alkylenoxy group having 3to 8 carbon atoms, and most
preferably a sec-butyl (i.e., -CH20H20H(CH3)-) group or an ethoxypropoxy group

(e.g., -O-(CHg)2-0-(CHo)3-).

it will be noted that the DU group can be formed from a wide variety of diisocyanates or
triisocyanates, lncluding aliphatic, cycloaliphatic or aromatic polyisocyanates. These
isocyanates include, without limitation thereto, ethylene diisocyanate; 1,2-
dnsocyanatopropane. 1,3-diisocyanatopropane; 1,6-diisocyanatohexane; 1,2-
diisocyanatocyclohexane; 1, 3-dusocyanatocyclohexane. 1,4-diisocyanatobenzene, bis(4-
isocyanatocyclohexyl)methane; bis(4-isocyanatocyciohexyl)ymethane, bis(4-
isocyanatophenyl)methane; 1,2- and 1,4-toluene diisocyanate; 3,3-dichloro-4,4'-
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diisocyanatobiphenyl; tris(4-isocyanatophenyl)methane; 1 ,5-diisocyanatonaphthalene;
hydrogenated toluene diisocyanate; 1 -isocyanatomethyl-5-isocyanato-1,3,3- |
trimethylcycliohexane (i.e.,.isophorone diisocyanate); 1,3,5-tris(6-isocyanatohexyl) bluret,
1,6-diisocyanato-2,2,4-(2,4,4)-trimethylhexane; 2,2'-diisocyanatodiethyl fumarate; 1,5-
diisocyanato-1-carboxypentane; 1,2-, 1,3-, 1,6-, 1,7-, 1,8-, 2,7- and 2,3-
diisocyanatonaphthalene; 2,4- and 2,7-dlisocyanato-1-methyinaphthalene; 1,4-
diisocyanatomethyicyclohexane; 1,3-diisocyanato-6(7)-methyinaphthalene; 4,4'-
diisocyanatobiphenyl; 4,4’-diisocyanato-3,3'-dimethoxybisphenyl; 3,3'- and 4,4'-
diisocyanato-2,2'-dimethylbisphenyl; bis(4-isocyanatophenyl) ethane; bis(4-
isocyanatophenyl ether);. 1,2- or 1,4-toluene diisocyanate; and mixtures thereof. Preferably
DU is formed from isophorone diisocyanate or toluene diisocyanate, and more .preferably.
isophorone diisocyanate, where one isomeric diurethane structure of isophorone
diisocyanate is defined above.

A preferred Material_ A macromer segment has the following formula:

R,s—Eo——nw—Tﬁo——n, ,-;Eona;ocr—a,;-lixco—-nsoné' 7|i0 Ll.—-
- H. H H Ry_| R
T T
_n4ons—ouT—na—Tco—-Em§—R1g—-ocT—-R1 4£—0C—R,g
H H H

wherein: :

R; and R are lower alkyl (C,-C;), preferably C:-Cs alkyl, more preferably methyt;

Ra, Ry, Rs, and Rgare lower alkylene (C1-Cg}, preferably C,-C, alkylene, more preferably Co-
-Cs alkylene, and preferably, where the total number of carbon atoms in Rs and Rs, or R;and
Rg is greater than 4;

'Ry and Rgare linear or branched alkylene or a bivalent cycloalkylene, preferably bivalent
cycloalkylene;

Rs, Ry, Ri1, and Ry2are Cy-C> alkylene, preferably C, alkylene,

Ris and R, are lower alkylene (C,-Cg), preferably C,-C; alkylene, more preferably ethylene;
and .

Rys and R, are linear or branched lower atkenyiene, preferably C,-C, alkenylene;
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m and p, independently of one another, may range from about 3 to about 44, more -
preferably about 4 to about 24; and
n may range from about 13 to about 80 more preferably, about 20 to about 50, and even )
more preferably about 24 to about 30.

The polysiloxane macromer may be synthesized by the :fdllowin'g preferred process. At

about room temperature {about 20-25°C), poly(dimethyisiloxane) dialkanol having hydroxy-

alkyl {e.g., hydroxy-sec-butyl) or hydroxyalkoxy (e.g., hydroxyethylpropoxy) end groups and

having a molecular weight of about 2000 to 3000 (preferably about 2200, i.e., having about

28 repeating siloxane groups) is reacted with isophorone: dusocyanate at about a 1:2 molar

ratio, using about 0.2 weight percent (based on polydlmemylsiloxane) dlbutyttm dilaurate

added as a catalyst. The reaction is carried out for about 36 to 60 hours. To this mixture is

added poly(ethylene giycol) having a molecular weight of about 400 to 1200 (more’

preferably about 500 to 700) at about a 2:1 or 2.1:1 molar ratio with respect to the PDMS,

about 0.4 o 0.5 weight percent dibutyltin dilaurate (based on polyethyiene glycol weight),

and chiloroform sufficient to ensure substantial mixture homogeneity. The mixture is

agitated for about 12 to 18 hours, then held at a temperature of about 44 to 48°C for about :
6 to 10 hours. Excess chiloroform is evaporated therefrom at about room temperature to ﬁ?ﬁ
produce a composition having about 50 weight percent solids. Then, isocyanatoethyl
methacrylate is added to the mixture in about a 2:1 to 2.3:1 molar ratio with respect to
PDMS. The mixture is agitated at room temperature for about 15 to 20 hours. The resulting
solution contains a polysiloxane macromer having the composition described above and a
number-average molecular weight of about 2000 to 10,000, more preferably about 3000 to
5000.

¥
&

&

An advantageous polymeric material formed from the Material A macromer of the present

invention is a copolymer of the aforementioned Material A macromer; an acrylated or
methacrylated siloxane monomer, preferably methacryloxypropyltris (trimethyisiloxy) silane |

| (referred to herein as *Tris"); a hydrophilic monomer, preferably 2-hydroxyethyl methacrylate

(HEMA); and preferably, a cross-linking agent such as sthylens glycol dimethacrylate

(EGDMA). The final copolymer composition includes about 10 to 80, preferably 70 to 90,

weight percent polysiloxane macromer; about 5 to 60, preferably about 8 to 20, weight

percent siloxane monomer; about 1to 30, preferably about 1 to 5, weight percent acrylate

~ or methacrylate monomer; and 0 to about 5, preferably up to about 2 weight percent cross-

linking agent (e.g., EGDMA) based on a total dry copolymer weight. A more preferred

composition includes about 80 to 84 polysiloxane macromer, about 12 to 15 weight percent
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TRIS, about 3 to about 4 weight percent 2-hydroxyethyl methacrylate, and about 0.7 to
about 1.2 weight percent ethylene. glycol dimethacrylate.

The advantageous copolymers: of the present invention may be formed: from the previously-
described polysiloxane macromer in the following manner. A monomeric solution is formed:
by adding Tris, HEMA, DAROCUR® 1173 (a photoinitator available from Ciba-Geigy
Corporation), and optionally, EGDMA to the polysiloxane macromer solution. The resulting
polymer precursor solution preferably contains about 83 to about 95 weight percent.

_ polysiloxane macromer solution, about 5 to about 10 weight percent Tris, about 0.5 to about.

5 weight percent HEMA, about 0.1 to about 1.0 weight percent DAROCUR® 1173, and

- about 0.1 to about 1.0 weight percent EGDMA. More preferably, the monomer solution

contains about 87 to about 93 weight percent polysiloxane macromer solution, about 7 to
about 8 weight percent Tris, about 2 to about 4 weight percent HEMA, about 0.3 to about
0.7 weight percent DAROCUR® 1173, and about 0.3 to about 0.7 weight percent EGDMA. -
The monomer solution is preferably agitated for about 8 to about 24 hours prior to the
polymerization step.

Contact lenses may be prepared from the monomer solution by applying the monomer.
solution to appropriate lens molds and applying sufficient ultraviolet (UV) radiation to initiate -
polymerization. The ultraviolet light may be applied for a period of a few minutes to about 5
hours, depending on the intensity of light applied. Subsequent to polymerization, the
contact lens may be extracted with a solvent, e.g., isopropanol, to remove unreacted
monomers. |

Thus, generally, one embodiment of the present invention is a method of forming a molded
polymeric article suitable for ophthalmic applications (especially a contact lens), inciuding
the following steps:

{a) contacting a poly(dlalkylsiloxane) dialkanol with a dnsocyanate compound i in the
presence of a first catalyst at conditions sufficient to cause reaction of said dialkanol with
said diisocyanate, thereby forming a first mixture;

{b) contacting said first mixture with poly(alkylene glycol), a seoond catalyst and
sufficient solvent to ensure mixture homogeneity, thereby forming a second mixture;

(c) evaporating sufficient solvent from said second mixture to generate a third mixture
having a solids content of about 40 to 60 weight percent;

(d) adding isocyanatoalkyl methacrylate to said third mixture, thereby forming a fourth
mixture containing a polysiloxane macromer;
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~ (e) adding to said fourth mixture 3-methacryloxypropyiltris(trimethyisiloxy)silane
(TRIS), a hydrophific monomer, a cross-linking agent and a photoinitiator, thereby forming a
fifth mixture;
() placing said fifth mixture into a mold; and .
(@) applying sufficient radiation to copolymerize said monomers, thereby forming
said polymeric material into a molded polymeric article.

The h"ydrophilic copolymers of the present invention are ‘especially advantageous in the
formation of "soft" contact lenses. In the use of the copolymers in the contact lens field, the
lenses have a water content of about 10 to about 50 weight percent, more preferably about
10 to about 30 weight percent, and most 'préferably- about 15 to about 22 weight percent,
based on total hydrophilic polymer weight. Preferably, the fully-hydrated contact lens has
an oxygen transmissibility (Dy/t) of greater than 70 barrers/mm (i.e., {(cc oxygen)(mm)/cm2]
x [sec/mm Hg] x 10-10), more preferably greater than about 75 barrers/mm, and most
preferably greater than about 87 barrers/mm.

2, Material “B” (Polysiloxane-comprising perfiuoroalkyl ethers)
The Material “B” macromer is defined by formula (1):
P1-Mm-(L-X1)p- Q- Ky -Uyp(V)m-Py - )

where each P1, independently of the others, is a free-radical-polymerizable group;

each Y, independently of the others, is -CONHCOO-, -CONHCONH-, -OCONHCO-,
-NHCONHCO-, -NHCO-, -CONH-, -NHCONH-, -CO0-, -OCO-, -NHCOO- or -OCONH-

m and p, independently of one another, are 0 or 1;

each L, independently of the others, is a divalent radical of an organic compound having up
to 20 carbon atoms;

each X,, independently of the others, is -NHCO-, -CONH-, -NHCON H-, -CO0-, -OCO-,
-NHCOO- or -OCONH-; and : :

Qs a bivalent polymer fragment consisting of the segments

(a) ' '(E)k'Z'CFz'(OCFz)r(QCFéCFz)rOCFz'Z.'(E)r.

where x+y is a number in the range of 10 to 30;
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each Z, independently of the others, is a divalent radical having up to 12 carbon atoms or Z
‘is a bond;

each E, independently of the others, is -(OC:Hgm-lz),l . where q has a value of from 0 to 2,
and where the link -Z-E- represents the sequence -Z-(OCH,CH,),-; and .

kisOor1;.

-
b) — Alk—S§i— 0—Si-t-Alk—
- -- o R R}

‘where n is an integer from 5 to 100;

Alk is alkylene having up to 20 carbon atoms;

80-100% of the radicals R;, Rz. Ra and R,, independently of one another, are alkyl and
* 0-20% of the radicals Ry, Rz, Rs and R., independently of one another, are alkenyl aryl or
‘cyanoalkyl; and

(© . XeRXe

where R is a divalent organic radical having up to 20 carbon atoms, and :

each X,, independently of the others, is -NHCO-, -CONH-, -NHCONH-, -COO-, -OCO-, -

NHCOO- or OCONH-;

with the provisos that there must be at Ieast one of each segment (a), (b), and (¢) in Q, that

each segment (a) or (b) has a segment (c) attached to it, and that each segment {c)has a
segment (a) or (b) attached to it.

The number of segments (b) in the polymer fragment. Q s preferably greater than or equal
to the number of segments (a) The ratio between the number of segments (a) and (b) in
the polymer fragment Qis preferably 3:4, 2:3, 1:2 or 1:1. The molar ratio between the
number of segments (a) and (b) in the polymer fragment Q is more preferably 2:3, 1:2 or
1:1.

The mean molecular weight of the polymer fragment Q is in the range of about 1000 to
about 20000, preferably inthe range of about 3000 to about 15000, pamcularly preferabiy
in the range of about 5000 to about 12000.

The total number of segments (a) and (b)' in the polymer fragment Q is preferably in the
range of 2 to about 11, particularly preferably in the range of 2 to about 9, and in particular
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in the range of 2 to about 7. The smallest polymer unit Q is preferably:composed of one
perfiuoro segment (a), one siloxane segment (b) and one segment (c).

i

By

in a preferred embadiment of the polymer fragment Q, which preferably has a composition
in the abovementioned ratios, the polymer fragment Q is terminated at each end by a
siloxane segment (b).

The compositions in a bivalent polymer fragment Q always correspond above and below to
a mean statistical composition. This means that, for example, even individual block
copolymer radicals containing identical recurring units are included, so long as the final
mean statistical composition is as specified. |

X4 I preferably -NHCONH-, -NHCOO- or -OCONH-, particularly preferably -NHCOO- or -
OCONH-.

The X-R-X, segment is preferably a radical derived from a diisocyanate, where each Xs,
independently of the other, is NHCONH-, -NHCOO- or -OCONH-, in particular -NHCOO- or
-OCONH-,

A

Zis preferably a bbnd, lower alkylene or -CONH-arylené, in which the -CO- moiéty is linked
to a CF; group. Zis particularly preferably lower alkylene, in particular methylene. -

q is preferably 0, 1, 1.5 or 2, particularly preferably 0 or 1.5.

The perfluoroalkoxy units OCF, and OCF.CF; with the indices x and y in segment (a) can
either have a random distribution or be in the form of blocks in a chain. The sum of the
indices x+y is preferably a number in the range of 10 to 25. partioularly preferably of 10 to
15. The ratio x:y is preferably in the range of 0.5 to 1.5, in particular in the range of 0.7 to
1.1. :

A free-radical-polymerizable group P; is, for example, alkenyl, alkenyaryl or
alkenylarylenealkyl having up to 20 carbon atoms. Examples of alkeny! are vmyl allyl,
1-propen-2-yl, 1-buten-2-, -3- and -4-yl, 2-butén-3-yl. and the isomers of pentenyl, hexenyl,
octenyl, decenyl and undecenyl. Examples of alkenylaryl are vinylphenyl,

vinylnaphthyl or allyiphenyl. An example of atkenylarylenealkyl! is 0-, m-, or p-vinylbenzyl.
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P, is preferably alkenyl or alkenylaryl having up to 12 carbon atoms, particularly preferabiy
alkenyl having up to 8 carbon atoms, in particular alkenyl having up to 4 carbon atoms.

Y is preferably -COO-, -OCO-, -NHCONH-, -NHCOO-, -OCONH-, NHCO- or -CONH-, par-
ticularly preferably -COO-, -OCO-, NHCO- or -=CONH-, and in particular, -COO- or -OCO-.

Ih a preferred embodiment, the indices, m and p, are not simultaneously zero. If p is zero, m
is preferably 1. :

L is preferably alkylene, arylene, a saturated bivalent cycioaliphatic group having 6 to 20
carbon atoms, aryienealkylene, alkylenearylene, alkylenearylenealkylene or
arylenealkylenearylene.

Preferably, L is a divalent radical having up to 12 carbon atoms, particularly preferably a
divaient radical having up to 8 carbon atoms. in a preferred embodiment, L is furthermore
alkylene or arylene having up to 12 carbon atoms. A particularly preferred embodiment of L
is lower alkylens, in particular iower alkylene having up to 4 carbon atoms.

‘The divalent radical R is, for example, alkylene, arylens, alkylenearylene, ._arylenealkyiene or
arylenealkylenearylene having up to 20 carbon atoms, a saturated bivalent cycloaliphatic.
group having 6 to 20 carbon atoms or cycloalkylensalkylenecycloalkylene having 7 to 20
carbon atoms.

in a preferred embodiment, R is alkylene, arylene, alkylenearylene,' arylenealkylene or
aryleneaikylenearylene having up to 14 carbon atoms or a saturated divalent cycloaliphatic
group having 6 to 14 carbon atoms. In a particularly preferred embodiment, R is alkylene or
arylene having up to 12 carbon atoms or a saturated bivalent cycloaliphatic group having 6
to 14 carbon atoms.

in a preferred embodiment, R is alkylene or arylene having up to 10 carbon atoms or a
saturated bivalent cycloaliphatic group having 6 to 10 carbon atoms.

In a particularly preferred meaning, R is a radicat derived from a diisocyanate. for example
from hexane 1,6-diisocyanate, 2,2 4-trimethylhexane 1,6-diisocyanate, tetramethylene
diisocyanate, phenylene 1,4-diisocyanate, toluene 2,4-diisocyanate, toluene 2,6-
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diisocyanate, m- or p-tetramethyixylene diisocyanate, :sophorone diisocyanats or
cyclohexane 1,4-diisocyanate.

In a preferred meaning, n is an integer from 5 to 70, particularly preferably 10 to 50, in
particular 14 to 28.

In a preferred meaning, 80-100%, preferably 85-100%, in particular 90-100%, of the
radicals Rs, Rz, Rs and R, are, independently of one another, lower alkyl having upto 8
carbon atoms, particularly preferably lower alkyl having up to 4 carbon atoms, especially -

lower alkyl having up to 2 carbon atoms. A further particularly preferred embodiment of R,,
"Rz, Ra and Ry is methyl. N

In a preferred meaning, 0-20%, preferably 0-15%, in particular 0-10%, of the radicals Ry Re,
'Rsand R, are, mdependantiy of one another, lower alkenyl, unsubstnuted or lower alkyl- or
lower alkoxy-substlmted phenyl or cyano(lower alkyl).

Arylene is preferably phenylene or naphthylene, which is unsubstituted or substituted by
lower alkyl or lower alkoxy in particular 1 a-phenylene 1 4-phenylene or methyl-1 4-
phenylene, 1 5-naphthy|ene or 1,8-naphthyiene. '

Aryi is a carbocyclic aromatic radical which is unsubstituted or substituted preferably by
lower alkyl or lower alkoxy. Examples are phenyil, tolyl, xylyl, methoxyphenyl, t-
butoxyphenyl, naphthyl and phenanthryl.

A saturated bivalent cycloaliphatic group is preferably cycloalkylene, for example
cyclohexylene or cyclohexylene(lower alkylene), for example cyciohexylenemethylene,
which is unsubstituted or substituted by one or more lower alkyl groups, for exampie methyl
groups, for example trimethyicyclohexylenemethylene, for example the bivalent isophorone
radical.

For the purposes of the present invention, the term “lower” in connection with radicals and
compounds, unless defined otherwise, denotes, in particular, radicals or compounds having
up to 8 carbon atoris, preferably havnng upto4 carbon atoms.

Lower alkyl has, in particular, up to 8 carbon atoms, preferably up to 4 carbon atoms, and
is, for exampie, methyl, ethyl, propyl, butyl, tert-butyl, pentyl, hexyl or isohexyl.
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Alkylene has up to 12 carbon atoms and can be straight-chain or branched. Suitable
examples are decylene, octylene, hexylene, pentylene, butylene, propyiene, ethylene,
methylene, 2-propylene; 2-butylene, 3-pentylene, and the like..

Lower alkylene is alkylene having up to 8 carbon atoms, particularly preferably up to 4
carbon atoms. Particularly preferred meanings of lower alkylene are propylene, ethylene
and methylene.

The aryiene unit in alkylenearylene or aryienealkylene is preferably phenyliene,
unsubstituted or substituted by lower alkyl or lower alkoxy, and the alkylene unit therein is
preferably fower alkylene, such as methylene or ethylene, in particular methylene. These
radicals are therefore preferably phenylenemethylene or methylenephenylene.

Lower alkoxy has, in particular, up to 8 carbon atoms, preferably up to 4 carbon atoms, and
is, for example, methoxy, ethoxy, propoxy, butoxy, tert-butoxy or hexyloxy.

Arylenealkylenearylene-is preferably phenylene(iower alkylene)phenylene having up to 8, in
particutar up to 4, carbon atoms in the alkylene unit, for example
phenylenesthylenephenylene or phenylenemethylenephenyiene.

The macromers of the formula {1) can be prepared by processes known per se, for example
as follows:
In a first step, a perfluoropolyalkyl ether derivative of formula (IV):

Xa-(E)-Z-CF2-(OCF2)-(OCF,CFo)y-OCF2Z-(E)-Xs  (IV)
in which X is OH, -NHz, -COOH, -COCI, -NCO or -COOR, where -COORs is generally an
activated ester in which R; is alkyl or aryl which is unsubstituted or substituted by halogen or

cyano, and the variables Z, E, k, x and y are as defined above, is preferably reacted with
two equivalents of a bifunctional radical of formula (V):

Xe-R-X¢ )

inwhichRis as defined above and X, is a functionat radical which is coreactive with an X3
and is preferably -OH-, -NHz, COOH, -COCI, -COORs or -NCO; in the presence or absence
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of a suitable catalyst, where the reaction of X; with X4 gives a group X,; after which a
reactive derivative of formula (VI): S

Xq'R‘xz‘(E)k'ZCFz'(OCFz)r(OCcm_Fz)TOCFz‘Z-(E)rxrR-X. I

is obtained which is then preferably reacted with two equivalents of an a,w-substituted
siloxane of formula (VH): : '

CooRlos] o
x,—Auc-—?' o-—§i Alk—X, i
R, R, '
_ n .

where the variables R,, Ra, Rs, Rs, N, X5 and Alk are as defined above, in the presence or
absence of a suitable catalyst, giving a compound of formula (VIH):

Xa-Sil-Xz-R-Xe-PFPE-X-R-X-Sil-%s A\ )]

in which PFPE is (E)x-Z-CF-(OCF2)-(OCF2CFz),-OCF2-Z-(E), Sil is the siloxane radical

o
— All—Si—T0—SiT-All—
' R R :
2 4 n

and the other variables are as defined above; after which the reactive intermediate of the
formula (VIIl) is preferably reacted with two equnvalents of a compound of the formula {IXa)
or (IXb):

Py-(Y)m-L-Xs (1Xa)
Pi-Yz (IXb)

in the presence or absence of a catalyst, to give the macromer of the formula (l):

Pt‘(Y)m' (L‘x1)p'Q' (X1'L)p'(Y)m" P1 (')
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in which Y is a functional radical which is coreactive with Xs and is preferably -OH, -NH, -
COOH, -COCI, -COOR;, -CONCO.or -NCO, and the variables are as defined above, and in
which X, is formed from the reaction of X, with X, and Y is formed from the reaction of Y.
with Xs.

. The starting materiais of formula (V) for the preparation of the perfluoroalkyl ethers are
known and many are commercially available. For example, U.S. Patent No. 3,810,875 and
European Patent No. 0211237 (U.S. Patent No. 4,746,575) describe such compounds.
Ausimont, ltaly, markets perfluoroalky! ether dimethanols under the name Fomblin, for
example Fomblin ZDOL and Fomblin ZDOL-TX. Further Fomblin derivatives of the formula
(IV) are commercially available, including, for example, Fomblin ZDISOC, in which the
radical -Z-X; in the formula (IV) is CONH-CgH3(CHs)-NCO; Fomblin ZDEAL, in which the
radical Z-X, in the formula (IV) is -COORs; and Fomblin ZDIAC, in which the radical -2-Xs in
the formula (IV) is -COOH.

Bifunctional radicals having a substitution.pattern as per formula {V) exist in large numbers
and are commercially available. 'Examp!es,include._ without limitation thereto: diisocyanates,
such as isophorone diisocyanate and.2,2,4-trimethylhexane 1,6-diisocyanate; diots, such as
glycol and cyclohexane-1,2-diol; dicarboxylic acids, such as. adipic acid and malsic acid;
diamines, such as ethylenediamine and hexamethylenediamine, diesters, such as diethyl
phthalate and dibutyl malonate; derivatives containing various tunctional groupé, such as 2-
aminoethanol, monomethyl malonate, glycolic acid, salicylic acid, glycine and glycine methyl
ester.

Preference is given to bifunctional derivatives of the formula (V) which have different
reactivities irrespective of the nature of their functional radicals X4. In the case of identical
radicals X,, this is achieved, for example, through different steric requirements in the direct
vicinity of a radical X,. Examples thereof are isophorone diisocyanate, 2,2,4-
trimethylhexane 1,6-diisocyanate and toluene 2,4-diisocyanate. The advantage of using
bifunctional derivatives of formula (V) of different reactivity is that the chain length of
polymer Q (number of segments (a), (b) and (c)) is easily adjustable and controfiable.

a,w-substituted siloxanes of formula (VIl) are likewise commercially available, for example
a,w-hydroxypropyl-terminated polydimethyisitoxane KF6001 from Shin-Etsu.
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The novel compounds can be prepared in the presence or absence of a solvent. It is
advantageous to use a substantially inert solvent, i.e., one which does not pamcnpate in the
reaction. Suitable examples thereof are ethers, such as tetrahydrofuran (THF). dlethyl ether,
diethylene glycol dimethyl ether or dioxane, halogenated hydrocarbons, such as chloroform
or methylene chioride, bipolar abrotic solvents, such as acetonitrile, acetone,
dimethylformamide (DMF) or dimethyi sulfoxide (DMSO), hydrocarbons. such as hexane,
petroleum ether toluene or xylene. and furthermore pyridine or N-memylmorpholme

In the preparation of novel compounds, the reactants are adv‘aritag‘eousiy employed in
stoichiometric amounts. The reaction temperature can be, for example. from -30°C to
150°C, preferably from 0° to room temperature. The reacuon times are in the range of about -
16 minutes to 7 days, preferably about 12 hours If necessary, the reaction is carried out
under argon or nitrogen as protective gas. In urethane—formmg reactuons. a suitable catalyst,
for example, dibutylitin dilaurate (DBTDL), is advantageously added.

The present Material “B" furthermore relates to a polymer comprising a product of the
polymerization of at least one compound of formula (I) as defined above and, if desired, at
least one vinylic comonomer (a). In a preferred composition of a novel copolymer, the

| proportion by weight of a compound of formula () is in the range of 100 to 0.5%, in -
partlcular in the range of 80 to 10%, preferably in the range of 70 to 30%, based on the total A
polymer.

In a preferred polymer comprising a product of the polymerization of at least one
compound of the formula (I}, comonomer (a) is absent and the polymeris a homopolymer.

A comonomer (a) present in the novel polymer can be hydrophilic or hydrophobic or a
mixture thereof. Suitable comonomers are, in particular, those which are usually used in
the production of contact lenses and biomedical materials. A hydrophobic comonomer (a)
is faken to mean a monomér which typically gives a homopolymer which is insolubie in
water and can absorb less than 10% by weight of water. Analogously, a hydrophilic
comonomer (a) is taken to mean a monomer which typically gives a homopolymier which is
soluble in water or can absorb at lsast 10% by weight of water. Suitable hydrophobic
comonomers (a) are, without limitation thereto, C,-Cisalkyl and C,-CsCycloalkyl acrylates
and methacrylates, Cs-Ciealkylacrylamides and -méethacrylamides, acryloriitrile, methacrylo-
nitrile, vinyl C,-Cysalkanoates, C-Crsalkenes, C.-Cishaloalkenes, styrene, (lower alkyl)-
styrene, lower alky! vinyl ethers, Cz-Cioperfluoroalkyl acrylates and methacrylates and
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correspondingly partially fluorinated acrylates and methacrylates, C;-Cizperfluoroalkylethyl-

thiocarbonylaminoethyl acrylates and methacrylates, acryloxy- and methacryloxyalkyl-

~ siloxanes; N-vinylcarbazole, C-Calkyl esters of maleic acid, fumaric acid, itaconic acid,
mesaconic.acid and the like. : :

Preference is given, for example, to acrylonitrile, C-C.alkyl esters of vinylically.
unsaturated carboxylic acids having 3 to § carbon atoms or vinyl esters of carboxylic acids
having up to 5 carbon atoms. :

Examples of suitable hydrophobic comonomers (a) are methyl acrylate, ethyt acrylate,
propy! acrylate, isopropyl acrylate, cyclohexyl acrylate, 2-ethylhexyl acrylate, methyl .
methacrylate, ethyl methacrylate, propyl methacrylate, butyl acrylate, vinyl acetate, vinyl
propionate, vinyl butyrate, vinyl valerate, styrene, chloroprene, vinyl chioride, vinylidene
chloride, acrylonitrile, 1-butene, butadiene, methacrylonitrile, vinyitoluene, vinyl ethyi ether,
perfluorohexylethyithiocarbonylaminoethyl methacrylate, isobornyl methacrylate; trifiluoro-
ethyl methacrylate, hexafluoroisopropyl methacrylate, hexafluorobutyt methacrylate, tris-
trimethylsilyloxysilylpropyl methacrylate (TRIS), 3-methacryloxy propyipentamethyidisiloxane
and bis{methacryloxypropyl)tetramethyldisiloxane. .. :

Preferred examples of hydrophobic comonomers (2)-are methyl methacrylate, TRIS and
acryionitrile. :

Suitable hydrophilic comonomers (a) are, without this being an exhaustive list, hydroxyi-
substituted lower alky! acrylates and methacrylates, acrylamide, methacrylamide, (lower
alkyllacrylamides and -methacrylamides, ethoxylated acryiates and methacrylates, hydroxyl-
substituted (lower alkyl)acrylamides and -methacrylamides, hydroxyl-substituted lower alkyl
vinyl ethers, sodium vinyisulfonate, sodium styrenesulfonate, 2-acrylamido-2-
methylpropanesulfonic acid, N-vinylpyrrole, N-vinyl-2-pyrrolidone, 2-vinyloxazoline, 2-vinyl-
4,4'-dialkyloxazolin-5-one, 2- and 4-vinylpyridine, vinylically unsaturated carboxylic acids
having a total of 3 to 5 carbon atoms, amino{lower alkyl)- (where the term “amino” aiso
inciudes quaternary ammonium}, mono(lower alkylamino)(lower alkyl) and di(lower
alkylamino)(lower alkyl) acrylates and methacrylates, allyl alcohol and the like. Preference is
given, for example, to N-vinyl-2-pyrrolidone, acrylamide, methacrylamide, hydroxyl-
substituted lower alkyl acrylates and methacrylates, hydroxy-substituted (lower
alkyl)acrylamides and -methacryiamides and vinylically unsaturated carboxylic acids having
a total of 3 to 5 carbon atoms.
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Examples of suitable hydrophilic comonomers (a) are hydroxyethyl methacrylate (HEMA),
hydroxyethy! acrylate, hydroxypropyl acrylate, trimethylammonium 2-hydroxy
propyimethacrylate hydrochioride (Blemer® QA, for example from Nippon Oil),
dimethylaminoethyl methacrylate (DMAEMA), dimethylaminoethyimethacrylamide,
acrylamide, methacrylamide, N,N-dimethylacrylamide (DMA), aliyl alcohol, vinylpyridine,
glycerol methacrylate, N-(1,1-dimethyl-3-oxobutyl)acrylamide, N-vinyl-z-pyrroudone (NVP),
acrylic acid, methacryhc acid and the like.

Preferred hydrophilic comonomers (a) are trimethylammonium 2-hydroxy -
propylmethacrylate hydrochloride, 2-hydroxyethyl methacrylate, dimethylaminoethy!
‘methacrylate, trimethylammonium 2-hydroxypropylmethacrylate hydrochbnde. N,N-
dlmethyiacrylarmde and N-vnnyl-z-pyrrolldone '

The novel polymers are synthesized in a manner known per se from the corresponding
monomers (the term monomer here ailso including a macromer according to the definition of
the formula (1)) by a polymerization reaction customary to the person skilled in the art.
Usually, a mixture of the abovementioned monomers is‘warmed with addition of a free-
radical former. Examples of such free-radical formers are azoisobutyronitrile (AIBN),
potassium peroxodisulfate, dibenzoyl peroxide, hydrogen peroxide and sodium
percarbonate. If, for example, said compounds are warmed, free radicals form with
homolysis, and can then initiate, for example, a polymerization.

A polymerization reaction can particularly preferably be carried out using a phatoinitiator. In
this case, the term photopolymerization is used. In the photopolymerization, it is appropriate
to add a photoinitiator which can initiate free-radical polymerization and/or crosslinking by
using light. Examples thereof are customary to the person skilled in the art; suitable
photoinitiators are, in particular, benzoin methy! ether, 1-hydroxycyclohexyiphenyl ketone,
Darocur and Irgacur products, preferably Darocur® 1173 and Irgacur® 2859. Also suitable
are reactive photoinitiators, which can be incorporated, for example, into'a macromer, or
can be used as a specific comonomer (a). Examples thereof are given in European Patent
No. 0632329. The photopolymerization can then be initiated by actinic radiation, for
example light, in particular UV light having a suitable wavelength. The spectral requirements
can, if necessary, be controlled appropriately by addition of suitable photosensitizers.

A polymerization can be carried out in the presence or absence of a solvent. Suitable
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solvents are in principle all solvents which dissolve the monomers used, for example water,
alcohols,.such as lower alkanols, for example ethanol or methanol, furthermore
carboxamides, such as .dimethyl_f.orﬂuamide, dipolar aprotic solvents, such as dimethyl
sulfoxide or methyi ethyl ketone, ketones, for example acetone or cyclohexanone, -
hydrocarbons, foréxample. toluene, ethers, for example THF, dirhethoxyethane-or dioxane,
halogenated hydrocarbons, for example trichioroethane, and also mixtures of suitable
solvents, for example mixtures of water and an aicohol, for exampl_.é a Waterlathanol or
water/methanol mixture.

A polymer network can, if desired, be reinforced by addition of a crosslinking agent, for
example a polyunsaturated comonomer (b). In this case, the term crosslinked polymers is
used. The invention, therefore, furthermore relates to a crosslinked polymer combfising the
product of the polymerization of a macromer of the formula (1}, if desired with at least one
vinylic comonomer (a) and with at least one comonomer (b).

Exampies of typical comonomers (b} are allyl (meth)acrylate, lower alkyiene glycot
di{(meth)acrylate, poly(lower alkylene) glycol di{meth)acrylate, lower alkylene ..
di(meth)acrylate, divinyl ether, divinyl sulfone, di- and trivinylbenzene, trimethylolpropane
trilmeth)acrylate, pentaerythritol tetra(meth)acrylate, bisphenol A di(meth)acrylate,
methylenebis(meth)acrylamide, triallyt phthalate and dially! phthalate.

The amount of comonomer (b) used is expressed in a proportion by weight based on the
total polymer and is in the range from 20 to 0.05%, in particular in the range from 10 to
0.1%, preferably in the range from 2 to 0.1%.

3. Material “C”

Material “C” polymers are formed by polymerizing polymerizable macromers which contain
free hydroxyl groups. Macromers which are built up, for example, from an amino-alkylated
polysiloxane which is derivatized with at least one polyol component containing an
unsaturated polymerizable side chain are disclosed. Polymers can be prepared on the one
hand from the macromers according to the invention by homopolymerization. The
macromers mentioned furthermore can be mixed and polymerized with one or more
hydrophilic and/or hydrophobic comonomers. A special property of the macromers
according to the invention is that they function as the element which controls microphase
separation between selected hydrophilic and hydrophobic components in a crosslinked end
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product. The hydrophilic/hydrophobic microphase _se'baration is in the region of less than
300nm. The macromers are preferably'crosSIinked at the phase boundaries between, for
exaniple, an acrylate comonomer on the one hand arid an unsaturated polymerizable side
chain of polyols bonded to polysiloxane on the other hand, by covalent bonds and
additionally by reversible physlcal interactions, for example hydrogen bridges. These are

~ formed, for example, by numerous amide or urethane groups. The continuous siloxane
phase which exists in the phase composne has the effect of producing a surpnsingly high

permeability to oxygen.

- The present embodiment of the mventlon relates to a macromer compnsmg at least one
segment of the formula :

—a—Z—b—
0
d

in which

(a) is a polysiloxane segment, i

{b) is a polyol segment which contains at least 4 C atoms,

Z is a segment (c) or a group X,,

(c) is defined as Xo-R-X,, wherein

R is a bivalent radical of an organic compound having up to 20 C atoms and _

each X, independently of the other is a bivaient radical which contains at least one carbonyl
group,

X, is defined as X,, and

{d) is a radical of the formula (lI):

Xs-L-(V)-Py )

in which

P, is a group which can be polymerized by free radicals;

Y and X, independently of one another are a bivalent radical which contains at least one
carbonyl group;

kisOor1;and

L is a bond or a divalent radical having up to 20 C atoms of an organic oompound

A polysiloxane segment (a) is derived from a compound of the formula (1}):
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(i)

in which n is an integer from 5 to 500; .

'99..8-25% of the radicals R,, Ra, Rs, R4, Rs and Rs independently of one another are alkyl
and 0.2-75% of the radicals Ry, Rz, Rs, Rs, Rs and Re independently of one another are
partly fluorinated alkyl, aminoalkyl, alkenyl, aryl, cyanoalkyl, alk-NH-alk-NH, q_i'
alk-(OCH,)m-(OCH,),-OR;,

R, is hydrogen or flower alkyl, alk is alkylene, and

m and p independently of one another are an integer from 0 to 10, one molecule containing
at least one primary amino or hydroxy} group.

The alkylenoxy groups -(OCH.CH,)n and -(OCH,), in the siloxane of the formula (1) are
either distributed randomly in a figand alk-(OCH,CHa)m-(OCH;),-OR; or are distributed as
blocks in a chain. '

A polysiloxane segment-(a) is linked a total of 1-50 times; preferably. 2-30 times, and in
particular-4-10 times, via a group Z with a segment (b) or another segment (a), Zin.an
“a-Z-a” sequence always being a segment (c). The linkage site in a segment (a) with a
group Z is an amino or hydroxyl group reduced by one hydrogen.

In a preferred embodiment, a polysiloxane segment is derived from a compound of the
formula (I1l) in which the radicals R, Rz, Rs, R4, Rs and Rg are a total of 1-50 times, more
preferably 2-30 times, and in particular 4-10 times, independently either terminally or
pendently aminoalky! or hydroxyalkyl, the other variables being as defined above.

In a preterred embodiment, a polysiloxane segment is derived from a compound of the
formula (1lt) in which 95-29% of the radicals R,, Rz, Ry, R4, Rs and Rg independently of one
another are alky! and 5-71% of the radicals R,, Rz, Ra, R4, Rs and Rs independently of one
another are partly fiuorinated alkyl, aminoalkyl, alkenyl, aryl, cyanoalkyl, atk-NH-alk-NH, or
alk-(OCH.CH.)m-(OCH,),-OR;, and in which the variables are as defined above.

in a preferred meaning, n is an integer from 5 to 400, more preferably 10 to 250 and
particularly preferably 12 to 125.
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In a preferred meaning, the two terminal radicals R, and R are aminoalkyl or hydroxyalkyl,
the other variables being as defined above.

_ b
in another preferred meaning, the radicals R, and Rs are 1-50 times, more preferably 2-30 £
times and in particular 4-10 times pendently aminoalkyi or hydroxyalkyl and the other
variables are as defined above.

In another preferred meaning, the radicals Ri, R, Rs, R, Rs and R; are a total of 1-50 -
times, more preferably 2-30 times and in particular 4-10 times, independently both
terminally and pendently aminoalkyt or hydroxyalkyl and the other variables are as defined
above. |

If Zis X1, X, is a bivalent group which contains at least one carbonyl groub. A carbonyl
group mentioned is flanked in any manner, if appr,opriate, by -O-, -CONH-, -NHCO- or -NH-.

Examples of bivalent groups Z are typically carbonyls, esters, amides urethanes, ureas or
carbonates.

X, is preferably an ester, amide, urethane or urea group, in partlcular an ester or amide
group.

X is defined in the same way as X; and is preferably an ester, amide, 'Urethaiie, carbonate
or urea group, more preferably an ester, amide, urethane or urea group and in particular an
amide, urethane or urea group.

If Z in formuia (J) is X, a polyol segment b is preferably understood as mee‘ninb a polyol
derived from a carbohydrate, carbohydrate monolactone or carbohydrate dilactone. A
carbohydrate is understood as meaning a mono-, di-, tri-, tetra-, oligo- or polysaccharide. A
carbohydrate lactone is understood as meaning the lactone of an aldonic or uronic acid. An
aldonic or uronic acid is, for example, a carboxylic acid formed by oxidation of a mono-, di-,
tri-, tetra-, oligo- or polysaccharide. Examples of aldonic acid lactones are gluconolactone,
galactonolactone, lactobionolactone or maltoheptaonolactone; examples of uronic acid
lactones are glucuronic acid lactone, mannuronic acid lactone or iduronic acid lactone. An
exampie of a carbohydrate dilactone is D-glucaro-1,4:6,3-dilactone.
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A carbohydrate lactone reacts, for example, with a primary amino group or a hydroxy! group
of segment (a).to form a covalent amide or ester bond of the type X.. Such linkages are the
constituent of a further preferred embodiment of macromers. according to the invention.
Such macromers have an alternating distribution of segments of type (a) and (b) which are
interrupted by X;. '

This embodiment of the invention preferably relates to a macromer of the formula (IV):

a——X,-—

Q—u

V)

in which the variables are as defined above.

An embodiment of the invention furthermore preferably relates to a macromer according to
formula (V): '

d),
in which the polysiloxane segment (a) contains q pendent ligands,

Xis0,10r2,

q has an average numerical value of 1-20, preferably 1-10, and in particular 1-5, and
the segments (b) in a macromer according to the formula (V) are linked in total (per
molecule) with up to 20, preferably with up to 15, and in particular with up to 6 -
polymerizable segments (d).

An embodiment of the invention furthermore preferably relates to a macromer according to
formula (VI): ' : -' _
d)
(@ )
" in which a linear sequence is present, '

xis0,1or2,
g has an average numerical value of 1-20, preferably 1-10, and in particular 1-5,
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and the segments (b) in a macromer according to the formula (VI} are linked in total (per
molecule) with up to 20, preferably with up to 15, and in particular with upto 6
polymerizable segments (d).

An embodiment of the invention furthermore very preferably relates to a macromer
according to formula (Vil):

(d)x | Ay

b— X{— a—X;—b

in which x is 0, 1 or 2, and
-the average number of segments (d) per molecule of the formula (Vll) is preferably in the -
range from 2 to 5, and very preferably is in the range from 3 to 4.

A polyol segment (b) is derived from a polyol which carries no lactone group if the group Z
is a segment (c). Examples of such polyols are a 1,2-polyol, for example the reduced
monosaccharides, for example mannitol, glucitol, sorbitol or iditol, a 1,3-polyol, for example
polyviny! aicohol (PVA), which is derived from partly or completely hydroiysed polyvinyl

acetate, and furthermore amino-terminal PVA telomers, aminopolyols, aminocyclodextrins, -

aminomono-, -di-, -tri-, -oligo- or -polysaccharides or cyclodextrin derivatives, for example
hydroxypropyicyclodextrin. An abovementioned carbohydrate dllactone can be reacted, for
example, with preferably 2 equivalents of an amino-terminal PVA tslomer to glve a polyol
macromer which carries, in the central part, the carbohydrate compound derived from the
dilactone. Such polyols of this composition are likewise understood-to be a suitable polyol.

As illustrated in formula (f), a segment (b) carries at least one vinylic bolymerizéble segment
(d), a linkage of a segment (d) via the bivalent radical X, thereof to an amino or hydroxyl
group, of a segment (b), reduced by a hydroen atom being intended.

A vinylic polymerizable segment (d) is incofporated either terminally or pendently preferably
1-20 times, more preferably 2-15 times, and in particular 2-6 times, per macromer molecule
according to the invention.
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A vinylic polymerizable segment (d) is incorporated terminally and also pendently as desired
(as a terminal/pendent mixture) preferably 1-20 times, more preferably 2-15 times and in
particular 2-6 times, per. macromer molecule according to the invention.

A group P, which can ;be--polymeriZed"-by free radicals is, for example, alkenyl, alkenyiaryl or
alkenylarylenealky! having up to 20 C atoms. Examples of alkenyl are vinyl, allyl, 1-propen-
2-yl, 1-buten-2- or -3- or -4-yl, 2-buten-3-yl and the isomers of pentenyl, hexenyl, octenyl,

. decenyl or undecenyl. Examples of alkenylaryl are vinyiphenyl, vinyinaphthyl-or allyiphenyl.
An example of alkenylarylenealkyl is vinylbenzyl. '

P, is preferably alkenyl or alkenylaryl having up to 12 C atoms, more preferably alkeny!
having up to 8 C atoms and in particular alkeny! having up to 4 C atoms.

L is preferably alkylene, arylene, a saturated bivalent cycloaliphatic group having 6 to 20
carbon atoms, arylenealkylene, alkylenearylene, alkylenearylenealkylene or
arylenealkylenearylene. -in a preferred meaning, L furthermore is preferably a bond.

In.a preferredmeaning, L is a divalent radical-having up to 12 C atoms, and more preferably. - -
a divalent radical having up.to 8-C atoms: in a preferred meaning, L furthermore is alkylene:
or arylene having up to 12 C atoms. A very preferred meaning of L is lower alkylene, in
particular lower alkylene having up to 4 G atoms.

Y is preferably a carbonyl, ester, amide or urethane group, in particular a carbonyl, ester or
amide group, and very preferably a carbonyl group.

In another preferred meaning, Y is absent, i.e., k is 0.

In a preferred meaning, X; is a urethane, urea, ester, amide or carbonate group, more
preferably a urethane, urea, ester or amide group, and in particular a urethane or urea

group.

* A vinylic polymerizable segment {d) is derived, for example, from acrylic acid, methacrylic
acid, methacryloy! chioride, 2-isocyanatoethyl methacrylate (IEM), allyl isocyanate, vinyl
isocyanate, the isomeric vinylbenzyl isocyanates or adducts of hydroxyethyl methacrylate
(HEMA) and 2,4-tolylene diisocyanate (TDI) or isophorone diisocyanate (IPD), in particular
the 1:1 adduct.
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The invention furthermore preferably relates to a macromer in which a segment (d) is
incorporated either terminally or pendentiy or as a terminal/pendent mixture 5 times.
The invention furthermore preferably relates to a macromer in which a segment (d) |s
incorporated terminally 5 tlmes

The diradical R is, for example, alkylene, aryiene, alkylenearylene, arylenealkyiene or
arylenealkylenearylene having up to 20 carbon atoms, a saturated bivalent cycloaliphatic
group having 6 to 20 carbon atons or cycloalkylenealkylenecycloalkylene having 7 to 20
carbon atoms

In a preferred meaning, R is alkylene, arylene, alkylenearylene, arylenealkylene or
arylenealkylenearylene having up to 14 carbon atoms or a saturated bivajent cycloaliphatic
group having 6 to 14 carbon atoms.

in a preferred meaning, R is alkylene, arylene, alkylenearylene or arylenealkylene having up
to 14 carbon atoms, or a saturated bivalent cycloallphatlc group having 6 to 14 carbon
atoms. Ina praferred meaning, R is alkylene or arylene having up to 12 carbon atoms, or a
saturated bivalent cycloaliphatic group having 6 to 14 carbon atoms. '

in a preferred meaning, R is alkylene or arylene having up to 10 carbon atoms, oris a
saturated bivalent cycloaliphatic group having 6 to10 carbon atoms.

In a very preferred meaning, a segment (c) is derived from a diisocyanate, for example from
hexane 1,6-diisocyanate, 2,2,4-trimethylhexane 1,6-diisocyanate, tetramethylene
diisocyanate, phenylene 1,4-diisocyanate, toluene 2,4-diisocyanats, toluene 2,6~ -
diisocyanate, m- or p-tetramethyixylene diisocyanate, isophorone dnsocyanata or
cyclohexane 1,4-diisocyanate.

A preferred embodiment of segment (c) is furthermore derived from a diisocyanate in which
the isocyanate groups have different reactivities. The different reactivity is influenced, in
particular, by the spatial requirements and/or electron density in the neighbourhood of an
isocyanate group. o

" The average molecular weight of a macromer according to the invention is preferably in the
range from about 300 to about 30,000, very preferably in the range from about 500 to about
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20,000, more preferably in the range from about 800 to about 12,000, and particularly
preferably in the range from about 1000 to about 10,000.

A preferred embodiment of the macromer has a segment sequence-.of.thé .fbrmula"_(Vll!.):
b-Z-a-{c-a}~(Z-b): (v

in whnch risan mteger from 1 to 10, preferably from1to 7, and in pamcular from 110 3;
tis 0 or 1, and preferably 1; -

a linear (c-a) chain which may or may not be terminated by a segment (b) is present (t=1 )
and the above preferences apply to the total number of segments (d), which are preferably
bonded to a segment (b).

A preferred embodiment of the macromer has a segment seqdence Sf formula (IX):
b-Z-a-{c-a-{Z-b)}- x)

in which the:sequence (c-a)-(Z-b) hangs pendently r times on the segment (a) and may-or -
may not be terminated.by a segment.(b);:

ris an integer from: 1 to0.10, preferably from 1.to 7,.and-in. partlcular from: 1 to 3

tisOor 1, and is preferably 1; :

Z is a segment (c) or a group X,; and

the above preferences apply to the total number of segments (d), which are preferably
bonded to a segment (b). |

Another preferred embodiment of the macromer has a segment sequence of formula (X):
b-c-{a-ch-B 0
in-which s is an integer from 1 to. 10, preferably from 1 to 7, and in particular from 1 to 3;

B is a segment (a) or (b); and :
the above preferences apply to the number of segments (d}, which are bonded to a

segment (b).

Ancther preferred embodiment of the macromer has a segment sequence of the formula
(Xn:
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B-(c-b)s-Z-a-(b) ' : <n
- - b
in which the structures are linear,
s is an integer from 1 to 10, preferably from 1 to 7, and in particular from 1 1o 3; .
B is a segment (a) or (b); E:-
tisQor1,and

the above preferences apply to the number of segments (d), which are bonded to a
sagmant (b). 3 .

The ratio of the number of segments (a) and (b) in a macromer according to the Material “C"
embodiment of the invention is preferably in a range of (a):(b)=3:4, 2:3, 1:2, 1:1, 1:3 or 1:4.

The total sum of segments {a) and (b) or, where appropriate, (a) and (b) and {c}isina
range from 2 to 50, preferably 3 to 30, and in particular in the range from 3 to 12.

Alkyl has up to 20 carbon atoms and can be straight-chain or branched. Suitable examples
include dodecyl, octyl, hexyl, pentyl, butyl, propyi, ethyl, methyl, 2-propyl, 2-butyl or 3-pentyl. :3'45

Arylene is preferably phenyiene or naphthylene, which is unsubstituted or substituted by
lower alkyl or lower alkoxy, in particular 1,3-phenylens, 1 .4-phanylene or methyl-1,4-
phenylene; or 1,5-naphthylene or 1,8-naphthylens. =

Aryl is a carbocyclic aromatic radical, which is unsubstituted or substituted by preferably
lower alkyl or lower alkoxy. Exampies are phenyl, toluyl, xylyl, methoxyphenyl, t-butoxy-
phenyl, naphthyl or phenanthryl.

A saturated bivalent cycloaliphatic group is preferably cycloalkylene, for example
cyclohexylene or cyclohexylene-lower alkylene, for exampie cyclohexylenemethylene, which
is unsubstituted or substituted by one or more lower alkyl groups, for example methyl
groups, for example trimethylcyclohexylenemethylene, for example the bivalent isophorone
radical. C

The term “lower” in the context of this invention in.connection with radicals and compounds,
unless defined otherwise, means, in particular, radicals or compounds having up to 8
‘carbon atoms, preferably having up to 4 carbon atoms.-
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Lower alkyl has, in particular, up to 8 carbon atoms, preferably up to 4 carbon atoms, and
is, for example, methyl, ethyl, propyl, butyl, tert-butyl, pentyl, hexyl or isohexyl.

Alkylene:has up to 12 carbon atoms and can be straight-chain or branched. Suitable
examples: include.decylene;.octylene, hexylene, pentylens, butylene, propyl}en_e, ethylene,
methylene, 2-propylene, 2-butyiene or 3-pentylene.

Lower alkylene is alkylene having up to 8, and particularly preferably having' up to 4 carbon
atoms. Particularly preferred éxamples of lower alkylenes are propyiene, ethylene and
methylene.

The arylene unit of alkylenearylene or arylenealkylene is preferably phenylene, which is
unsubstituted or substituted by lower alkyl or lower alkoxy, and the alkylene unit of this is
-preferably lower alkylene, such as methylene or ethylene, in particular methyiene. Such -
radicals are therefore preferably phehylenemethylene or methylenephenylene;

Lower alkoxy has, in particular, up to 8 carbon atoms, preferably up to 4 carbon atoms, and .
is, for example, methoxy, ethoxy, propoxy, butoxy, tert-butoxy or hexyloxy.

Partly fluorinated alkyl is undarstoodf-'_a_s- meaning alky! in- which up to:80%, .-pkqfera_bly upto
70%, and in particular up to 50%, of the hydrogens are replaced by fluorine.

Arylenealkylenearylene is preferably phenylene-lower alkylene-phenylene having up to 8,
and in particular having up to 4 carbon atoms in the alkylene unit, for example
phenylenethylensphenyiene or phenylenemethylenephenylens.

A monosaccharide in the context of the present invention is understood as meaning an
aldopentose, aldohexose, aldotetrose, ketopentose or ketohexose.

Examples of an aldopentose are D-ribose, D-arabinose, D-iylose or D-lyose; exampies of
an aldohexose are D-allose, D-altrose, D-glucose, D-mannose, D-gulose, D-idose, D-
galactose, D-talose, L-fucose or L-rthamnose; examples of a ketopentose are D-ribulose or
D-xylulose; examples of a tetrose are D-erythrose or threose; and examples of a
ketohexose are D-psicose, D-fructase, D-sorbose or D-tagatose. Examples of a
disaccharide are trehalose, maltose, somaltose, cellobiose, gentiobiose, saccharose,
{actose, chitobiose, N,N-diacetylchitobiose, palatinose or sucrose. Raffinose, panose or
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maltotriose may' be mentioned as an ekample ofa trisacéharide. Examples of an

oligosaccharide are mattotetraose, maltohexaose, 'éhitoheptaose and furthermore cyclic
oligosaccharides, such as cyclodextrins.

Cyclodextrins contain 6 to 8 identical units of a-1 .4-glucose.' Some examples are o-, B- and
y -cyclodextrin, derivatives of such cyclodextrins, for example hydroxypropylcyclodextrins,
and branched cyclodextrins.

The macromers according to this embodiment of invention can be prepared by processes
known per se, for example as follows. :

In a first step, a polysiloxane containing at least one primary amino- or hydroxyalkyl
group is reacted with a carbohydrate lactone, an amide or ester bond bemg formed and a
compound of the formula (Xlla) or (Xllb) belng formed:

(@Zb)  (Xla)
a-Zbl,  (aIb)

in which the variables are as defined above and "Z":"ls a group X,
after which the compound (XII) is reacted with an unsaturated polymerizable compound of
the formula {Xi):

Xe-L-(¥)P; &

in which X,is a grotip which is coreactive with a hydroxyl or amino group of segment (b),

an X, group of a segment (d)'according to formuia (II) being formed from such a reaction,
- where X, is preferably -COOH, -COORs, -COCI or -NCO, in which

R is alkyl, or is aryl which is unsubstituted or substituted by lower alkyl or lower alkoxy,

and the other variables are as defined above,

after which a macromer according to the formula (IV) or (V) is formed:

a—X,—-b a—('x1_b)q

| 0 S V)
d . : - {d)y

in which the segments (d) are incorporated terminally or pendently.
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Another: process:starts from a polysiloxane () :which contains terminal.primary amino- or
hydroxyalkyl groups and is reacted with a carbohydrate dilactone to form linear structures -
of the formula (XIV):.

V)

in which the variables are as defined and preferred above, aftar which a compound of the
formula (XIV) is reacted with a compound of the formula {X!il) analogously to the above
process to give a macromer of the formula (VI):

(e Vi

in which the variables are-as:defined and preferred above.

Another process starts from '-a=pblysiloxane' (a) which contains terminal primas_'._y amino--or
hydroxyalkyl:groups.and is initially reacted with a bifunctional.compound of the formula
xXv):

XeRXe (XV)

~ in which X, is a group which is coreactlve with a hydroxyl or amino group of segment (a),

an X, group of a segment (c) being formed from such a reaction, where X, is preferably
-COOH, -COOR;0, ~COCI or -NCO, in which Ry, is alkyl, or aryl which is unsubstituted or
substituted by lower alkyl or lower alkoxy, and R is as defined above,

after which this mtarmedlate is reacted with a polyol which carries no lactone group to give
& compound of the formula (XVI):

b-c-{a-C}s-b " (Xvi)
in which the variables are as defined and preferred above, after which the compound of the

formula (XVI) is reacted with a compound of the formula (Xl{f) to give a macromer of the
formula (X): '
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b-c-{a-c}s-B ' X)

in which s is an integer from 1 to 10, preferably from 1 to 7, and in particular from 1 to 3;
B is a segment (a) or (b); and the above preferences apply to the number of segments (d)
which are bonded to a segment (b). '

Ancther process starts from a bifunctional compound of the formula (XV):
X.-H-_X. V)

which is reacted with an excess of polysitoxane (a) to give an -a-(c-'a),'-' eequence-, in which
the above meanings apply, after which, in a second step, the intermediate is reacted with a
polyol which carries no lactone to give a compound of the formula (XVII):

b-Za-fcahZb OV

after which the compound (XVIi} is reacted with the compound (XHil) to give a macromer of
the formula (VIlI):

b-Z-a-{c-a}~(Z-b): W11}

in which r is an integer from 1 to 10, preferably from 1 to 7, and in particular from 1 to 3; tis
O or 1, and is preferably 1; in which a linear (c-a) chain, which may or may not be terminated
by a segment (b), is present {t=1); and the above preferences apply to the total number of
segments (d), which are preferably bonded to a segment (b).

Another process starts from a carbohydrate lactone which is reacted in a‘first step with a
compound of the formula (XIll), the lactone function being retained, after which the
intermediate is reacted with a polysiloxane containing at least one amino or hydroxyl group
to give a compound of the formula (IV) or (V):

a—X;—b a—tX;—blq

V) v
d - : (d)x o - .
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in which q is typically 1 or 2, and in which the above meanings and preferences otherwise
apply, and the segments (d) are incorporated terminally or pendently.

The present embodiment of the invention furthermore relates to the intermediates which are
novel and which occur during synthesis of the macromers according to the invention.

The invention therefore furthermore relates to a compound of the formula (Xlia):

(@-Z-b)q Xiia)

in which q is greater than 1, _
(a) . is derived from a polysiloxane as defined by formula (l) above and
(b) is derived from a carbohydrate dilactone.

An embodiment of the invention furthermore relates to a compound of the formuia (XItb):

a-(Z-b), (Xiib)

in which Z, (b) and q are as defined and preferred above, but with the' proviso that a
segment (a) is derived from a compound of the formuta (Il):

I _ ?'2 . 74
Al oAl

-in which n is an integer from 5 to 500;
99.8 - 25% of the radicals R, Rz, Rs, R4, Rs and Rg independently of one another are alkyl
and 0.2 - 75 % of the radicals R, Rz, Rs, R, Rs and R, independently of one another are
partly fluorinated alkyl, aminoalkyl, alkenyl, aryl, cyanoalkyl, alk-NH-Alk-NH; or
alk-(OCH:CHz)m-(OCH,),-OR; in which R; is hydrogen or lower alkyl, alk is alkyiene and
m and p independently of one another are an integer from 0 to 10, one molecule containing
at least one primary amino or hydroxyl group and at least one partly fluorinated alkyl group.

(1)

The invention furthermore relates to a compound of the formula (XVI1):
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b-c{a-c}s-b Xvi)

in which a segment (b) is derived from a polyol which carries no lactone and the other
variables are as defined and preferrqd above.

An embodiment of the invention furthermore relates to a compound of the formula (XVH):
b-Z-a-{c-ah-Z-b OvIY

in which a segment (b) is derived from a polyol which carries no lactone and the other
variables are as defined and preferred above.

A siloxane (a) containing at least one primary amino or hydroxyl group is, for exampile,
commercially obtainable. Examples are KF-6002, KF-8003, X-22-161C (Shin Etsu) or GP4
(Genesee). Other siloxanes can be synthesized with the aid of published processes.

A polyol (b) required for the synthesis is as a rule commercially obtainable. Examples are
gluconolactone or lactobionolactone. Otherwise, they can be synthesized with the aid of a
published process.

The compounds according to the invention can be prepared in the presence or absence of
a soivent. A solvent which is largely inert, i.e., does not participate in the reaction, is
advantageously used. Suitable examples of these are ethers, such as tetrahydrofuran
(THF), 1,2-dimethoxyethane, diethylene glycol dimethyl ether or dioxane, halogenated
hydrocarbons, such as chioroform or methylene chioride, bipolar aprotic solvents, such as
acetonitrile, acetone, dimethylformamide (DMF) or dimethyl sulfoxide (DMSO),
hydrocarbons, such as toluene or xylene, and furthermore pyridine or N-methyimorpholine.

The reactants are advantageously employed in stoichiometric amounts for the preparation
of the compounds according to the invention. The reaction temperature can be, for
example, from -30°C to 150°C. The range from 0°C to 40°C is a preferred temperature
range. The reaction times here are in the range from about 15 minutes to 7 days,
preferably in the region of about 12 hours. If necessary, the reaction is carried out under
argon or nitrogen as an inert gas. A suitable catalyst is advantageously added for urethane-
forming reactions, for example dibutyltin dilaurate (DBTDL).
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The present invention furthermore relates to a polymer comprising a polymerization product
of at least one macromer according to the invention as defined above and, if appropriate, at
least one vinylic comonomer (a).

The preferred composition of a polymer according to the invention comprises a weight
content, with respect to the total polymer, of a macromer according to the invention in the
range from 100 to 0.5%, in particular in the range from 80 to 10%, and pfeferably in the
range from 70 to 30%.

in a preferred polymer comprising a polymeﬁiation product of at least one macromer
according to the invention, comonomer (a) is absent and the polymer is preferabl_y a
homopolymer. -

A comonomer (a) which is contained in a polymer according to the invention can be
hydrophilic or hydrophobic or a mixture of both. Suitable comonomers include, in particular,
those which are usually used for the preparation of contact lenses and biomedical
materials. ' : '

A hydrophobic comonomer (a) is understood as meaning monomers which typically give, as
a homopolymer, polymers which are water-insoluble and can absorb less than 10% by
‘weight of water. .

Analogously, a hydrophilic comonomer (a) is understood as meaning a monomer which
typicalily gives, as a homopolymer, a polymer which is water-soluble or can absorb at least
10% by weight of water.

Suitable hydrophobic comonomers (a) include, without this list being exhaustive, C;-Chealkyl
and Cs-Cyscycloalkyl acrylates and methacrylates, Cs-Crealkylacrylamides and -methacryl-
amides, acrylonitrile, methacrylonitrile, vinyl C,-C,salkanoates, C-Cisalkenes, C»-Cyghalo-
alkenes, styrene, lower alky! styrene, lower alkyl vinyl ethers, C,-Cioperfiuoroalky! acrylates
and methacrylates or correspondingly partly fluorinated acrylates and methacrylates, C3-Cia
perfluoroalkyl-ethyl-thiocarbonylaminoethyl acrylates and methacrylates, acryloxy- and
methacryloxy-alkylisiloxanes, N-vinylcarbazole and C.-C,zalkyl esters of maleic acid, fumaric
acid, itaconic acid, mesaconic acid and the like. Preferred comonomers are, for example,
acrylonitrile, C,-Caalkyl! esters of vinylically unsaturated carboxylic acids having 310 §
carbon atoms, or vinyl esters of carboxylic acids having up to 5 carbon atoms.
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Examples of suitable hydrophobid comonomers (a) include methy! acrylate, ethyl acrylate,
propyl acrylate, isopropyl acrylate, isobutyl acrylate (IBA), isooctyt acrylate (OA), isodecyl
acrylate (DA}, cyclohexyl acrylate, 2-ethythexyl acrylate (EHA), methyl methacrylate, ethyl
methacrylate, propyl rnethacryla’te. butyl acrylate, vinyl acetate, vinyl propionate, vinyl
butyrate, vinyl valerate, styrene, chloroprene, vinyt chioride, vinylidene chloride, acrylonitrile,
1-bytene, butadiene, methacrylonitrile, vinyl toluene, vinyl ethy! ether, perfiuorohexyi-
ethylthiocarbonylaminoethyl methacrylate, isobornyl methacrylate, trifluoroethyl meth- .
acrylate, hexafiuoroisopropyl methacrylate, hexafiuorobutyl (meth)acrylate (HFBMA and
HFBA), tns-trimemylsnyloxy-silyl-propyl methacrylate (TRIS), 3-methacryloxypropyipenta-
methyidisiloxane and bis(methacryloxypropyl) tetramethyldrsrloxane.

Preferred exampies of hydrophobic comonomers (a) are methyl methacrylate. IBA, HFBA,
HFBMA OA, EHA DA. TRIS and acrylonitrile.

Suitable hydrophilic comonomers (a) include, without this list being conclusive, hydroxyl-
substituted lower alkyl acrylates and methacrylates, acrylamide, methacrylamide, lower
alkylacrylamides and -methacrylamides, ethoxylated acrylates and methacrylates, hydroxyl-

, substituted lower alkylacrylamides and -methacrylamides, hydroxyl-substituted lower alkyl
vinyl ethers, sodium vinylsulfonate, sodium styrenesulfonats, 2-acrylamido-2-methyl-
propanesulfonic acid, N-vinylpyrrole, N-vinyl-2-pyrrolidone, 2-vinyloxazoline, 2-vinyl-4,4'-di-
alkyloxazolin-5-one, 2- and 4-vinylpyridine, vinylically unsaturated carboxylic acids having a
total of 3 to 5 carbon atoms, amino-lower alkyl (where the term “amino” also includes
quaternary ammonium), mono-lower alkylamino-lower alkyl and di-lower alkylamino-lower
alkyl acrylates and methacrylates, allyl alcohol and the like. Preferred comonomers are, for
example, N-vinyl-2-pyrrolidone, acrylamide, methacrylamide, hydroxyl-substituted iower
alkyl acrylates and memaéryla'tes, hydroxyl-subsﬁtuted'lower alkylacrylamides and -meth-
acrylamides and vinylically unsaturated carboxylic acids havmg a total of 3 to 5 carbon
atoms. '

Exampies of suitable hydrophilic comonomers (a) include hydroxyethyl methacrylate
(HEMA), hydroxyethyl acrylate, hydroxypropyl acrylate, trimethylammonium-2-hydroxypropyi
~ methacrylate hydrochloride (Blemer®QA, for example from Nippon Oil), dimethylaminoethy!
“methacrylate (DMAEMA),‘ dimethylaminoethyl methacrylamide, acrylamide, methacrylamide,
N,N-dimethylacrylamide (DMA), allyt alcohol, vinylpyridine. glycerol methacrylate, N-(1,1-

ey g

el
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dimethyl-3-oxobutyl)acrylamide, N-vinyl-2-pyrrolidone (NVP), acrylic acid, methacrylic acid
and the like.

Préferred hydrophilic comonomaers (a) are 2-hydroxyethyl methacrylate, dimethylaminoethyl
methacrylate, trimethylammonium-2-hydroxypropyl methacrylate hydrochloride, N.N- -
dimethylacrylamide and N-vinyl-2-pyrrolidone.

The polymers according to the invention are built up in @ manner known per se from the
corresponding monomers (the term monomers here also including a macromer according to
the invention) by a polymerization reaction with which the expert is familiar. Usually, a
mixture of the abovementioned monomers is heated, with the addition of an agent which
forms free radicals. Such an agent which forms free radicals is, for example,
azoisobutyronitrile (AIBN), potassium peroxodisulfate, dibenzoyl peroxide, hydrogen
peroxide or sodium percarbonate. if the compounds mentioned are heated, for example,
free radicals are then formed, by homolysis, and can then, for example, initiate a
polymerization. :

A polymerization reaction can particularly preferably be carried out using a photoinitiator.
Photopolymerization is the term used in this case. For photopolymerization, a photoinitiator -
which can initiate free radical polymerization and/or crosslinking by the use of light is
suitably added. Examples of this are familiar to the expert, and specifically, suitable -
photoinitiators are benzoin methyl ether, 1-hydroxycyciohexyl phenyl ketone and Darocur
and Irgacur types, preferably Darocur 1173® and Darocur 2959® . Reactive photoinitiators
which can be incorporated, for example, into a macromer or can be used as a special
comonomer (a) are also suitable. Examples of these are to be found in EP 632 329. The
photopolymerization can then be triggered off by actinic radiation, for exampie light, in
particular UV light of a suitable wavelength. The spectral requirements can be controlied
accordingly, if appropriate, by addition of suitable photosensitizers.

.Polymerization can be carried out in the presence or absence of a solvent. Suitable
solvents are in principle all solvents which dissolve the monomers used, for example water,
aicohois, such as lower alkanols, for example ethanol or methanol, and furthermore
carboxylic acid amides, such as dimethylformamide, dipolar aprotic solvents, such as
dimethyl sulfoxide or methyl ethyl ketone, ketones, for example aceton_é_ or cyciohexanone,
hhydrocarbons, for example toluene, ethers, for example THF, dimethoxyethane or dioxane,
and halogenated hydrocarbons, for example trichloroethane, and also mixtures of suitable
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solvents, for example mixtures of water with an alcohol, for example a water/ethanol or a
water/methano! mixture. -

If appropriate, a polymer network can be intensified by addition of a so-called crosslinking
agent, for example a polyunsaturated comonomer (b). The invention furthermore relates to
a polymer comprising the polymerization product of a macromer according to the invention
with, if appropriate, at least one vinylic comonomer (a) and with at least one comonomer (b).

Examples of typical comonomers (b) are, for example, allyl{meth)acrylate, lower alkylene -
glycol di(meth)acrylate, poly lower alkylene glycol di{meth)acrylate, lower alkylene.
di(meth)acrylafe. divinyi ether, divinyl sulfone, di- or trivinylbenzene, trimethylolpropane
triimeth)acrylate, pentaerythritol tetra(meth)acrylate, bisphenol A di(meth)acrylate,
methylenebis(meth)acrylamide, triallyl phthalate or diallyl phthalate.

The amount of comonomer (b) used is expressed in the weight content with respect to the
total polymer and is in the range from 20 to 0.05 %, in particular in the range from 10 to
0.1%, and preferably in the range from 210 0.1%.

4. “Material D"

Another advantageous embodiment of the present invention relates to the use of a
siloxane-containing macromer which is formed from a poly(dialkyisiloxane) dialkoxyalkanol
- having the following structure:

o P
Ho—a1oh2—.-T _OTi ROR;—OH
Re | Pl |

where n is an integer from about 5 to about 500, preferably about 20 to 200, more
preferably about 20 to 100; :
the radicals R;, Rz, Ra, and R,, independently of one anothar. are lower alkylene, preferably
C:-Ce alkylene, more preferably C.-Cs alkylene, wherein in a preferred embodiment, the

'~ total number of carbon atoms in R, and R; or in Ry and R, is greater than 4; and
Rs, R, R;, and R are, independently of one anocther, lower alkyl, preferably Cy-Ce alkyl,
more preferably C,-C, alkyl.
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The general structure of the Material D macromer follows:
ACRYLATE - LINK-ALK-O -ALK- PDAS_ -ALK-0-ALK - LINK - ACRYLATE

where the ACRYLATE is selected from acrylates and methacrylates; LINK is salected from
urethanes and diurethane linkages, ALK - O - ALK is as defined above (R,-O-R; or
Rs-O-R.), and PDAS is a poly(dialkylsiloxane).

For example, a Material D macromer méy_ be pr'epared'by reacting isophorone dilsocyanate,
2-hydroxyethyi (meth)acrylate and a poly(dialkyisiloxane) dialkoxyalkanol in the presence of
a catalyst. -

A preferred Material D macromer may be prepared by reacting a slight excess of
isocyanatoalkyl methacrylate, especially isocyanatoethyl methacrylate (IEM), with a
poly{dialkyisiloxane). dialkoxyalkanol, preferably poly(dimsthylsiloxane) dipropoxyethanol, in
the presence of a catalyst, especially an organotin catalyst such as dibutyltin dilaurate
{DBTL). The primary resulting structure is as follows: | |

Ts T'r
| “160—"‘10“2—T‘ ' oT RgOR—Ry0,
Re | PRyl

wherein R, and Rayo are defined as follows:

Run: . Rmo:

Tto ﬁ H | | T ﬁ Tm
Hzc=c—c-—0'——H9— —-ocln-—-a, 1——0—— -—(:CHZ

|
H

where R; and Ry, are alkylene; preferably C,.¢ alkylene, more preferably ethylene; and Ryp
and R,» are methyl or hydrogen.

The “Material D" prepolymer mixture may be formed by mixing the aforementioned siloxane-
containing macromer with one or-more hydrophilic monomers and a thermoinitiator or a
photoinitiator such as Darocur® 1173. A solvent, such as hexanol, is preferably added to
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homogenize the mixture. Preferably, an appropriate amount of TRIS is added to lower the
modulus of elasticity to a desired level. The ionoperm monomer or monomers may be
selected from any of the aforementioned ionoperm or hydrophilic monomers. Preferably,
the ionoperm monomer is selected from the group eonsisting of acrylates, methacrylates,
acrylamides, methacrylamides and mixtures thereof. Mdrg preferably, the ionoperm
monomers are selected from diniethylat:rylamide (DMA) and mesthacrylic acid {MAA).

A preferred “Material D" prepolymer mixture, in weight percentages based on total mixture
weight, includes about 35 to 60% Material D macromer; about 6 to 25% TRIS; about 15to
35% ionoperm monomer; about 0.1 to 1% photoinitiator; and about 10 to 20% solvent. A
more preferred “Material D prepolymer mixture, in weight percentages based on total
mixture weight, includes the following: about 40 to 55% Material D macromer; about 8 to
16% TRIS; about 20 to 30% dlmethylacrylamlde. about 0.2 to 2% methacrylic acid; about

0.1 to 1% photoinitiator; and about 10 to 20% solvent. A particularly preferred “Material D"

prepolymer mlxture in weight percentages based on total mixture weight, inciudes the

" following: about 44 to 50% Material D macromer; about 10 to 12% TRIS; about 22 to 26%
'dlmeihylacrylamlde, about 0 to 1% methacrylic acid; about 0.2 to 0.6% photomltlator and
about 10 to 20% solvent.

The prepolymer mixture may be formed into lenses and other ophthalmic devices by any of
a number of techniques known in the art and disclosed herein. Preferably, the prepolymer
mixture is conveyed into a concave half of a lens mold, the convex mold half is mated with
the concave mold half, and an appropriate amount of radiation is applied to initiate
polymerization. While uitraviolet (UV) radiation is preferred, a number of other energy
sources known in the art and disclosed herein may also be used.

The Material D ophthalmic lens is preferably a polymerization product of the following
macromeric and monomeric components, based on total weight of polymerizable material:
(a) about 45 to about 65 percent Material D macromer;
(b) about 5 to about 25 percent TRIS; and
(c) about 20 to about 40 percent ionoperm monomer.

The Material D ophthaimic lens is more preferably a polymerization product of the following
macromeric and monomeric components, based on total weight of polymerizable material:
(a) about 50 to about 60 percent Material D macromer;
(b) about 10 to about 20 percent TRIS; and

o
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(c) about 25 to about 35 percent ionoperm monomer.

In a preferred embodiment, the Material D ophthaimic lens is a polymeﬁzation product of the
following macromeric and monomeric components, based. on total weight of polymerizable
‘material: -

(a) about 50 to about 60 percent Material D macromer;

(b) about 10 to about 20 percent TRIS;

(c) about 25 to about 35 percent DMA; and

(d) up to about 2 percent MAA.

in another preferred embodiment, about 0.2 to 1.0 weight percent MAA is used, together
with the components (a), (b), and (c) in the above-cited amounts,

n. OPHTHALMICALLY COMPATIBLE SURFACES

The ophthalmic lenses of the present invention have a surface which is,bloaofnpaﬁble with
ocular tissue and ocular fiuids during the desired extended period of contact. in one

preferred embodiment, the ophthalmic lenses of the present invention include acore
material, as defined above, surrounded, at least in part, by a surface which is more
hydrophilic and fipophobic than the core material. A hydrophilic surface is desirable in order
to enhance the compatibility of the lens with the ocular tissues and tear fluids. As surface
hydrophilicity increases, undesirable attraction and adherence of lipids and proteinaceous
matter typically decreases. There are factors other than surface hydrophilicity, such as
immunological response, which may contribute to deposit accumulation on the lens.
Deposition of lipids and proteinaceous matter causes haze on the lens, thereby reducing
visual clarity. Proteinaceous deposits may also cause other problems, such as irritation to
the eye. After extended periods of continuous or intermittent wear, the lens must be
removed from the eye for cleaning, i.e., deposit removal. Therefore, increased surface
hydrophilicity, and concomittent reductions in deposits of biological matter, aliows increased
wear time.

*Surface treatment processes", as used herein, refers to processes to render a surface
-more ophthalmically compatible, in which, by means of contact with a vapor or liq'uid. and/or

by means of application of an energy source (1) a coating is applied to the surface of an

article, (2) chemical species are adsorbed onto the surface of an article, (3) the chemical
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nature (e.g., electrostatic charge) of chemical groups on the surface of an article are
altered, or (4) the surface properties of an article are otherwise modified.

There are a variety of methods disclosed in the art for rendering a surface of a material
hydrophilic. For example, the lens may be coated with a layer of a hydrophilic polymeric
material. Afternatively, hydrophilic groups may be grafted onto the surface of the lens,
thereby producing a monolayer of hydrophilic material. These coating or grafting processes
may be effected by a number of processes, including without limitation thereto, exposing
the lens to plasma gas or immersing the lens in a monomeric solution under appropriate
conditions.

Another set of methods of altering the surface properties of a lens involves treatment prior
to polymerization to form the lens. For example, the mold may be treated with a plasma
(i.e., an ionized gas), a static electrical charge, irradiation, or other energy source, thereby
causing the prepolymerzation mixture immediately adjacent the mold surface to differ in

' eompositlon from the core of the prepolymenzauon mixture. SR

A preferred class of surface treatment processes are plasma processes, in which an ionized
gas is applied to the surface of an article. Plasma gases and processing conditions are o
described more fully in U.S. Patent Nos. 4,312,575 and 4,632,844, which are incorporated

herein by reference. The plasma gas is preferably a mixture of lower alkanes and nitrogen,

oxygen or an inert gas. - - :

in a preferred embodiment, the lens is plasma treated in the presence of a mixture of (a) a
C..¢ alkane and (b) a gas selected from the group consisting of nitrogen, argon, oxygen,
and mixtures thereof. In a more preferred embodlment, thelensis plasma treated in the
presence of a mixture of methane and air. :

iv. UTiLITy

A. Ophthaimic Lenses

The novel polymers or crosslinked polymers can be converted into ophthalmic moldings in a
manner known in the art, in particular into contact lenses, for example by carrying out the

photopolymerization or photocrosslinking of the novel polymers in a suitable contact lens
mold. Examples of novel ophthalmic moidings, in addition to contact ienses, inciude without
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. limitation thereto, contact lenses for vision correction, contact lenses for aye color
modification, ophthaimic drug delivery devices, ophthaimic wound healing devnces and the
like.

B. Contact Lenses

A specific embodlment of the inventlon is dlrected to contact lenses which comprise
essentially a novel polymer.or polymeric network. Such contact lenses have a range of

- unusual and extremely advantageous properties. Amongst these propemes are, for
example, their excellent compatibility with the human cornea (if necessary after suitable
surface treatment (coating)) and with tear fluid, which is based on a balanced ratio between
water content and water permeability, oxygen permeability and meehanieal and adsorptive
properties. This balance of desirable properties results in high comfort and the_ébsence of
irritation and allergenic effects. Owing to their favorable permeability properties with respect
to various salts, nutrients, water and diverse cther components of tear fiuid aﬁ_d gases (CO;
and O.), the nove! contact lenses have no etfect, or virtually no effect, on the natural
metabolic processes in the cornea. In contrast to many other siloxane.contain'ieg contact
lenses, the present innovative extended-wear ienses have chemical and mechanical
properties and ion permeability sufficient to. avoid the undesired binding effect..
Furthermore, the novel contact ienses have high dimensional stability and shelif iife.

It must be emphasized that this balance of properties, especially the high ion permeability in
combination with the high oxygen permeability, is key to producing a true extended-wear

- contact lens. The high oxygen permeability is required to prevent eemeal swelling, thereby
reducing the likelihood of ocular damage and wearer discomfort during per.iods'of extended
wear. The high ion permeability enables the lens to move on the eye such that corneal
health is not substantially altered and wearer comfort is acceptable during a period of
extended, continuous contact with ocular tissue and ocular fluids.

The preferred extended-wear contact lenses of the present invention are those which are
comfortable over the period of extended wear. If the lens diameter is too small, the eyelids
will not cover any portion of the lens when the eye is open. Thus, the eyelids will contact
* the edge of the lens each time the eyelid is closed. This repeated eyelid-lens interaction
" typically causes irritation, wearer discomfort, and lens dislodgement. Accordingly, the
‘preferred contact lens diameters are those which are sufficiently large to minimize eyelid-
lens interaction and the associated irritation. Preferably, the contact lens has a diameter of
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about 12 to about 16 mllllmeters more preferably about 13 to 15 mm, and most. preferably
about 13.5 to 14.8 mm. '

V. METHODS OF USE AS EXTENDED-WEAR LENSES

The above-described ophthaimic lenses have special uiility as extended-wear contact
lenses. Contact lenses having sufficient oxygen and water transmission rates from inner
(base curve) to outer (front curve) surface fnay be coritiniously worn for long periods of
time without substantial corneal swelling or wearer discomfort. The method of wear
includes (a) applying the lens to the eye and (b) allowing the lens to remain in intimate
contact with the eye and tear fluids for a period of at least 24 hours without substantial
adverse impact on cornea! health or wearer comfort.

A preferred method includes additional steps of (c) removing the lens from the ocular
environment; (d) treating the lens (i.e., disinfecting or cleaning the lens); (e) re-applying the
lens to the eye; and {f) allowing the lens to remain in intimate contact with the eye and tear
fluids for a period of at least an addnttonal 24 hours without substantial adverse umpact on
comeal health or wearer comfort.

in a preferred embodiment, the lens is womn for a continuous period of at ieast four (4) days
without substantial corneat swelling or wearer discomfort. in another preferred embodiment,
~ the lens is wom for a continuous period of at least seven (7) days without substantial
corneal swelling or wearer discomfort. in another preferred embodiment, the lens is worn
for a continuous period of at least 14 days without substantial corneal swelling or wearer
discomfort. In yét another preferred embodiment, the lens is worn for a continuous period
"of at least 30 days without substantial corneal swelling or wearer discomfort

VI. METHODS OF MANUFACTURE

The ophthalmic lens may be manufactured, géneral!y, by thoroughly mixing the oxyperm
and ionoperm polymérizable materiails, applying an appropriate amount of the mixture to a
lens moid cavnty, and initiating polymerization. Photoinitiators, such as those commercially
availabie phdtoinitiators disclosed above, may be added to the prepolymerization mixture to
aidin initiating polymerization. Polymerization may be initiated by a number of well known
techniques, which, depending on the polymerizable material, may include application of
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radiation such as microwave, thermal, e-beam and uitraviolet. A preferred method of
initiating polymerization is by application of uitraviolet radiation.

It has been discovered that the ion and/or water permeability of some of the _
aforementioned core materials may be increased by initiating and.completing polymerization -
in an atmosphere which is substantially free of oxygen. Suitable gases which are readily
commercially available include, without limitation thereto, nitrogen and carbon dioxide. -
Thus, in a preferred embodiment, the oxyperm and ionoperm polymerizable materials are
polymerized in an atmosphere having less than about 10000 ppm oxygen. More preferably, -
the atmosphere surrounding the polymerizable material contains iess than about 1000 ppm
oxygen. Even more preferably, the surrounding atmosphere contains less than about 100
ppm oxygen, while the most preferred oxygen content is less than about 20 ppm.

in the aforementioned embodiment, the prepolymer mixture must be degassed prior to
polymerization. The degassing may be accomplished by a number of techniques known in
the art. One technique for degassing the prepolymer mixture involves the use of a series of .
freezing and thawing steps which are repeated until the appropriate gas concentration level
is achieved in the prepolymer mixture. This freeze/thaw method.invoives cooling the
prepolymer mixture until the mixture sofidifies, applying a vacuum to the solidified.
prepolymer mixture, discontinuing the vacuum, and thawing the prepolymer mixture untit the
mixture is again in liquid form. While this degassing technique is advantageous in a
laboratory setting, other degassing techniques known in the art may be more advantageous
for commercial lens manufacturing processes.

Alternatively, the atmosphere surrounding the lens mold may include oxygen, under certain
conditionis. For example, if the lens mold halves seal adequately to one another and the
lens mold material has a low rate of oxygen permeability (e.g., polypropylene), it is possible
to polymerize a degassed prepolymer mixture in a mold surrounded by ambient air without
reaching prepolymer oxygen concentrations sufficiently high to substantially reduce ion or
water permeability of the final lens. - Thus, in another preferred embodiment of double-sided
molding, the lens is formed by the following steps: (1) the prepolymer mixture is degassed,
(2) a lens mold half is filled with the prepolymer mixture, (3) the mold halves are sealed to
one another, and (4) the polymerization is initiated to form the lens, where the lens mold
halves are formed from a material having a low oxygen permeability and steps (2)-(4) may
‘occur in the presence or-absence of oxygen. in this embodiment, it is preferred that the
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lens molds are stored in an inert substantially oxygen-free atmosphere, e.g., mtrogen or
carbon dioxide, prior to use. '

An essential feature of the manufacturing methods of the present innovative lenses is that a
balance of high oxye'n permeability and high ion permeability is achieved. Manufacturing
techniques and conditions which result in lowering either the oxygen permeability or the ion
permeability below leveis sufficient to maintain good corneal health and on-eye movement
during periods of extended wear are unacceptable to produce the innovative extended-wear
contact lenses of the present invention. '

Preferably, the manufacturing method produces a contact lens having a Dk/t of at ieast 70 -
barrers/mm and a lonoton lon Permeability Coefficient of at least 0.2 x 10°® cm?/sec. More
preferably, the manufacturing method produces a contact iens having a Dk/ of at least 75
barrers/mm and a lonoton lon Permeability Coefficient of at least 0.3 x 10° cm®/sec. The
manufacturing method preferably provides a contact lens having a Dk/t.of at least 87
‘barrers/mm and a lonoton lon Permeability Coefficient of at least 0.4 x 10 cm®/sec.

The previous disclosure will enable one having ordinary skill in the art to practice the
invention. In order to better enable the reader to understand specific embodiments and the
advantages thereof, reference to the following examples is suggested. However, the
following exampies should not be read to limit the scope of the invention.

Examples A-D are arranged in accordance with the materials defined above. Thus,
Exampies A-1, A-2, etc. relate to Material “A” as defined above, Examples B-1, B-2, etc.
relate to Material “B" as defined above, Examples C-1, C-2, etc. relate to Material “C", and
Examples D-1, D-2, etc. relate to Material “D”. Temperatures are stated in degrees Celsius
unless otherwise specified.

Examples E, F and G are directed to demonstrating a correlation between on-eye
movement and the lonoton lon Permeability Coefficient, the lonofiux lon Permeability
Coefficient, and the Hydrodell Water Permeability Coefficient, respectively.

EXAMPLE A-1

A polysiloxane macromer is prepared by reacting, at room temperature (about 21°C), one
mole equivalent (about 100 grams) of poly(dimethylisiloxane) dialkanol (Shin Etsu Chemical
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Co., Tokyo, Japan) having hydroxyethyl propoxy end groups with 2 mole equivalents (about
21.2 grams) of isophorone dnsocyanate {Aldrich Chemical Co., Milwaukee, Wssconsm) in
the presence of about 0.2 grams dibutyltin dilaurate catalyst (Pfaltz & Bauer, inc.,
Waterbury, Connecticut). After.about 48 hours reaction time, 2.02 mole equivalents (about
38.7 grams) of poly(ethylene glycol) ("PEG", about 610 g/mol Mn, Dow Chemical Corp.,

. Midland, Mi) and about 0.17 grams o_f_dibulyltin dilaurate (about 0.43% by weight PEG) are

added to 80 grams of the reaction product from the prior step. Sufficient chioroform {Aldrich
Chemical Co.) is added to the mixture to make the mixture hombgeneous’ This mixture is
stirred at room temperature for about 15 hours. Next, the mixture is stirred for about 8
hours at a temperature of about 44 to 48°C with the temperature held substantlally

- constant by a surrounding oil bath. The chloroform is then ev_aporated_, in order to achieve

a final concentration of about 50% by weight solids, by stirring the mixture at room
temperature for about 8 hours. Then, about 2.14 mole equivalents (about 10.4 grams) of
isocyanatoethy! methacrylate ("IEM", Monomer Polymer, inc., Feasterville, PA) is added to -
the mixture. Finally, the mixture is covered with aluminum foil and stirred at room
temperature for about 17 hours, yieldlng a polysiloxane-containing macromer havmg a
number-average molecular weight (Mn) of about 4000 grams per mole.

The _m_acromeric ._solution is then polymerized, in the pres_ence of about 0.5 weight bercent
DAROCUR® 1173 photoinitiator (Ciba-CGieigy Corporation, Ardsley, NY) to form contact
lenses. Polypropylene contact lens molds are filled with the oopolymer precursor solution.
Ultraviolet light (about 300 to 400 nm) at about 3-6 mW/cm? is applied to the solution in the
mold for about 3 hours at room temperature. The UV light, in conjunction with the
photoinitiator, causes polymerization, thereby allowing the solution to form a contact lens
having the shape of the mold. The lenses are extracted with isopropanol to remove the
remaining chioroform solvent and any unreacted_' components. The prodt.ic't isa
polysiloxane-containing polymeric contact lens.

Prior to taking oxygen permeability measurements, the lenses are hydrated by placing the
lenses in isotonic buffered saline solution for at least eight hours. After hydration, if
necessary because of handling, each lens is cleaned with MIRAFLOW® Daily Cleaner
(CiBA Vision Corporation, Duluth, Georgia) to remove grease and lipids prior to testing.
Excess MIRAFLOW® cleaner is removed by rinsing with saline or purified water.

Oxygen fluxes (J) are measured at 34f’C_ i_n a wet cell (i.e., gas streams are maintained at
about 100% relative humidity) using a Dk1000 instrument. Oxygen transmissibility, Dt is
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determined as outlined in the portions of the specrﬁcatlon relating to oxygen permeability
and transmissibility.

EXAMPLE A-2

A polysrloxane macromer is first prepared substantlally in accordance with the procedure
described in Example A-1.

A copolymer precursor solution is prepared by mixing about 180 grams polysiloxane-
containing macromer, about 15 grams 3-methacryloxypropyltns (trimethyisiloxy) silane (Shin
Etsu), about 4 grams 2-hydroxyethy| methacrylate ("HEMA"), about one gram ethylene
glycol dimethacrylate ("EDGMA"), and about one gram DAROCUR® 1173 photomltrator at
room temperature for about 16 hours

The cdpolymer precursor solution is then polymerized to form contact lenises.
Polypropylene contact lens molds are filled with the copolymer precursor solution.
Uttraviolet light (about 300 to 400 nm) at about 3-6 mW/cm2 is appiied to the solution in the
moid for about 3 hours at room temperature. The UV light causes polymerization, thereby
allowing the solution to form a contact lens having the shape of the mold. The lenses are

~ extracted with isopropanol to remove remaining chioroform solvent and any unreacted

components. A preferred res'ulting polymer contains about 81.8 weight percent -
polysiloxane macromer, about 13.6% TRIS, about 3.6% 2-hydroxyethyl methacrylate. and
about 0.9% EDGMA.

The contact iens is degassed by placmg the lens under suitable vacuum for a period
sufficient to remove substantially all gas from the lens matrix. Fully hydrated degassed
contact {enses having this composition have a Dk of about 87 barrers, a water content of
about 19 weight percent, and a modulus of elasticity of about 2.5 MPa.

EXAMPLE A-3

A contact lens is prepared substantially in accordance with the procedure described in
Example A-2, but ha\iing’ the final composition of about 19.5 weight percent polysiloxane
macromer, about 47% TRIS, and about 33.5% N,N-dimethylacrylamide. Fully hydrated
contact lenses having this composition have a Dk of about 49 barrers, a water content of
about 30 weight percent, and a modulus of elasticity of about 2.4 MPa.

I
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EXAMPLE A-4

A contact fens is prepared substantially in accordance with the procedure described in
Example A-2, but having the final composition of about 30 weight percent polysiloxane
-macromer, about 50% TRIS, and about 20% N,N-dimethylacrylamide. Fully hydrated
contact ienses having this composition have a Dk of about 76 barrers, a water content ot
about 20 weight percent, and a moduius of elasticity of about 1.3 MPa,

-EXAMPLE A5

A contact lens is prepared substantially in accordance with the procedure described in
Example A-2, but having the final composition of about 30 weight percent polysiloxane
macromer, about 40% TRIS, and about 30% N,N-dimethylacrylamide. Fully hydrated
contact lenses having this composition have a Dk of about 55 barrers, a water content of
about 30 weight percent, and a modulus of elasticity of about 3.5 MPa. |

EXAMPLE A-6

- Acontact lens is prepared substantially in accordance with the procedure describad in

" Example A-2, but having the final composition of about 30 weight percent polysiloxane

- macromer, about 60% TRIS, and about 10% N,N-dimethylacrylamide. Fully hydrated
contact ienses having this composition have a Dk of about 110 barrers, a water content of
about 8.7 weight percent, and a moadulus of elasticity of about 2.6 MPa.

EXAMPLE A-7

A contact lens is prepared substantially in accordance with the procedure described in
Example A-2, but having the final composition of about 30 weight percent polysiloxane
macromer and about 70% TRIS. Fully hydrated contact lenses having this composition
have a Dk of about 128 barrers and a water content of about 4.9 weight percent.

. 'EXAMPLE A-8
A contact lens is prepared substantially in accordance with the procedure described in
Example A-2, but having the final composition of about 30 weight percent polysiloxane
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macromer, about 45% TRIS, 5% fluoroacrylate, and about 20% N,N-dimethylacrylamide.

Fully hydrated contact lenses having this composition have a Dk of about 69 barrers, a
water content of about 20 weight percent, and a modulus of elasticity of about 1.4 MPa.

EXAMPLE A-9

A contact lens is prepared substantially in accordance with the procedure described in
Example A-2, but having the final composition of about 82 weight percent polysiloxane
macromer, about 14.4% TRIS, and about 3.7% 2-hydroxyethyl methacrylate. Fully hydrated
contact lenses having this composmon have a Dk of about 96 barrers, a water content of
about 19 weight percent, and a modulus of elasticity of about 1.8 MPa.

EXAMPLE A-10

A polysiioxane macromer is prepared substantially in accordance with the procedures
described in Example A-1, but the polyethylene glycol has a molecular weight of about 660.

-A contact lens is prepared substantially in accordance with the procedure described in
Example 2, but having the final composition of about 81.9 weight percent polysiloxane
macromer, about 13.6% TRIS, about 3.7% 2-hydroxyethyl methacryiate, and about 0.8%
ethylene glycol dima'tmcrylate' Fully hydrated contact lenses having this composition have
a Dk of about 81 barrers, a water content of about 20 weight percent, and a modulus of
elasticity of about 1.4 MPa.

EXAMPLE A-11

A contact lens is prepared substantially in accordance with the procedure described in
Exampie A-2, but having the final composition of about 82 weight percent polysiloxane '
macromer, about 8.6% TRIS, about 4.9% fluoroacrylate, about 3.5% 2-hydroxyethyl

methacrylate, and about 1% EDGMA. Fully hydrated contact lenses having this.

composition have a Dk of about 77 barrers, a water content of about 22 weight percent, and

a modulus of elasticity of about 1.3 MPa.
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EXAMPLE A-12

A contact lens is prepared substantially in accordance with the procedure described in
Example A-1, but the polysiloxane macromer used has hydroxy-sec-butyl end groups as
opposed to hydroxyethyipropoxy end groups. The fully hydraied contact lens, after
degassing, has a Dk of about 70 barrers, about a 22 weight percent water content, and a
modulus of elasticity of about 2.4 Mpa.

EXAMPLE B-1: Macromer synthesis

51.5 g (50 mmol) of the perfluoropolyether Fomblin® ZDOL (from A_usiniont S.p.A, Milan)
having a mean molecular weight of 1030 g/mol and containing 1.96meq/g of hydroxyl
groups according to end-group titration is introduced into a three-neck ﬂask'together with 50
mg of dibutyitin dilaurate. The flask contents are evacuated to about 20 mbar with stirring

' and subsequently decompressed with argon. This operation is repeated twice. 22.2g

* (0.1mol) of freshiy distilled isophorone diisocyanate kept under argon are SUbs'eqUently
added in a counterstream of argon. The temperature in the flask is kept below 30°C by

" cooling with a waterbath. After stirring overnight at room temperature, the reaction is
complete.. Isocyanate titration:gives an.NCO content of 1.40 méq/g (theory: 1.35 meg/g).

202 g of the a,w-hydroxypropyl-terminated polydimethylsiloxane KF-6001 from Shin-Etsu
having a mean molecular weight of 2000g/mol (1.00meq/g of hydrox;il groups according to
titration) are introduced into a flask. The flask contents are evacuated to approx. 0.1mbar
and decompressed with argon. This operation is repeated twice. The degassed siloxane is
dissolved in 202mi of freshly distilled toluene kept under argon, and 100mg of dibutyitin
dilaurate (DBTDL) are added. After complete homogenization of the solution, all the

* perflucropolyether reacted with isophorone diisocyanate {IPD!) is added under argon. After
stirring overnight at room temperature, the reaction is complete. The solvent is stripped off
under a high vacuum at room temperature. Microtitration shows 0.36meg/g of hydroxyl
groups (theory 0.37meqg/g). ' '

13.78 g (88.9 mmol) of 2-isocyanatoethyl methacrylate (IEM) are added under argon to
2479 of the a,w-hydroxypropyi-terminated polysilomne-perﬂuoropoIyether-pblysilomne
three-block copolymer (a three-block copolymer on stoichiometric average, but other block
lengths are also present). The mixture is stirred at room temperature for three days.
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Microtitration then no longer shows any isocyanate groups (detection limit 0.01meq/g).
0.34meq/g of methacryl groups are found (theory 0.34meq/g_).

The macromer prépared in this way is completely colourless and clear. It can be stored in

~ air at room temperature for several months in the absence of light without any change in

molecular weight.

EXAMPLE B-2: Macromer synthesis
The first step of the macromer synthesis described under Example B-1 is repeated. An
isocyanate fitration of the perfluoropolyether reacted with IPD! gives a content of 1.33meq/g

of NCO (theory 1 .35meq/g).

In a second step, 87.1g of the o, w-hydroxypropyl-terminated polydimethyisiloxane

_ TegomerH-Si2111 (Th. Goldschmidt AG, Essen) having a mean molecular weight of

890g/mol (2.25meq/g of hydroxyl groups according to titration) are dissolved in 87mi} of

toluene. After the reaction has been carried out as indicated under B-1 and the solvent has -

been removed, a hydroxy! group content of 0.66meq/g is determined by microfitration
(theory 0.60meq/g). The resultant intermediate is in turn reacted with a stoichiometric
amount of isocyanatoethyl methacrylate. Microtitration then no ionger shows any isocyanate
groups (detection fimit 0.01meg/g). 0.56meq/g of methacryl groups are found (theory
0.53meq/q). The macromer prepared in this way is completely colourless and clear and has
a long shelf life. :

EXAMPLE B-3: Macromer synthesis

The first step of the macromer synthesis described under Example B-1 is repeated, but
using a different perfluoropolyether: Fomblin® ZDOLTX (from Ausimont S.p.A.,

Milan). This material is terminated by O-CF»CH.-(OCH2CH,)~-OH (where n = 0, 1 or 2). The
material used has a mean molecular weight of 1146g/mol, and contains 1.72meq/g of
hydroxy! groups according to end-group analysis. An isocyanate titration of the

_ parﬂuoropolyether reacted with IPDI shows a content of 1 23meqlg of NCO (theory
1 25meqlg)

In the second step, a stoichiometric amount of Tegomer Hi-Si2111 and toluene are again
added. After the reaction has been carried out as indicated under Example B-1 and the

b

B

e
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solvent has been removed, a hydroxyl group content of 0.63meq/g is determined by
microtitration (theory 0.58meqg/g). The resultant intermediate is in turn reabted with a
stoichiometric amount of isocyanatosthyl methacrylate. Microtltratio_li then no longer shows
- any isocyanate groups (detection limit:0.01meq/g). 0.55meq/g of methacryl groups are
- found (theory 0.61meq/g). The macromer prepared in this way is completely colourless and
clear and has a long shelf life. -

EXAMPLE B-4: Macromer synthesis

The first step of the macromer synthesis described under Exampie B-1 is repeated, but
6.0 g of Fomblin/ZDOL and 2.18 g of IPDI are employed. When the reaction is complets,
microtitration shows an isocyanate group content of 1.31meq/g of hydroxyt groups (theory

1.36 meqg/g).

The second step of the synthesis described under Example B-1 is likewise carried out
analogously, the stoichiometric ratic between isocyanate-terminated perfluoropolyether and
hydroxypropyl-terminated polysiloxane being 2:3. After the reaction has been completed '
and the solvent has been removed, microtitration shows a content of O.Zmeqlg of hydroxyl

groups (theory 0.18meq/q). -

The third step of the synthesis described under Example B-1 is likewise carried out
analogously, JEM being employed in a precisely stoichiometric ratio. After the reaction, free
isocyanate groups can no longer be detected (detection limit 0.01 meqlg) 0.19meq/g of
methacryl groups are found (theory 0.1Smeq/g).

EXAMPLE - B-5: Production of contact lenses

13.0 g of macromer from Example B-1 are dissoived in 5.6 g of ethanol (Fluka, puriss. p.a.}
(70% by weight solution). After complete homogenization of the solution, 5.2 g of 3-
tris(trimethylsiloxy)silylpropyl methacrylate (TRIS from Shin-Etsu, product No. KF-2801). 78
g of freshly distilled dimethylacrylamide (DMA) and 160 mg of photoinitiator Darocur® 1173
(Ciba) are added. This solution is filtered through a Teflon membrane having a pore width of
0.45 mm under an argon pressure of from 1 to 2 atm. The filtered solution is frozen in a
flask in liquid nitrogen, the flask is evacuated under a high vacuum, and the solution is
returned to room temperature with the flask sealed. This degassing operation is repeated
twice. The flask containing the macromer/comonomer solution is then transferred into a
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glove box with an inert-gas atmosphere; where the solution is pipetted into dust-free
contact-lens moulds made from polypropylene. The motilds are closed, and the
polymerization reaction is effected by UV irradiation (15mWjcm®, 5 min.), with simultanaous
crosslinking. The moulds are then opened and placed in ethanol, causing the resuitant
lenses to swell out of the moulds. The lenses are extracted for 24 hours with constantly
replenished distilled dichloromethane and subsequentlj dried in a high vacuum. The dried
lenses are equilibrated in phosphate-buffered physiological saline solution in autoclave-
resistant vials and then autoclaved at 120°C for 30 minutes. All physical data
measurements are carried out on autoclaved lenses.

The lenses produced in this way are characterized by_lhe fa'llo‘winb values: axygen per-
meability (Dk) 77 barrer (determined by the “wet” method described below), water content of
the equilibrated lenses 32 percent by weight, elongation at break at 35°C 360%, modulus of
elasticity 30°C 0.5MPa {(measured using a Minimat from Polymer Laboratories, UK).

The oxygen permeability of a material is determined by the coulometric method. To this -
end, pre-autoclaved lenses are clamped i in a holder and then covered on the upper side
with a 2 cm layer of water. A gas mixture comprising 21% of oxygen and 79% of nitrogen is.
passed continuously through the water layer with swirling. The oxygen which diffuses
through the lens is measured using a coulometric detector. The reference values are those
measured on commercially available contact lenses using this method. - Cibasoft® (CIBA-
Vision, HEMA lens) gives a measurement of approx. 7-10 barrer, and Excelens® (CIBA-
Vision, PVA lens) gives a measurement of approx. 22 barrer.

Unfortunately, the oxygen permeability of, for example, contact ienses is frequently given in
the literature as a straight Dk value without further definition and frequently without giving

| any reference material. These are usually values determined on dry material (dry
measurement). A comparative measurement of the oxygen permeabmty of polymer B-5
shows the differences:
a) "wet” measurement: 77 barrer, but b) dry measurement: : 158 barrer

EXAMPLE B-8

The pfocess described under Example B-5 for the production of contact lenses is repeated,
but the mixture of comonomers has the following composition (in per cent by weight):
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55 % of macromer from Example B-1 _
22 % of TRIS

22.5 % of DMA

0.5 % of Blemer® QA

EXAMPLE B-7

The process described under Example B-5 for the production of contact lenses is repeated,
but the mixture of comonomers has the following composition (in percent by weight):

85 % of macromer from Example B8-1

22 % of TRIS

23 % of DMA

EXAMPLE B-8

Analogously to EXAMPLE B-5 (in weight percent):
40 % of macromer from Example B-1
30 % of TRIS
30 % of DMA

EXAMPLE B-9

- The process described under B-5 for the production of contact lenses is repeated, but a
70% by weight solution of the macromer in toluene is used instead of the 75% by weight
solution in ethanol described above. The mixture of comonomers has the following

" composition (in percent by weight): :

55 % of macromer from Example B-1

22 % of TRIS

23 % of DMA

" EXAMPLE B-10

The process described under B-5 for the production of contact lenses is repeated, but a
70% by weight solution of the macromer in octamethylcyclotetrasiloxane is used instead of
the 75% by weight solution in ethanol described above. The mixture of comonomers has
the foliowing composition (in percent by weight): '
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55 % of macromer from Example B-1 -

22 % of TRIS
23 % of DMA #
Physical measurement data for the contact lens materials from Examples B-5 to B-10 (O; _ 5

Dk value, wet method) are presented in TABLE B-I:

TABLE Bl
Example Water Content Dk 'Modulus of Elongation at
%] [barrer]  Elasticity Break
[MPa) [%]
B-5 a2 77 0.5 360
B-6 23.8 110 1.1 160
B-7 19.5 110 06 | 130
B-8 30.9 81 03 - ] > 300
B-9 30 | ' -
B0 25
EXAMPLE B-11

About 10.0 grams of macromer from Example B-1 are dissolved in 3.3 grams of ethanol
(Fiuka, puriss. p.a.). After complete homogenization of the solution, about 4.0 grams of 3-
tris(trimethyisiloxy)silyipropyl methacrylate (TRIS, from Sﬁin-_Etsu. product no. KF-2801),
about 5.9 g. freshly distilled dimethylacrylamide (DMA), about 0.1 g. Biemer® QA (a
methacrylate having quaternary ammo_nium sdb_s’tituents. Linz Chemie) and about 100 mg
of photoinitiator Darocur® 1173 (Ciba) are added. The solution is filtered through a
TEFLON membrane having a pore width of 0.45 mm under an argoh pressure of from about
1 to 2 atm.

The filtered solution is frozen in a flask in liquid nitrogen, the flask is evacuated under a high
vacuum, and the solution is returned to room temperature with the flask sealed. This
degassing operation is repeated twice. The flask containing the macromer/comonomer
solution is then transferred into a glove box with an inert gas atmosphere, where the
solution is pipetted into dust-frée, polypropylené contact lens molds. The molds are closed,
and the polymerization reaction is effected by UV irradiation; with simultaneous crosslinking.
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The molds are then opened and placed in isopropyl alcohol, causing the resultant lenses to
swell out of the molds. The lenses are extracted for about 24 hours with nearly continuous
replenishing of isopropyl alcohol. Subsequently, the lenses are dried under high vacuum.

The dried contact lenses are equilibrated in autoclave-resistant vials in-phosphate-buffered

physiological saline solution, and then autoclaved for 30 minutes at about 120‘0 Physlcal
measurement data for the autoclaved lens is presented below:

Dk [barrer]: © @3

water content {%]: 20.3%
modulus of elasticity {[Mpa]: @ 0.96
EXAMPLE B-12

Lenses are prepared in accordance with the procedures described in‘Examiple B-11, but are
subsequent surface treated as follows. The dried lenses are transferred intc a plasma
coating apparatus wherein they aré surface treated in a methane/"air” mixture (“air”, as used
here, denotes 79% nitrogen and 21% oxygen) for a period of about 5 minutes. ‘The
apparatus and plasma treatment process have been disclosed by H. Yasuda in “Plasma
Polymerization”, Academic Press, Orlando, Florida (1985), pages 319 forward.

The plasma-treated contact lenses are equilibrated in autoclave-resistant vials in
phosphate-buffered physiological saline solution, and then autoclaved for 30 minutes at
about 120°C. Physical measuremerjt data for the plasma-coated autociaved lens is

presented below: _ _

Dk [barrer]: . 88
water content [%]: 21.8%
modulus of elasticity [Mpa]: 1.03

EXAMPLE B-13

Lenses are prepared in accorqahce with the procedures described in Example B-5, but the
mixture of comonomers has the foliowing composition, in weight percentages:

Macromer of Example B-1: 60%

TRIS: | - 25%

DMA: 15%
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EXAMPLE B-14

Lenses are prepared in acoordance with the procedures describod in Example B-6, with the
same comonomer composmon. but the comonomers are dlspensed into dust-free contact
lens molds in ambient air atmosphere. -

: EXAMP_LE_ C-1
Reaction of a,m-bis-aminoprobyl-dimemylpolysiloxane- with D(+)gluconic acid d-lactone:

Before the reaction, the amino-functionalized polydimethyisiloxane employed for the
synthesis (X-22-161-C, Shin Etsu, JP) was finely dispersed in acetonitrile, extracted and
then subjected to molecular distillation.

The followmg reactlons take place with exclusion of H.0. 200 g of purified amino-
functionalized polydimethyisiloxane (O 375meq of NHJg, Mn(VPO) 3400-3900 (VPO:
Vapour Pressure Osmometry)). dissolved in 200 mi of absolite THF, are slowly added
dropwise to a suspension of 13 359 (75 mmol) of D(+)g|ueonic acid d-lactonie in 50 mi of
absolute THF and the mixture is stirred at 40°C for about 24 hours until the lactone has
reacted completely. (Monitoring of the reaction by thin layer chromatography (TLC): silica
gel; i-propanolfH.O/ethyl acetate 6:3:1; staining with Ce(IV) sulfate/phosphoromolybdic acid
solution (CPS reagent)). After tha reaction, the reaction solution is concentrated to dryness
and the residue s dried under 3 Pa (0.03 mbar) for 48 hours, 213.3 g of a,c-bis(3-
gluconamidopropyl)-poly-dimethyisiloxane are obtained. Titration of the amino groups with
perchloric acid shows a conversion of the aminb groups of mors than 99.8%.

Reaction of a.w-bis-3-gluconamidopropyl-dimethyipolysiloxane with IEM :
The product obtained above (213 3 g) is dissolved in 800 ml of absolute THF and the

solution is heated to 40°C with the addition of catalytic amounts of dibutyltin dilaurate
(DBTDL). 14 g {90 mmol) of IEM in 20 ml of absolute THF are added dropwise to this
solution over a period of about 4 hours. This corresponds to a concentration of 1.2
equivalents of IEM per gluconamide unit. The reaction is carried out in the course of 48
hours (monitoring of the reaction by IR spectroscopy detection of the NCO ties). The
reaction solution is concentrated and the product is dried in a brown glass flask under 3 Pa
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(0.03mbar) for 24 hours, while cooling with ice. 227.2 g of a colourless rubber-elastic
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product of high optical transparency remain.

EXAMPLE C-2t0 C-7

PCT/EP96/01265

Further amino propyl-dimethylpolysiloxanes (PDMS) are reacted with a different amount of
gluconolactone and concentrations of IEM analogousiy to Exampie C-1. The examples are

summarized in Table C-§

TABLE CA
_Poly(dimethyi siloxane) [PDMS] Amount of batch
Example | Name | -Type Mn NH* | POMS | Gl IEM
g(mmol | g (mmol) | g (mmol)
of NHp) |
C1 | X22461-C| term. | 3400 2 200 | 134 140
@ |- (15 | (0.0
c2 | %22-161-C| term. 3400 2 200 | 134 257
| 74) @5 | (165.0)
C3 | X-22-161-C| term. 3400 2 200 13.4 292
' (75) (75) (187.5)
C-4 PS 813 ‘pen. 1200, - 1
cs GP4 pen. | 3150 26
c-6 GP 6 pen. 5960 3 )
c7 KF8003 | pen. 9700 47 | 200 17.5 18.2
©8 | (8 | (117.4)
Legend:

X-22-161-C and KF 8003 are products from Shin Etsu (Japan), PS813 is a product from

Petrarch-H is, GP4 and GP6 are products from Genesee.
* Amino groups per macromer chain

Glu:D(+) gluconic acid d-lactone
term: terminal -
pen: pendent
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EXAMPLE C-8

The reaction is carried out in accordance with Example C-1, but instead of D{+)gluconic
acid d-lactone, 75 mmol of lactobionic acid 1,5-lactone, suspended in 50 m! of absolute
THF, are added dropwise to a solution of amino-functionalized polydimethyisiloxane (X-22-
161-C) in 180 mi of absolute THF and 20 mi of DMSO (pure, 89%). Titration of the amino
groups with perchloric acid indicates a reaction conversion of 89% (<0.01 megq of NHy/g).
Here also, a colourless optically clear macromer is obtained. '

EXAMPLE C-9 and C-10

The reactions are carried out analogously to Example C-1. However, the catalyst
necessary for addition of the isocyanate onto the hydroxyl groups is varied. Instead of
DBTDL, catalytic amounts of 1,4-diazabicyclo[2.2.2]octane (DABCO) or 4-dimethylamino-
pyridine (DMAP) are added and the reaction is continued as described under Example C-1.
In both cases, an optically clear, colourless rubber-elastic macromer results in a manner
corresponding to Ekample C-1.

EXAMPLE C-11

The reaction is carried out analogously to Example C-1. in a manner corresponding to
Exampie C-8, 0.1 mo! of lactobionic acid 1,5-lactone is suspended in 50 mi of absolute THF
and the suspension is added dropwise to a solution of amino-functionalized
polydimethylsiloxane (KF-8003) in 180 mi of absolute THF and 20.mi of DMSO (pure, 99%).
The reaction time is increased to about 48 hours. A residual content of 0.07meq of NHy/g
can be detected, and is reacted completely by addition of the corresponding molar amount
of D{(+)gluconic acid d-lactone to the reaction solution. The colourless highly transparent
product has a residual content of amino groups of <0.01 meq/g. '

EXAMPLE C-12

52.09 g (9.78 mmol) of purified amino-functionalized polydimethylsiloxane (X-22-1 61-C,

Shin Etsu JP), dissolved in 110 mi of absolute THF, are initially introduced into the reaction
vessel under an inert gas atmosphere, and 1.14 g (6.52 mmol) of D-glncaro-i_,4:6.3-

| dilactone, dissolved in 20 mi of absolute THF, are added. The reaction solution is stirred at

room temperature for' 15 hours and then worked up in a manner corresponding to Example

A
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C-1. The amine content is 0.134meq/g. The terminal amino groups of the resulting penta-
block macromer are reacted with gluconolactone in the following reaction step. 41.84 g
(5.146 meq of NH;) of the above macromer and 0.817 g (5.15 mmol) of D(+)gluconic acid d-
lactone are suspended in 300 mi of absolute THF and the suspension is stirred under
nitrogen at 40°C for 18 hours. The filtered solution is then concentrated and the residue is
dried under 3 Pa (0.03 mbar) for 48 hours. A highly viscous optically clear substance having
a residual content of amino groups of 0.013 meq/g results.

EXAMPLE C-13
Pr n of an amino- uoroalkyl-functionali lvdimethvisiloxane:

3.0 mi of absolute toluene are added to 15 g of poly(dimethyisiioxane-co-methylhydro-
siloxane) [Bayer Silopren U-230; 10,000 g/mol; 2.3 mmol of Si-H/g], and 1.72.g (9.2 mmol)
of allyiphthalimide [CAS Reg. No. 5428-09-1] are then added. The mixture is frozen several
times and the flask evacuated and then brought to room temperature again. The fiask is
then let down with argon. 0.7 mli of a 0.005 molar solution of Lamoreaux eatélysf (prepared
in accordance with US 3,220,972, General Electric) in absolute toluene (100 ppm'of Pt/mol
of Si-H).is added and the mixture is heated to 80°C. After a reaction time of half an hour, a
colourless, clear to slightly cloudy solution, the 'H-NMR spectrum of which no longer shows
resonances of allylic hydrogen atoms, is obtained. '

Thereatfter, 6.2 g (15.3 mmol) of degassed allyl 1H,1H,2H,2H-perfluorooctyi ether are siowly
added and the mixture is stirred at 80°C for 2 hours. A 'H-NMR spectrum now shows a
severely weakened resonance of the Si-H function at 4.6 ppm and an intense resonance at
0.5 ppm, which originates from Si-CH; hydrogen atoms.

3.0 mi of 1-hexene are then added in order to react the remaining excess of Si-H groups,
which could otherwise cause crosslinking of the polymer when air later has accéss. The
mixture is further stirred at 80°C for another haif an hour. The reaction mixture is then left
to stand overnight. The product is purified over a silica gel column with hexane/ethyl acetate
(3:2), the solvent is stripped off and the macromer is dried under a high vacuum. A
colourless, clear, viscous product is obtained. The macromer purified in this way is taken up
in 20 mi of hexane, 20 mi of methylamine [33% in ethanol] are added and the rhixture is
‘heated to 40°C. After 10-15 minutes, a white voluminous p_recipitate separates out. After 30
minutes, the suspension is cooled and filtered and the precipitate is washed with a little
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. hexane. The filtrate is evaporated and the residue is then dried under a high vacuuri.
Thereafter, the content of amino groups is determined by titrimetry (perchioric acid).

The resuiting macromer is clear and viscous. The amino group content is 78.8% of theory.
The total yield of macromer after the chromatographic purification is 75%. '

Preparation of a gluconamide: : _
17.3 g (corresponding to an amine content of 5.4 meq) of this aminoalkyl-substituted

product are dissolved in 20 mi of dried THF. The solution is repeatedly frozen, degassed

and let down with argon. All the following operations are carried out in an argon

~ atmosphere. 712 mg of D(+)-gluconic acid d-lactone {4 mmol) are then added. Because of

the low soldbility of the lactone, a suspension is initially obtained. After stirring overnight at

50°C, the solution is clear and the lactone has been used completely. The stoichiometric

remammg amount of D(+)-glucomc acid d-lactone (260 mg, 1.46 mmol) is-then added and

‘the mixture is stirred again at 50°C overnight. A trace of unreacted lactone is observed.

Compietion of the reaction is monitored by means of thin layer chromatography on silica gel

plates with the mobile phase 1-propanol/ethyl acetate/water (6:1:3). The silica gel plates are ok
developed by means of Ce(IV) sutfatelphosphoromolybdlc acid solution. Subsequent
titration on amino groups yields a residual amino content of < 0.1%. : After filtration and
removal of the solvent by distillation, a highly viscous clear macromer with 0.295
mequivalent of gluconamide per gram of macromer is obtained.

EXAMPLE C-14

Before the polymerization, the acrylates employed, isobutyl acrylate (IBA), N,N-

difne_thyl_acrylamide ({DMA) and 3-methacryloyloxypropyl-tﬁs(trimethylsilyloxy)silane (TRIS)
are each freed from inhibitors by distillation. 0.32 g (2.76 mmol) of IBA, 0.80 g (8.1 mmol) of 1
DMA and 1.44 g (3.4 mmol) of TRIS are weighed into a 50mi round-bottomed flask and the ;
flask is flushed with N for haif an hour, while cooling with ice. 1.44 g of macromer from 5
- Example C-1 are transferred to a round-bottomed fiask with a nitrogen attachment,

degassed under 3 Pa (0.03 mbar) for 24 hours and then dissolved in 2.7 g of ethancl which

has been flushed with N; for half an hour beforehand. The subsequent preparation of

samples and the polymerization are carried out inside a glove box with exclusion of oxygen.

The above monomer mixture and the macromer solution from Example C-1 are mixed, with

the addition of 0.012 g {0.21 mmol) of Darocur® 1173 and the mixture is subjected to

microfiltration (0.45 mm filter). 180 ul of this mixture are introduced into a polypropyiene-



WO 931792 - : PCT/EP96/01265

mould, which Is then closed with an appropriate lid of polypropylene. The mixture is then
irradiated with a UV-A mercury high pressure lamp in a nitrogen atmosphere in a UV oven
equipped for this for 5 minutes. The lamps (5 each of the brand TLK4OW/10R, Philips) are
above and below the hdldey:inserted. The irradiation intensity is 14.5 mW/cm?®.

The polypropylene mould is opened and the finished discs or lenses are removed by
soaking by means of a solvent mixture of methylene chioride and ethanol (2:3). The lenses
and discs are extracted in ethanol at room temperature in special polypropylene cages for
48 hours and then dried at 40°C under 10Pa (0. 1mbar) for 24 hours (autoclaving at 120°C,
30 minutes). The discs show an E modulus of 1.1MPa, a permeability to oxygen of 183
barrier and a hardness (Share A) of 53.

. EXAMPLE C-15t0 C-19
. Further polymers are prepared in a manner oorrespondmg to Example c-14 (composmon in

percentages by weight). Table C-li shows examples C-15t0 C-19 and the propemes of the
resulting materials measured on discs.

. TABLE G-l
Example | Water | Macromer | Macromer | DMA | TRIS | E | Ok
-Content from weight: weight weight | modulus '[barrer]
1961 Example | percent | percent | percent | [Mpa] _

C-15 not c3 328 30* 37.2 - -

tested . '

C-16 19.9 C3 32.9 34.3 327 0.7 84
. C17. | 251 _C3 39.3 343 | 364 0.9 72
C-18 176 c3 35.7 34.3 30.0 07 | 100

c-19 23.4 c3 33.3 33.3 33.4 0.7 96

Legend:

DMA: N,N-Dimethylacrylamide
TRIS: 3-Methacryloyloxypropyl-tris(trimethyisilyloxy)silane
* instead of DMA, in this example DMEA (2-Dimethylaminoethyl acrylate) was used
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EXAMPLE C-20: Uncoated contact lens

A contact lens is prepared in a manner corresponding to Example C-14, using the Example
C-3 macromer, with the following composition in percentages by weightt

Macromer: 33.3,

DMA: 33.3,

TRIS: . | 33.4.

The lens has a Dk of about 94 and a water content of about 20.0 werght percent. The
results are presented in TABLE C-lil for comparision with coated lens propertres

EXAMPLE C-21: Plasma-treated contact lens

Dried lenses prepared in accordance with the procedures described in Example C-20 are
transferred into a plasma coating apparatus where the lenses are surface treated in a
methane/ air” mixiure (“air", as used here, denotes 79% mtrogen and 21% oxygen). The
apparatus and plasma treatment process have been disclosed by H. Yasuda in “Plasma
Polymerization”, Academic Press, Orlando, Florida (1985), pages 319 forward.

The dried plasma-treated contact lenses are equilibrated in autoclave-resistant vials in
phosphate-buffered physiological saline solution, and then autociaved for 30 minutes at
about 120°C. The plasma-treated autoclaved lens has a Dk [barrer] of 90 and a water
content of 21.5%. The results are presented in TABLE C-lt! for compansnon with coated
lens properties.

TABLE C-lli
Example Surface type Dk [barrer] Water content [%]
C-20 untreated 94 . 20.0
C-21 plasma-treated 90 21.5

EXAMPLE C-22

The synthesis of this polymer corresponds to Example C-14 with the following comonomer
composmon Example C-3 macromer/TRIS/DMA: 32.8%/32.6%/34.2% (in percentages by
welght) and an addition of 0.4% by weight of trimethylammonium-2-hydroxypropyl
methacrylate hydrochioride (Blemer® QA, Nippon Oil Corp.). The polymer has a modulus of
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0.9MPa and a permeability to oxygen of 82 barrer. The water content is 25.1% (after 30
minutes’ autoclaving at 120°C). For comparison, Example C-16 has a water content of 20%
with a very similar comonomer composition (no addition of Blemer® QA).

EXAMPLE C-23

The polymer is prepared analogously 1o Example C-14, but the polymerization is carried out
in bulk, which means without addition of ethanol. The composition of the comonomers and
the material properties of the polymer synthesized, measured on discs is given below..

Example C-7 macromer: 41%,
IBA: 23%,
1-vinyl-2-pyrrolidone (NVP): 24%,
acrylonitriie (AN): 12%.

The disc hardness (shbre A) is 68.
| EXAMPLE C-24

The polymerization is carried out in accordance with Examplé C-14 but with the following
changed comonomer composition:

macromer of Example C-7/IBA/TRIS 20%/1 8%/60% and 1% (in percentages by weight) of

. ‘bis{3-methacryloyloxypropyl)tetra methyldisiloxane. An optically clear palymer with an E
modulus of 0.4MPa, a permeability to oxygen of 241 barrer and a hardness (Shore A) of 42
is obtained.

EXAMPLES C-25 through C-27

Contact ienses are prepared in accordance with the procedure described in Example C-14.
The compositions in weight percentages are as follows:

Example | Macromer | Macromer | IBA weight DMA TRIS HFBA
weight percent weight weight weight
percent percent | percent | percent

C-25 CcC3 ..36.0: 8.0 20.0 36.0'5' -
c-26 _C2 35.0: 5.0 20.0 .35.0 5.0
c-27 c3 328 - 30.0 a7.2 -
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where IBA is isobutylacrylate,

DMA is N,N-Dimethylacrylamide,

~ TRIS Is 3-methacryloyloxypropy!-tris(trimethyisiloxy) silane,
HFBA is 2,2,3,4,4,4-hexafiuorobutyl acrylate. |

EXAMPLE C-28

The polymerization is carried out in accordance with Example C-14 but with the foliowing
changed comonomer composition: macromer of Example C-1/DMA/TRIS 33.3%. l 333%/
33.3%. An optically clear polymer is obtained.

EXAMPLE D-1: Macromer Synthesis

In a dry box under nitrogen atmosphere, about 200 grams of dry PDMS dipropoxyethanol

(Shin-Etsu) is added to a container. isocyanatoethyl methacrylate (IEM) in an amount equal

to about 2 moles per moie PDMS dialkanol is added to the container. About 0.1 weight

percent dibutyltin dilaurate (DBTL) catalyst, based on PDMS dialkanol weight, is added to -

the container along with a stir bar. The container is immersed in an oil bath atop a stir plate, 3
and secured in place with a claip. A stream of UPC air at about 2 psig is passed over the j
mixture. The mixiure is agitated at room temperature (about 22°C) for about 24 hours. An

iterative procedure follows in which the mixture is analyzed for isocyanate content and IEM

is added if the PDMS dialkoxyalkanol has not been completely reacted. The mixture is

stirred about 24 hours more. The macromer produced is a siloxane-containing macromer.

EXAMPLE D-2: Lens fabrication

A prepolymerization mixture is prepared by mixing about 56 grams of the macromer from

Example D-1, about 14 grams of TRIS, about 29 grams N,N-dimethylacrylamide (DMA),
about 1 gram methacrylic acid, about 0.5 grams Darocur® 1173 photoinitiator, and about 20
grams hexanol. The mixture is agitated for about 20 minutes at room temperature. Next, the |
mixture is degassed via a series of freezing and thawing steps. The container is placed in a

_ quhid nitrogen bath until the mixture solidifies. A vacuum is applied to the container at a

| pressure of about 200 millitorr or less for about 5 minutes. Then, the container is placed in

a bath of room temperature water until the mixture is liquid again. This process is

performed a total of three times. The mixture is then polymerized to form contact lenses.
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The prepolymerization mixture is poured into polypropylene contact lens molds in a nitrogen
atmosphere. The polymerization is effected by applying UV radiation (about 4-6 mW/cm?)
for a period of about 15 minutes. The resulting fully hydrated contact lens has a water
content of about 23%. The lens has a Dk of about 115 barrers and a modulus of elasticity
of about 2 MPa. : ' |

EXAMPLE D-3: Lens fabrication

A contact lens is prepared in accordance with the procedure described in Example D-2, with
_the difference being that the composition is about 50% macromer of Exampie D-1, about
20% TRIS and about 30% DMA. The resulting fully hydrated contact lens has a water
content of about 20%. The lens has a Dk of about 118 barrers and a modulus bf"elasticlty
of about 1.8 Mpa.

EXAMPLE E-1 (Material A)

A contact lens is prepared substantially in accordance with the procédure described in
Exampie A-2. Prior to polymerization, the prepolymerization mixture is degassed by cooling
the prepolymer mixture with liquid nitrogen until the mixture solidifies and is near liquid
nitrogen temperature, then applying a vacuum (about 0.1 mm Hg) to the solidified
prepolymer mixture, discontinuing the vacuum, and thawing the prepolymer mixture until the
_mixture is again in liquid form. This degassing procedure is performed a total of three times
on the prepolymerization mixture. The prepolymer mixture is cured ina nitrogen atmosphere
to form the contact lens. The cured lens has an equilibriurn water content of about 19%.
Subsequent to curing, the lens is plasma treated for about 10 minutes in an atinosphere of
methane and air at a 2:1 CH,:air volume:volume ratio. The working pressure of the gas is
about 50 millitorr. The plasma treatment is accomplished in a Plasma Polymerization
Apparatus LCVD-20-400A (Plasmacarb, Bedford, Massachusetts). _

The lonoton lon Permeability Coefficient of the iens is 0.81 x 10° em®/sec. Clinical
examination shows that the lens moves on the human eye. See Table E for a summary of
the results. |

EXAMPLE E-2 (Material B)

A contact lens is prepared substantially in actordance_?vith thé procedure.de's;rihed in
Example B-10. Prior to polymerization, nitrogen gas is bubbled through the prepolymer
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mixture in order to remove oxygen from the prepolymer mixture. The-prepolymer mixture is
cured in a nitrogen atmosphere to form the-contact lens. The cured lens has anequillbnum
water content of about 26 weight percent. No coaﬂngis appluad to the surface. - H
The lonoton lon Permeability Coefficient of the lens is - 0.063 x10° cm?/sec. Clinical -
examination shows that the lens does not move on the human eye. See Table E for a e —
summary of the results. -

EXAMPLE E-3 (Material B)

A conitact lens is prepared substantially in accordance with the procedure described in

Example B-12. Prior to polymerization, the prepolymerization mixture is degassed by the

repeated freezefthaw procedure of Example E-1. The prepolymer mbdure is cured in a S
nitrogen atmosphere to form the contact lens. The cured lens has an equilibrium water

content of about 30 weight percent. Subsequent to curing, the lens is plasma treated for ™

about 3 minutes in an atmosphére of methane and air at a 2:1 CH,:air volume ratio. T

~ The tonoton lon Permeability Coefficient of the lens is 0.50 x 10 cm?/sec. Clinical .

exammatnon shows that the lens moves on the human eye See Table E for a summary of

the results.

EXAMPLE E-4 (Material B)

A contact lens is prepared substantially in accordance with the procedure described in

" Example B-12. Prior to polymerization, the prepolymerization mixture is degassed by the
repeated freeze/thaw procedure of Example E-1. The prepolymer mixture is cured ina
nitrogen atmosphere to form the contact lens. The cured lens has an equilibrium water
content of about 30 W'eight percent. -Subsequent to curing, the lens is plasma treated for
about 5 minutes in an atmosphere of methane and air at a 2:1 CH:air volumerratio.

The lonoton lon Pémneability Coefficient of the lensis 0.47 x 10° cm%/sec. Clinical —
examination shows that the lens moves on the human eye. See Table E for a summary of
the resuits. '

EXAMPLE E-5 (Material B)
- A contact lens is prepared substantially in accordance with the procedure deéscribed in

" Example B-12. Prior to polymerization; the prepolymerization mixture is degassed by the
repeated freezefthaw procedure of Example E-1. The prepolymer mixture is cured in a
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- nitrogen atmosphere to form the contact lens. The cured lens has an equilibrium water
content of about 30 weight percent. Subsequent to curing, the lens is plasma treated for
about 7.5 minutes in an atmosphere of methane and air at a 2:1 CH,:air volume ratio.

The lonoton lon Permeability Coefficient of the lens is 0.35 x 10 cm®/sec. Clinical
examination shows that the lens moves.on the human.eye. See Table E for a summary of
the results. |

EXAMPLE E-6 (Material B)

-A contact lens is prepared substantially in accordance with the procedure described in
Example B-11. Prior to polymerization, the prepolymerization mixture is degassed by the
repeated freeze/thaw procedure of Exampie E-1. The prepolymer mixture is cured in a

.. nitrogen atmosphere to form the contact lens. The cured lens has an equilibrium water

- content of-about 30 weight percent. The lens is not subsequently coated. _

The lonoton lon Permeability Coefficient of the lens is 1.1 x 10° cm*/sec. Clinical
examination shows that the lens moves on the human eye. See Table E for a summary of
the resuits. ' -

EXAMPLE. E-7 (Material C)

A contact lens is prepared substantially in accordance with the procedure described in
-Example C-21. Prior to polymerization, the prepolymerization mixture is degassed by the
repeated freeze/thaw procedure of Example E-1. The prepolymer mixture is cufed ina
nitrogen atmosphere to form the contact lens. Subsequent to curing, the lens is plasma
treated for about 5 minutes in an atmosphere of methane and air at a 2:1 CH.:air volume
ratio. ' '
The lonoton lon Permeability Coefficient of the lens is 2.9 x 10 cm®/sec. Clinical
examination shows that the lens moves on the human eye. See Table E for a summary of
the resuits.

EXAMPLE E-8 (Material C)

A contact lens is prepared substantially in accordance with the procedure described in
Example C-21. Prior to polymerization, the prepolymerization mixture is degassed by the
repeated freeze/thaw procedure of Example E-1. The prepolymer mixture is cured in a
nitrogen atmosphere to form the contact lens. Subsequent to curing, the lens is piasma
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tfeated for about 7.5 minutes in an atmosphere of methane and air at a 2:1 CH:air volume
ratio. | - :

The lonoton lon Permeability Coefficient of the lens is 0.25 x 10°° cm?sec. Clinical
examination shows that the lens moves on the human eye. See Table E for a summary of
the results. '

EXAMPLE E-9 (Material C)

A contact lens is prepared substantially in accordance with the procedure described in-
Exam_pie C-20. Prior to polymerization, the prep'olymerization mixture is degassed by the
repeated fre'jezelthaw procedure of Example E-1. The prepolymer mixture is cured in an air -
atmbsphere to form the contact lens. Subsequent to curing, the lens is not surface treated.
The lonoton lon Permeability Coefficient of the lens is 0.008 x 10 cm*/sec. Clinical
examination shows that the lens does not move on the human eye. See Table E for a
summary of the resuits.

EXAMPLE E-10 (Material D)

A contact lens is prepared substantially in accordance with the procedure described in a8
Example D-2. Prior to polymerization, the prepolymerization mixture is degassed by the i
repeated freezélthaw procedure of Example E-1. The prepolymer mixture is cured in a

nﬁrogsn atmosphere to form the contact lens. Subsequent to curing, the lens is not surface

treated. ' _

The lonoton lon Permeability Coefficient of the lens is 1.4 x 10° cm*/sec. Clinical

examination shows that the lens moves on the human eye. See Table E for a summary of

the resuits.

EXAMPLE E-11 (Material D)

A contact lens is prepared substantially in accordance with the procedure described in
Example D-2. Prior to polymerization, the prepolymerization mixture is degassed by the
repeated freeze/thaw procedure of Example E-1. The prepolymer mixture is cured in a
nitrogen atmosphere to form the contact lens. Subsequent to curing, the lens is plasma
treated for about 7.5 minutes in an atmosphere of methane and air at a 2:1 CH,:air volume
ratio.
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The lonoton lon Permeability Coefficient of the lens is 0.61 x 10° cm?/sec. Clinical
examination shows that the lens moves on the human eye. See Table E for a summary of
the results.

EXAMPLE E-12 (Material D)

A contact lens is preparad substantially in accordance with the procedure described in
. Example D-2. Prior to polymerization, the prepolymerization mixture is degassed by the
repeated freezefthaw procedure of Example E-1. The prepolymer mixture is cured in a
nitrogen atmosphere to form the contact lens. Subsequent to curing, the lens is plasma
treated for about 5 minutes in an atmosphere of methane and air at a 2:1 CH,:air volume
ratio. : o
The lonoton lon Permeability Coefficient of the lens is 1.5 x 10° cm’/sec. Clinical
examination shows that the iens moves on the human eye. See Table E for a summary of
the results. '

EXAMPLE E-13 (Material D)

A contact lens is prepared substantially in accordance.with the procedure described.-in
Exampie D-2. Prior to polymerization, the prepolymerization mixture is degassed by the
repeated freezefthaw procedure of Example E-1. The prepdlymer mixture is cured in an air
atmosphere to form the contact lens. Subsequent to curing, the lens is not surface treated.

The lonoton lon Permeability Coefficient of the lens is -0.001 x 10™° cm*/sec. Clinical
examination shows that the lens does not move on the human eye. See Table E for a
summary of the results. - '
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TABLE E
Example | Material | Degassing | Curing Surface loncton lon | On-eye
atmosphere | treatment | Permeabliity | Movement
- CH,zalr Coefficient
plasma [10°
| [minutes}] | cmsec)
E-1 A | 3cyce nitrogen 10 0.81 YES
freeze/thaw _ | '
E-2 B nitrogen nitrogen no plasma -0.063 NO
bubble | |
E-3 B 3-cycle nitrogen 3 0.50 YES
freeze/thaw | -
E-4 B 3-cycle nitrogeh 5 0.47 YES
freeze/thaw |
E-5 B8 3-cycle nitrogen 75 - 0.35 YES
freezethaw
E-6 B 3-cycle nitrogen no plasma 1.1 YES
freeze/thaw .
E-7 c 3-cycle nitrogen 5 29 YES
freeze/thaw . .
E-8 C 3-cycle nitrogen 7.5 0.25 YES
freeze/thaw _
E-9 C 3-cycle air no plasma 0.008 NO
freeze/thaw
E-10 D 3-cycle nitrogen no plasma 14 YES
freezefthaw
E-11 o) 3-cycle nitrogen 7.5 - 0.61 YES
freeze/thaw
E-12 D 3-cycle nitrogen 5 1.5 YES
freeze/thaw
E-13 D ~ 3-cycle air no plasma -0.001 NO
freezethaw
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Considering Examples E-1 through E-13 of Table E, the lowest value of lonoton lon
Permeability Coefficient for which a lens moves on the eye is 0.25 x 10 cm?/sec. The
highest value of lonoton lon Permeability Coefficient for a lens which bound on the eye is
0.008 x 10° cm%/sec. Thus, a contact lens preferably has an lonoton lon Permeability
Coefficient greater than about 0.008 x 10" cm?fsec., more preferably greater than about
0.25 x 10° cm®/sec.

EXAMPLE F-1 (Material C)

A contact lens is prepared substantially in accordance with the procedure described in
Example C-25. Prior to surface treatment, the lonofiux lon Permeability Coefficient is
determined to be about 0 mm?/min.

Subsequent to ion permeability measurements, the lens surface is coated with
potlyvinylpyrrolidone (PVP) in accordance with the following procedure, using a glass
plasma reactor equipped with an external ring electrode and a 27.13 MHz radio frequency
(RF) generator for the generation of an inductively-coupled, cold glow discharge plasma.
Highly purified argon is used as a piasma gas and as a carrier gas for N-vinylpyrrolidone
(NVP) monomer feed. The NVP feed line is located about 10 cm below the glow zone.

The contact lens is placed in the 20 cm diameter plasma reactor at a position about 15 cm
below the plasma glow zone. The reactor is then evacuatéd for about 30 minutes to about
0.009 mbar. Subquent to evacuation, the plasma gas fiow is set to 20 scem (standard cubic
centimeters), the glow discharge is started at a pressure of about 0.15 mbar and maintained
for about one minute at a power of about 170 Walts (in order to clean and activate the lens
surface). After reduction of argon plasma gas flow to about 10 sccm, the argon carrier gas
flow for the NVP monomer is also set to 10 sccm. The temperature of the NVP source (with
the carrier gas bubbling through the liquid NVP) is held at about 40°C. The lenses are
treated for about 10 minutes with a pulsing glow discharge plasma (1 usec. on, 3 usec. off)
at about 0.35 mbar pressure and about 150 Watts power.

After interrupting the glow discharge and the carrier gas flow, the reactor is continuously

- purged with a 20 sccm argon stream at a pressure of about 0.008 mbar for about 30
minutes, in order to remove residual monomer and activated species. The PVP coated
contact lenses thus produced are highly wettable and show the following dynamic contact
angles, measured with a KRUESS (Hamburg, Germany) K-12 instrument:
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- 'I.J_:nt':reated' o "~ Treated
Advancing 102 . 38
Receding ' 8 . 23
Hysteresis ' 53 ' : 15

Clinical tests show that the lens does not move on the eye See Table F for a summary of
the results.

EXAMPLE F-2 (Material C)

A contact lens is prepared substantially in accordance with the procedure described in
Exampie C-26. Prior to surface treatment, the lonofiux lon Permeability Coefficient is
determined to be about 2.8 x 10 mmzlmm Subsaquent to ion permeability measurements,
the lens surface is coated with polyvmylpyrrolidone asin Example F-1. Clinical tests show
that the lens does not move on the eye. See Table F for a summary of the resuits.

EXAMPLE F-3 (Material C)

A contact lens is prepared substantially in accordance with the procedure described in
Example C-27. Prior to surface treatment, the tonofiux lon Permeability Coefficient is
determined to be about 9.3 x 10 mm’lmm Subsequent to ion permeability measurements,
the lens surface is coated with polyvinylpyrrolidone as in Example F-1. Clinical tests show
that the lens does not move on the eye. See Table F fora summary of the results.

Ex_AMPLE F-4 (Matéﬂal (v))

A contact lens is prepared substantially in _aocqrdanbe with the procedure described in
Example C-18. Prior to surface treatment, the lonofiux lon Permeability Coefficient is
determined to be about 2.6 x 10°° mm?/min. Subsequent to ion permeability measurements,
the lens surface is coated with polyvinylpyrrolidone as in Example F-1.

Ciinical tests show that the lens moves on the eye See Table F for a summary of the
results.
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EXAMPLE F-5 (Material C)

A contact lens is prepared substantially in accordance with the procedure described in
Example C-16. Prior to surface treatment, the fonofiux lon Permeability Coefficient is
determined to be about 1.3 x 10 mm®/min. Subsequent to ion permeability measurements,
the lens surface is coated with polyvinylpyrrolidone as in Exampie F-1. Clinical tests show
that the lens moves on the eye. See Table F for a summary of the resulits.

" EXAMPLE F-6 (Material C)

A contact lens is prepared substantially in accordance with the procedure described in
Example C-18. Prior to surface treatment, the lonofiux lon Permeability Coefficient is
determined to be about 2.7 x 10" mm’/min. Subsequent o ion permeability measurements,
the lens surface is coated with polyvinylpyrrolidone as in Example F-1. Clinical tests show
that the lens moves on the eye. See Table F for a summary of the resuits.

-EXAMPLE F-7 (Material C)

A contact lens is prepared substantially in accordance with the procedure described in
Example C-17. Prior to surface treatment, the lonoflux ion Permeability Coefficient is
determined to be about 7.8 x 10°® mm®*min. Subsequent to ion permeability measurements,
the lens surface is coated with polyvinylpyrrolidone as in Example F-1. Clinical tests show
that the lens moves on the eye. See Table F for a summary of the results.

EXAMPLE F-8 (Material B)

A contact lens is prepared substantiaily in accordance with the procedure described in
Example B-13. Prior to surface treatment, the lonofiux lon Permeability Coefficient is
determined to be about 1.5 x 10° mm®/min. Subsequent to ion permeability measurements,
the lens surface is coated with polyvinylpyrrolidone as in Example F-1. Clinical tests show
that the lens does not move on the eye. See Table F for a summary of the results.

EXAMPLE F-9 (Material B)

A contact lens is prepared substantially in accordance with the procedure described in
Example B-14. Prior to surface treatment, the lonoflux ion Permeability Coefficient is
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determined to be about 1.1 x 10°° mmzl_min. Subsequent to ion permeability measurements,
the lens surface is coated with polyvinylpyrrplidone as in Example F-1. Clinical tests show
that the lens does not move on the eye. See Table F for a summary of the results.

EXAMPLE F-10 (Material B)

A contact lens is prepared substantially in accordance with the procedure described in
Example B-7. Prior to surface treatment, the lonofiux lon Permeability Coefficient is
determined to be about 3.8 x 10 mm®/min. Subsequent to ion permeability measurements,
the lens surface is coated with polyvinylpyrrolidone as in Example F-1. Clinical tests show
that the lens moves on the eye. See Table F for & summary of the results.

EXAMPLE F-11 (Material B)

A contact lens is prepared substantially in accordance with the procedure described in
Example B-6. Prior to surface treatment, the lonoflux lon Permeability Coefficient is
determined to be about 8.5 x 10°° mm?/min. Subsequent to ion permeability measurements,
the lens surface is coated with polyvinyipyrrolidone as in Example F-1. Clinical tests show
that the lens moves on the eye. See Table F for a summary of the results.

EXAMPLE F-12 (Material B)

A contact lens is prepared substantially in accordance with the procedure described in
Example B-5. Prior to surface treatment, the lonofiux lon Permeability Coefficient is
determined fo be about 7.1 x 10> mm?/min. Subseguent to ion permeability measurements,

" the lens surface is coated with polyvinylpyrrolidone as in Example F-1. Clinical tests show
that the lens moves on the eye. See Table F for a summary of the results.
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TABLE F
EXAMPLE - MATERIAL IONOFLUX ION | ON-EYE MOVEMENT
(Example reference | PERMEABILITY -CLINICAL
number) . . COEFFICIENT* | DETEMINATION
[mm®/min} _
F-1 C-25 0 NO-
F-2 __C-26: 0.28 x 10¢ NO
F-3 c-27 __0.93x10° NO
_ F-4 -C-18. 26x10° YES:
F-5 ‘C-18 - 130x10* | . . YES
F-6 C-19 27.0 x 10 YES
F-7 ' C-17 ____7.8x10° YES
F-8 B-13 : 1.5x 10° NO-
F-9 B-14. 1.1 x 10* . NO
F-10 B7 3.8x10° YES
F-11 B-6- 8.5 x 10°® YES
F-12 __B5 71.0x10%" ____YES

* All onofiux lon Permeability Coefficients were determined on uncoated lenses.

Considering only Examples F-1 through F-13 of Table F, the lowest value of lonoflux lon
Permeability Coefficient for which a jens moves on the eye is 2.6 x 10° mm®/min. The
highest value of lonofiux ion Permeability Coefficient for a lens which binds on the eye is
1.5 x 10° mm*min. Thus, a contact lens preferably has an lonofiux lon Permeability
Cosfficient greater than about 1.5 x 10° mm?/min., more preferably greater than about 2.6 x
10" mm2/min. | | -

EXAMPLE G-1

A contact lens is prepared substantially in accordance with the procedure described in
Example A-2. The Hydrodell Water Permeability Coefficient is determined to be about 0.71
x 10° cm%second. Clinical tests show that the lens moves on the eye. See Table G for a
summary of the results.
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EXAMPLE G-2

A contact lens is prepared substantially in accordance with the procedure described in
Example B-5. The Hydrodell Water Permeability Coefficient is determined to be about 1.09
x 10°® cm®/second. Clinical tests show that the lens moves on the eye. See Teable G for a
summary of the results.

EXAMPLE G-3

A contact lens is prepared substantially in accordance with the procedure described in
Example B-6. The lens is surface treated in a plasma gas in accordance with the procedure
described in Example F-1. The Hydrodell Water Permeability Coefficient is determined to
be about 0.27 x 10 cmé/second. Clinical tests show that the lens moves on the eye. See
Table G for a summary of the results. | '

EXAMPLE G-4

A contact lens s prepared substantially in accordance with the procedure described in
Example C-19. The lens is surface treated in a plasma gas in accordance with the
procedure described in Example F-1. The Hydrodell Water Permeability Coefficient is
determined to be about 0.37 x 10 cm?/second. Clinical tests show that the lens moves on
the eye. See Tabie G for a summary of the results.

EXAMPLE G-5

A contact iens is prepared substantially in a'ccordanc_e'with the procedure desbribed in
Example D-2. The Hydrodell Water Permeability Coefficlent is determined to be about 1.26
x 10* em®/second. Clinical tests show that the lens moves on the eye. See Table G for a
summary of the results.

EXAMPLE G-6

A contact lens is prepared éubstantially in accordanc_e with the procedure described in
Example C-14. The Hydrodell Water Permeability Coefficient is determined to be about
0.08 x 10 cm®/second. Clinical tests show that the lens does not move on the eye. See
Table G for'a summary of the resulits.
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TABLE G
EXAM. | MATERIAL SURFACE . | HYDRODELL WATER | ON-EYE MOVE-
. PLE (Example | TREATMENT PERMEABILITY MENT -CLINICAL
reference COEFFICIENT DETERMINATION
number) . [cmP/sec.]
G-1 A-2 none 0.71x10° YES
G-2 B-5 ___none . 1.09x10° YES
G-3 B-6 _PVP: 0.27x10° YES"
G-4 C19 PVP 0.37 x10% . .. YES
Q-5 - D-2 none 1.26 x 10° YES:
G-6 ‘C-14 none 0.08 x 10°® NO

Considering only Examples G-1 through G-6 of Table G, the fowest value of Hydrodell
Water Permeability Coefficient for which a lens moves on the eye is 0.27 x 10° cm*/sec.
The highest value of Hydrodell Water Permeability Coefficient for a lens which binds on the

| eye is 0.08 x 10°° cm®/sec. Thus, a contact lens preferably has a Hydrodell Water
Permeability Coefficient greater than about 0.08 x10°® ecm®/sec., more preferably greater.
than 0.27 x 10 cm?/sec. - -

The invention has been described in detail, with reference to certain preferred
embodiments, in order to enable the reader to practice the invention without undue
experimentation. Theories of operation have been offered to better enable the reader to
understand the invention, but such theories do not limit the scope of the invention. In
addition, a person having ordinary skill in the art will readily recognize that many of the
previous components, compositions, and parameters may be varied or modified to a
reasonable extent without departing from the scope and spirit of the invention.
Furthermore, tities, headings, example materiais or the like are provided to enhance the
reader’s comprehension of this document, and should not be read as limiting the scope of
the present invention. Accordingly, the intellectuatl property rights to the invention are
defined by the following claims, reasonable extensions and equivalents thereof, as
interpreted in view of the disclosure herein.
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CLAIMS:

1. An ophthaimic lens having ophthaimically compatible inner and outer surfaces, said lens
being suited to extended periods of wear in continuous, intimate contact with ocular tissue
and ocular fluids, said lens comprising a polymeric material which has a high oxygen
permeability and a hlgh ion permeability, said polymeric material being formed irom
polymerizable materials comprising: _
(a) at least oneoxypem polymerizable matenal and

(b} at least one ionoperm polymerizable material, _
wherein said lens allows oxygen permeation in an amount sufficient to maintain comneal
health and wearer comfort during a penod .of extended, continuous contact with ocular
tissue and ocular fluids, and :
wherein said lens allows ion or water permeation in an amount sufﬁcient to enable the lens
to move on the eye such that corneal health is not substantially harmed and wearer comfort
is acceptable durmg a period of extended, continuous contact with ocular tissue and ocular
fluids.

2. An ophthaimic lens of claim 1, wherein said ophthalmic lens is selected from the group
consisting of contact lenses for vision correction, contact lenses for eye color modification,
ophthaimic drug delivery devices, and ophthalmic wound healing devices.

3. An ophthalmic lens of claim 2, wherein said ophthaimic lens is a contact lens.

4. An ophthalmic lens of claim 1, wherein said ophthaimic lens has an oxygen
transmissibility of at least about 70 barrers/mm.

5. An ophthalmic lens of claim 4, wherein said ophthalmic lens has an oxygen
transmissibility of at least about 75 barrers/mm.

6. An ophthalmic lens of claim 5, wherein said ophthalmic lens has an oxygen
transmissibility of at least about 87 barrers/mm.

7. An ophthaimic lens of claim 1, wherein said polymeric material comprises an ionoperm
phase which extends continuously from the inner surface of the ophthalmic lens to the outer
surface of the ophthaimic lens.

- g
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8. An ophthaimic iens of claim 1, wherein said polymeric material comprises an oxyperm
phase which extends continuously from the inner surface of the ophthalmic lens to the outer
surface of the ophthalmic lens.. -

9. An ophthalmic lens of claim 1, wherein said polymeric material comprises a plurality of
co-continuous phases, including at least one oxyperm phase which extends continuously
from the inner surface of the ophthalmic tens to the outer surface of the ophthaimic lens
and at least one ionoperm phase which extends continuously from the inner surface of the
ophthaimic lens to the outer surface of the ophthalmic lens.

10. An ophthaimic lens of claim 1, wherein said polymeric materiai oombfisés a{ least one
ion or water pathway which extends continuously from the inner surface of the ophthaimic
lens to the outer surface of the ophthalmic lens.

11. An ophthaimic lens of claim 1, wherein said polymeric material comprises at least one
oxygen pathway which extends continuously from the inner surface of the ophthaimic iens
to the outer surface of the ophthaimic lens.

12. An ophthalmic lens of claim 1, wherein said polymeric material comprises a plurality of
co-continuous pathways, at feast one being an ion or water pathway' and at least one other
being an oxygen pathway, which pathways extend continuously from the inner surface of
the lens to the outer surface of the lens.

13. ‘An ophthalmic lens of claim 12, wherein said co-continuous pathways include a
~ continuous phase of ionoperm polymeric material and a continuous phase of siloxane-
containing polymeric material.

14. An ophthaimic lens of claim 12, wherein said pathways have a domain size which is
less than a size which undesirably distorts visibie light in an amount which is visible to the
eye of the wearer.

15. An ophthalmic lens of claim 1, wherein said lens has an lonoton lon Permeability
- Coefficient of greater than about 0.2 x 10°® ecm?/sec.
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16. An ophthalmic lens of claim 15, wherein said lens has an lonoton lon Permeability
Coefficient of greater than about 0.3 x 10 cm?/sec. :

17. An ophthaimic lens of claim 16, wherein said lens has an lonoton lon Permeability
Coefficient of greater than about 0.4 x 10 cm*/sec.

18. An ophthalmic lens of claim 1, wherein said lens has an lonoflux Diffusion Coefficient of
greaterthan about 1.5 x 10° mmlmm .

19.. An ophthalmic lens of claim 18, wherein said lens has an lonofiux Diffusion Coefficient
of greater than about 2.6x 10‘ m?/min.

20. An ophthalmic lens of claim 19, wherein said lens has an lonofiux Diffusion Coefficient
of greater than about 6.4 x 10°° mm?/min.

21. An ophthaimic Iens of clalm 1, wherem said lens has a- Hydrodell Water Permeability
Coefficient of greater than about 0.2 x 10 cm?/sec.

22. An ophthalmic lens of claim 21, wherein said lens has a Hydrodell Water Permeability
Coefficient of greater than about 0.3 x 10°® cm?/sec. :

23. An ophthalmic lens of claim 22, wherein said lens has a Hydrodell Water Permeability
Coefficient of greater than about 0.4 x 10 cm?/sec. = .

24, An ophthalmic lens of claim 1, wherein when hydrated, said lens has an equilibrium
water content of less than about 32 weight percent when tested in accordance with the Bulk
Technigque.

25. An ophthalmic lens of claim 24, wherein when hydratéd said lens has an equilibrium
water content of about 10 to about 30 weight percent when tested in accordance with the
Bulk Technique.

26. An ophthalmic lens of claim 25, wherein when hydrated, said lens has an equilibrium
water content of about 15 to about 25 weight percent when tested in accordance with the
Bulk Technique. :
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27. An ophthalmic {ens of claim 1, wherein said iens comprises a core polymeric material
and an ophthalmically compatible surface which is a hydrophilic surface, wherein said
surface is more hydrophilic than said core.

28. An ophthalmic lens of claim 27, wherein said hydrophilic surface is é'hydiophilic
polymeric surlace coating.

29. An ophthalmic lens of claim 28, wherein said hydrophilic surface coating is applied via a
_ plasma coating process.

30. An ophthalmic lens of ciaim 29, wherein said plasma odating is genera_t_éd in the
presence of a mixture of (a) a C1.s alkane and (b) a gas selected from the group consisting
of nitrogen, argon, oxygen, air and mixtures thereof.

31. An ophthalmic lens of claim 30, wherein said plasma coating is generated in the
presence of a mixture of methane and air.

32. An ophthaimic lens of claim 1, wherein said oxyperrh polymerizable material is a
siloxane-containing macromer.:

33. An ophthalmic lens of claim 32, wherein séid siloxane-containing macromer is a
poly(dimethyl siloxane) having a number average molecular weight of at least about 800
and a glass transition temperature less than about -115 degrees Celsius.

34. An ophthalmic lens of claim 33, wherein said siloxane-containing macromer has a
number average molecular weight of at least about 1700.

35. An ophthaimic lens of claim 32, wherein said polymeric material is formed from a
polymerizable mixture comprising about 1 to about 10 weight percent of a low molecular
weight siloxane-containing monomer. '

36. An ophthaimic lens of claim 35, wherein said low molecular weigﬁt sildxane-containing
monomer is TRIS.

37. An ophthalimic lens of claim 1, wherein said polymeric material is formed from a
polymerizable mixture comprising: ' B
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(a) about 60 to about 85 weight percent oxypenn macromer. and
{b) about 15 to about 40 weight percent lonoperm monomer

38. An ophthalmic lens of claim 37, whefem said potymenc material is formed from a
polymerizable mixture comprising: : -

(a) about 70 to about 82 weight percent oxyperm macromer; and

(b) about 18 to about 30 weight percent ionoperm monomer.

39. An ophthaimic lens of claim 1, wherein said polymenc material is formed from a
polymerizable mixture comprising:
(a) about 30 to 60 weight percent oxyperm macromer;
~ {b} about 20 to 40 weight percent i ionoperm polymerizable material; and
{c) about 1 to 35 weight percent TRIS, based on the totai lens weight.

40. An ophthalmic lens of claim 1, wherein said polyme'ric material inicliides a polymer
composition having good optical clarity and high oxygen permeability, comprising:
(a) about 5 to about 94 dry weight percent of a macromer having the formula:

By | Ry

e S R
H : H  H :

i I
—R4OR6—0uT‘—Ra_ IOO—EwQ_RﬁE_ °°'i"""1 ——0C—Ryg
H H H

wherein: _ o
R, and R.are selected from C,-Cs alkyl, .
" Ry, Re, Rs, and Reare selected from C,-Cq alkylene,
Ry and Reare selected from linear or branched alkyiene and bivalent cycloalkylene
Rs, R0, Ry, and Rezare selected from Ci-C2 alkylene.
Rss and Ry are selected from Cy-Cq alkylene,
R,s and Rysare selected from linear or branched lower alkenylene
m and p, mdependentiy of one another, are about 3 to abcut 44, and
n is about 13 to about 80, '
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wherein said macromer has a number-average moiecular weight of 2000 to 10,000;

{b) about 5 to about 60 weight percent of an acryléted or methacrylated siloxane monomer;
(c) .about 1 to about 30 weight percent of an acrylate or methacryiate monomer; and

{d) -0 to.5 weight percent cross-linking agent; _ _

wherein said weight percentages are based upon the dry weight of the polymer
components. '

41. An ophthalmic lens of claim 40, wherein said lens is a contact lens.

42. An ophthalmic lens of claim 1, wherein said polymeric material compnses a polymer
formed by polymerization of at least one macromer of formula (l)

Py -(Y)..,-.(.L-Xy)p-Q‘-o(rL)p‘mnfP1 o

where each P,, independentiy of the others, is a free-radical-polymerizable group;

each Y, independentiy of the others, is -~CONHCOO-, -CONHCONH-, -OCONHCO-,
-NHCONHCO-, -NHCO-, -CONH-, -NHCONH-, -COO-, -OCO-, -NHCOO- or -OCONH-;

m and p, independently of one another, are 0 or 1;

each L, independentiy.of the.others, is a divaient radical of an organic compound havmg up
to 20 carbon atoms;

each X, independently of the others, is -NHCO-, -CONH-, -NHCONH-, -COO-, -CCO-,
-NHCOO- or -OCONH-; and

Q is a bivalent polymer fragment consisting of the segments:

(@ ~(E)-Z-CF - (OCF2),- (OCF.CF2),-OCF2-Z-(E)-,

where x+y is a number in the range of from 10 to 30;

each Z, independently of the others, is a divalent radical having up to 12 carbon atoms or Z
is a bond;

each E, independently of the others, is -(OCH.CH,),-, where q has a value of from 0 to 2,
and where the link -Z-E- represents the sequence 'Z'(OCHzCHz)q ; and

kisCor1;

bl f
b) —Alk—Si—O—Si-T-Alk—
RZ Rl n
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where n is an integer from 5 to 100;

Alk is alkylene having up to 20 carbon atoms; -

80-100% of the radicals R;, Rz, Rs and R., independently of one ancther; are alkyl and
0-20% of the radicals R,, Rz, Rs and R., mdependently of one another, are alkenyl, aryl or R
cyanoalkyl; and

{c) XrR-Xo,

where R is a divalent organic radical having up to 20 carbon atoms, and _
each X, independently of the others, is -NHCO-, -CONH- -NHCONH-, -CO0-, -OCO-,

~ -NHCOO- or OCONH-;
with the provisos that there must be at least one of each segment (a), (b), and (c) in Q, that
each segment (a) or (b) has a segment (c) attached to it, and that each segment (c) has a
segment (a) or (b) attached to it.

43. An ophthalmic lens of claim 42, wherein said Ieer' is a contact lens.
44. An ophthalmic lens of claim 1, wherein said polymeric material comprises a polymer,

which polymer is produced by polymerizing at least one macromer comprising at least one
segment of formula (1)

a—2Z

N

Q05

in which

(a) is a polysiloxane segment,

{b) is a polyol segment which contains at least 4 C atoms,

Zis a segment (c) or a group X,

(c) is defined as X-R-X;, wherein

R is a bivalent radical of an organic compound having up to 20 C atoms and

each X, independentiy of the other is a bivalent radical which contains at least one carbonyl
group,

X, is defined as X», and

(d) is a radical of the formula (ll):

XaL-(Y)-P1 {n
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in which P, is a group which can be polymerized by free radicals;

Y and X, independently of one another are a bivalent radical which contains at least one
carbonyl group; - '

kis 0 or 1;and

L is a bond or a divalent radical having up to 20 C atoms of an organic compound.

45. An ophthalmic lens of claim 44 which is & contact lens.

46. An ophthalmic lens of claim 1, wherein said polymeric material comprises"a polymer,
which polymer is produced by polymerizing at least one macromer of the formula:

3——R,0Ry Sh{OSl}RaOH

wherein Ry and Ry are defined as follows:
Rico: - Raoo: .

Tm ﬂ Ri2
HpC=C—C~——0——Rg—NCO— —OCN—R,;—0——C—C==CH,
H ' H

where n is an integer from about 5 to about 500,
Ry, Ry, Ry, and R,, independently of one another, are lower alkylene,
Rs, Re. Ry, and Re.independently of one another, are alkyl,

Ry and R, are alkylene, and
Ric and Ry are methyl or hydrogen.

47. An ophthaimic lens of ciaim 46, wherein said polymeric material is formed by
polymerization of a prepolymer mixture, which, in weight percentagés based on total mixture
weight, comprises:

(a) about 45 to about 65 percent of a siloxane-containing macromer of the formula:
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anl
R100—R1OR2;_-Tf olsf RgOR—
. Re L Pal,

wherein Rigp and Rago are defined as follows:
Rmo:

f10 H OH Ryz
HpC==C——C—0—Rg—N | N—-n, [—0—C—C==CH,

H

where n is an integer from about 5 to about 500,

Ri, Rz, Rs, and R,, independently of one another, are lower alkylens,
Rs, Rs, Ry, and R, independentty of one another, are alkyl,

Ry and Ry, are alkyiene, and

Ry and R, are methyl or hydrogen;

(b) about 5 to about 25 percent TRIS; and

{c) about 20 to about 40 percent ionoperm monomer

48. An ophthaimic lens of claim 47 which is a contact lens.
49. An ophthlamic lens of claim 1, wherein said lens allows oxygen transmission in an
amount sufficient to prevent any clinically signficant corneal swelling during a period of

extended, continuous contact with ocular tissue and ocular fiuids.

50. An ophthalmic lens of claim 1, wherein said lens produd‘es, after wear of about 24
hours, including normal sieep periods, less than about 8% cormeal swelling.

51. An ophthalmic lens of claim 50, wherein said lens produces, after wear of about 24
hours, including normal sieep periods, less than about 6% corneal swelling.

52. An ophthalmic lens of claim 51, wherein said lens produces, after wear of about 24
hours, including normal sleep periods, less than about 4% corneal swelling.

53. An ophthalmic lens of claim 1, wherein said period of extended continuous contact is at
least 24 hours.
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54. An ophthalmic lens of claim 53, wherein said period of extended continuous contact is
at least 4 days. '

55. An ophthalmié lens. of claim 54, wherein said period of extended continuous contact is
at least 7 days.

56. An ophth_almic lens of claim 55, wherein said period of extended continuous contact is
at least 14 days.

§7. An ophthalmic lens of claim 56, wherein said period of extended continuous contact is
at least 30 days.

58. An ophthaimic lens of claim 1, wherein said lens has a tensile modulus of 3 MPa or
less.

59, An ophthaimic lens of claim i,.wherein said lens has a short rélaxafion time constant of
greater than .about 3.5 seconds..

60. An ophthalmic lens of claim 59, wherein said lens has an lonoton lon Permeability
Coefficient, P, of greater than about 0.2 x 10 cm®/sec.

61. An ophthalmic lens of claim 59, wherein said lens has an lonoflux Diffusibn Coefficient
of greater than about 2.6 x 10°° mm*/min.

. 62. An ophthaimic lens of claim 59, wherein said lens has a Hydro_dell Water Permeability
Coefficient of greater than about 0.2 x 10 cm%/sec.

63. An ophthalmic lens of claim 1, wherein the polymeric material has a tan 5 above about
0.25 at about 10 Hz. |

64. An ophthalmic lens of claim 1, wherein said lens has an lonoton lon Permeability
Coefficient of greater than about 0.3 x 10 cm?/sec, a tensile modulus of 3 MPa or less, and
a short relaxation time constant of greater than about 3.5 seconds.
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65. An ophthalmic lens of claim 1, whareln said lens has an lonoflux Diffusion Coefficient of

greater than about 2.6 x 10° mmzlmin a tensule modulus of 3 MPa or less, and a short
relaxation time constant of greater thgn about 3.5 seconds.

66. An ophthalmic lens of claim 1, whsrem sald lens has a Hydrodell Water Permeability
Coefiicient of greater than about 0.3 x 10 cm¥/sec., a tensile moduius of 3 MPa or less,
and a short relaxation time constant of greater than about 3.5 seconds.

~ 67. An ophthalmic lens of claim 1, wherein said lens comprises a core polymeric material

and an ophthalmically compatible surface which is a hydrophlllc surfaee, wherein:
‘said surface is more hydrophilic than said core,

said period of extended continuous contact is at least 7 days,

said core material has an lonoton lon Permeability Coefficient of greater than about 0.3 x
10" cm®/sec, a tensile modulus of 3 MPa or less, and a short relaxation time constant of
greater than about 3.5 seconds,

said lens has an equilibrium water content of about 10to about 30 weight percent when
tested in accordance with the Bulk Technicque, S
said lens has an oxygen permeability of at least 70 barrerslmm. and '-
said lens is an extended-wear contact lens.

68. An ophthalmic lens of claim 1, wherein said lens comprises a core polymeric material
and an ophthalmlcally compatible surface which is a hydrophlhc surface, wherein: -
said surface is more hydrophilic than said core,
said period of extended continuous contact is at least 7 days,

~ said core material has an lonoflux Diffusion Coefficient of greater than about 2.6 x 10°®

m?/min., & tensile modulus of 3 MPa or less and a short relaxation time constant of

greater than about 3.5 seconds,
said lens has an equilibrium water content of about 10 to about 30 welght percent when
tested in accordance with the Bulk Techmque,
said lens has an oxygen permeability of at least 70 barrers/mm, and
said lens is an extended-wear contact iens.

69. An ophthaimic lens of claim 1, wherein said lens comprises a core polymeric material
and an ophthalmically compatible surface which is a hydrophilic surface, wherein:

said surface is more hydrophilic than said core,

said period of extended continuous contact is at least 7 days,
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said core material has a Hydrodell Water Permeability Coefficient of greater than about 0.2
x 10°® cm?/sec., a tensile modulus of 3 MPa or less, and a short relaxation time constant of
greater than about 3.5 seconds,

said lens has an equilibrium water content of about 10 to about 30 weight percent when
tested in accordance with the Bulk Technigue,

said lens has an oxygen permeability of at least 70 barrers/mm, and

said lens is an extended-wear contact lens.

70. An ophthalmic lens, comprising an inner and outer surface, wherein said inner surface
is adapted to rest immediately adjacent to the human comea, wherein said lens has the
following properties:

(a) an oxygen permeability from said inner to said outer surface sufficient to prevent
substantial corneal swelling during a period of extended wear;

{b) ophthaimic compatibility during a period of extended, continuous, mttmate oontact with
the ocular environment; and -

(c) ion or water permeability sufficient to allow lens movement on the eye in an amount
sufficient to sustain corneal health and wearer comfort.

71. An.ophthalmic lens of claim.70, wherein said period of extended wear.is at least 24
hours. |

72. An ophthaimic lens of claim 71, wherein said lens produces, after wear of about 24
hours, including normal sleep periods, less than about 8% corneal swelling.

. 73.- An ophthaimic lens of claim 72, wherein said lens produces, after wear of about 24
hours, including normal sleep periods, less than about 6% corneal swelling.

74. An ophthaimic lens of claim 73, wherein said lens produces, after wear of about 24
hours, including normal sleep periods, less than about 4% corneal swelling.

75. An ophthalmic lens of claim 71, wherein said extended period of wear is atleast 4
days.

76. An ophthalmic lens of claim 75, wherein said extended period of wear is at least 7
days.
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77. An ophthalmic lens of claim 76, wherein said lens produces, after wear of about 7 days,
including normal sleep periods, less than about 10% corneal swelling. :

78. An ophthaimic lens of claim 77, wherein said lens produces, after wear of about 7 days.
including normal sleep periods, less than about 7% comeal swelling

79. An ophthalmic lens of claim 78, wherein said lens produces. after wear of about 7 days,
including normal sleep periods, less than about 5% corneal swelling.

80. An ophthalmnc lens of claim 70, wherein said period of extended wear is at least 14
days.

81. An ophthalmic lens of claim 80, wherein said extended period of wear is at least 30
days. ' :

'82. An ophthaimic lens of claim 70, wherein said oxygen permeability (Dk) is at least 70
barrers/mm.

83. An ophthalmic lens of claim 70, wherein said lens has a tensile modulus of 1.5 MPa or
less.

84. An ophthalmic lens of claim 70, wherein said lens has a short relaxation time constant
of greater than about 3.5 seconds.

85. An ophthaimic lens of claim 1, wherein the polymeric material has a tan 8 above about
0.25 at about 10 Hz.

86. An Ophthalmnc lens of claim 70, wherein said fens has an lonoton lon Permeablluy
Cosfiicient of at least about 0.2 x 10 ¢ Isec : :

87. An ophthalmic lebs of claim 70, wherein said lens has an lonofiux Diffusion Coefficient
of greater than about 1.5 x 10°° mm?%min.

' 88. An ophthaimic lens of claim 70, wherein said lens has a Hydrodell Water Permeability
Coefficient of greater than about 0.2 x 10 cm®/sec.
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89. An ophthalmic lens of claim 70, wherein said extended period of wear is at Isast 24
-hours and said oxygen transmissibility is at least 80 barrers/mm, and wherein said lens has
a tensile modulus of 1.5 MPa or less, a short relaxation time constant of 1.4 to 10 seconds,
and an lonoton lon Permeability Coefficient of at ieast 0.2 x 10 cm*/sec.

90. An ophthalmic lens of claim 70, wherein said extended period of wear is at léast 4 days
and said oxygen permeability (Dk) is at least 90 barrers/mm, and wherein said lens has a
tensile modulus of 1.5 MPa or less, a short relaxation time constant of gréater than about
3.5 seconds, and an lonoton lon Permeability Coefficient of at least 0.4 x 10° cm®/sec

81. An ophthaimic lens of claim 70, wherein said extended period of wear is at least 4 days
and said oxygen permeability (Dk) is at least 80 barrers/mm, and wherein said lens has a
tensile modulus of 1.5 MPa or less, a short relaxation time constant of greater than about
3.5 seconds, and an lonoflux Diffusion Coefficient of greater than about 1.5 x 10" mm?/min.

92. An ophthaimic lens of claim 70, wherein said extended period of wear is at least 4 days
and said oxygen permeability (Dk) is at least 90 barrers/mm, and wherein said lens has a
tensile moduius of 1.5 MPa or less, a short relaxation time constant of greater than about
3.5 seconds, and-a Hydrodell Water Permeability Coefficient of greater than about

0.2 x 10 cm?/sec.

93. A method of using a contact iens as an extended wear lens, said iens having
ophthalmically compatible inner and outer surfaces, said lens being suited to extended

- periods of wear in continuous, intimate contact with ocular tissue and ocular fluids, said lens
comprising a polymeric material which has a high oxygen permeability and a high water
permeability, said polymeric material being formed from polymerizable materials including:
{(a) at least one oxyperm polymerizable; and-

(b) at ieast one ionoperm polymerizable,

wherein said lens allows oxygen permeation in an amount sufficient to maintain corneal
health and wearer comfort during a period of extended, continuous contact with ocular
tissue and ocular fluids, and

wherein said lens allows ion permeation in an amount sufficient to enable the lens to move
on the eye such that corneal health is not substantially harmed and wearer comfort is
acceptable during a period of extended, continuous contact with ocular tissue and ocular
fluids,

said method comprising the steps of:



| A O | — —

" WO 961 | PCT/EP96/01265
_; : __..?-31 16 -
(8) applying said lens to the ocular én\;ifoﬁment and

~ (b) aliowing said lens to remain in mtlmate oontact with the ocular environment for a first
period of at least 24 hours co - -

94. Amethod of claim 3, further including the steps of:

{c) removing said iens from the ocular env:ronment

(d) disinfecting or cleamng said Iens,

(e) re-applying said lens to the ocular enwronment and

() allowing said lens to rernain in mttmate contact with the ocular environment fora
second period of at least 24 hours. '

85. A method of claim 9‘3’."Wh'erein sai'd-ﬁr"c't' tntim_ata cohtact period is at least 4 days.
96. A method of claim 94, wherein said ﬁrst and second intimate contact periods are at
least 4 days. :

97. A method of claim 85, wherein said first intimate contact period is at least 7 days.

98. A method of claim 98, wherein sald first and second intimate contact penods are at
isast 7 days.

99. A method of claim 97, wherein said ﬁrst intimate contact poriod"is at least 14 days.

100. A method of claim 98, wherein said ﬁrst ‘and second intimate contact panods are at
least 14 days. - : :

101. A method of claim 99, wherein said first intimate contact period is at least 30 days.

102. A method of claim 100, wherem said first and second intimate contact penods are at
least 30 days. ' - :

103. An ophthalmic lens of claim 93, wherein said lens produces, after wear of about 24
hours, including homal sleep periods, less than about 8% corneal swelling.-

104. An ophthalmic lens of claim 103, wherein said lens produces, after wear of about 24
hours, including normal sleep periods, less than about 6% corneal swelling.

Fin,
.
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105. An ophthaimic lens of claim 104, wherein said lens produces, aﬁer wear of about 24
hours, including normal sleep periods, less than about 4% corneal swelling.

106. . An ophthalmic lens of claim 93, wherein said lens produces, after wear of about 7-
days, including normal sleep periods, less than about 10% corneal swelling.

107.- An ophthalmic lens of claim 106, wherein said lens produces, after wear of about 7
days, including normal sleep periods, less than about 7% corneal swelling. -

108. An ophthalmic Iens of claim 107, wherein said lens produces, after wear of about 7
days, including normal sleep pe_ripds. !ess than about 5% corneal swelling.

109. A method of forming a biocompatible lens having high oxygen permeability and high
water permeability, said method comprising the steps of:

(a) forming a core material including:

(1) at least one continuous pathway from front curve to base curve surfaces for oxygen
transmission therethrough, and

(2) at least one continuous pathway.from front curve to base curve surfaces for water.
transmission therethrough; and

(b) altering the surface of said core material to produce a surface which is more hydrophilic
than said core material, ' |

whereby said lens allows oxygen permeatuon in an amount sufficient to maintain corneal
health and wearer comfort during a period of extended, continuous contact with ocular
tissue and ocular fluids, and |

whereby said lens allows ion permeation in an amount sufficient to enable the lens to move
on the eye such that corneal health is not substantially harmed and wearer comfort is
acceptable during a period of extended, continuous contact with ocular tissue and ocular
fluids.

110. A method of claim 109, wherein said ophthaimic lens has an oxygen permeability of at
least 70 barrers/mm.

111. A maihod of claim 110, wherein said ophthaimic lens has an oxygen permeability of at
least 87 barrers/mm. -
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112. A method of claim 109, wherein said intimate contact period is at least 24 hours.

113. A method of claim 112, Whe;éin said intimate contact period is at least 7 days.

114. A method of claim 108, wherem said Iens has an lonoton lon Permeability Coefficient s
of at least about 0.3 x 10° cm*/sec.

115, An ophthalmic lens of claim 109, whersin said‘iens has an lonoflux Diffusion
Coefficient of greater than about 1.5 x 10°° mm?/min,

116. An ophthalmic lens of claim 108, wherein said feris has a Hydrodeil Water
Permeability Coefficient of greater than about 0.2 x 10° cm?/sec. '

117. A method of claim 111, wherein said intimate contact period Is at least 7 days.
118. A method of claim 112, wherein said intimate contact period is at least 14 days.

119, A method of claim 118, wherein said surface altering comprises plasma treating said
surface to render said surface more hydrophmc than said core. ' 5‘5

120. An ophthalmic lens having ophthalmically compatible inner and outer surfaces, said
lens being suited to extended pariods of wear |n contmuous. mtlmate contact with ocular
tissue and ocular fiuids, said lens compnsmg a polymenc material which has a high oxygen
permeability and a high ion permeability, said polymeric material being formed from

polymerizable materials oompnsmg at least one polymenzable material comprising:

(a) at least one oxyperm segment and

(b) at least one |onoperm segmant

wherein said lens allows oxygen permeatnon in an amount sufficient to maintain corneal

health and wearer comfort during a period of extended, continuous contact with ocular

tissue and ocular fluids, and

wherein said lens allows ion or water permeation in an amount sufficient to enable the lens

to move on the eye such that corneal health is not substantially harmed and wearer comfort

is acceptable during a period of extended, continuous contact with ocular tissue and ocular

fluids.
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121. An ophthalmic lens of claim 120, wherein said ophthalmic lens has an oxygen
transmissibility of at least about 70 barrers/mm.

122. An ophthalmic lens of claim 121, wherein said ophthalmic lens has an oxygen
 transmissibility of at least.about 75.barrers/mm. :

123. An ophthalmic lens of claim 122, wherein said ophthalmic lens has an oxygen
transmissibility of at least about 87 barrers/mm.

124. An ophthalmic lens of claim 120, wherein said lens has an lonoton lon Permeability
Coefficient of greater than about 0.2 x 10 cm®/sec. -

125. An ophthalmic lens of claim 120, wherein said lens has an lonbﬂux Dittusion
- Coefficient of greater than about 1.5 x 10"° mm?/min.

126. An ophthalmic lens of claim 120, wherein said lens has a Hydrodell Water
Permeability Coefficient of greater than about 0.2 x 10°° cm®/sec.

127. A method of screening an ophthalmic lens for utility as an extended-wear lens, said:

- method comprising the steps of:
(a) allowing said lens to be fully hydrated by allowing said lens to equmbrate in a saline
solution;

- {b) testing the lens to determine a factor which is a function of the oxygen transmissibility of
said lens;
(c) testing the lens to determine a factor which is a function of the ion or water permeability
of said lens; and
(d) selecting said lens as an extended-wear lens if said oxygen transmissibility factor and
said water or ion permeabiliity factor are both above predetermined limits which are
established to ensure good corneal health and wearer comfort when said lens is in intimate
contact with a human eye for a period of continuous, extended wear of at least 24 hours.

128. A screening method of claim 127, wherein said ion permeability factor is the lonoton
lon Permeability Coefficient

129. A screening method of claim 128, wherein saad lonoton lon Permeability Coefficient is
greater than about 0.3 x 10° cm®/sec.
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130. A screening method of claim 127, wh'erein:said ion permeabiiity factor is the lonoflux
Diffusion Coefficient.

131. A screening method of claim 130, wherein said Ionoﬂux Diffusion Coefficient is
greater than about 2.6 x 10°® mm’/min

132. A screening method of claim 127, whierein said water permeabmty factor is the

Hydrodell Water Permeabmty Coefficient.

133. A screening method of claim 132, wherein said Hydrodell Water Permeability
Coefficient is greater than about 0.3 x 10° "'Isec

134. A screening method of claim 128, wherein said oxygen transmissibility factor is the Dk
and the limit is 70 barrers/mm.
135. A screening method of claim 131, wherein said oxygen transmissibility factor is the Dk
and the fimit is 70 barrers/mm.

136. A screening method of claim 133, wherein said oxygen transm:sslbulity factor is the Dk
and the limit is 70 barrers/mm.

- 137. A polymer composition having good optical clarity and high oxygen permeability,

comprising:
(a) about 5 to about 94 dry weight percent of a macromer having the formula:

R1 Rz

s—CC s—NCO—R, ~F0 jj R-—-'ﬁ.. ;) liO L
Ryg Eo—a,s Iﬁ 11"'E“§',,T T—_, Tco——RsFl3 7 |.——

H H H R, o Ry
——R,,oaa——oilin—n Tco—Ewg;-R,a—ocT——'RM—oc-_—-R,s |
H H

wherein:
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R, and R.are selected from C,-Cs alkyl,

Rs, R4, Rs, and Rsare selected from C,-C; alkylene, ,

R; and Re are selected from linear or branched alkylene and bivalent cyclbalkylene.
Rg, R, R14, and -R«xz are selected from C1-Cz alkylene. .

Rys and Ry, are selected from C,-Cs alkylene,

Ris and Ryeare selected from linear or branched lower alkenylene,

m and p, independently of one another, are about 3 to about 44, and

n is about 13 to about 80, | | | |
wherein said macromer has a number-average molecular weight of 2000 to 10,000;
{b) about 5 to about 60 weight percent of an acrylated or methacrylated siloxane monomer;
(c) about 1 to about 30 weight percent of an acfylate or methacrylate monomer; and
(d) Oto 5 weight percent cross-linking agent; :

wherein said weight percentages are based upon the dry weight of the poiymer
components. '

138. A polymer of claim 137, wherein said siloxane monomer is 3-methacryloxypropyitris
{trimethyisiloxy)silane.

139. A polymer of claim 137, comprising:.

{(a) 70 to 80 weight percent of said macromer; -

(b) 8 to 20 weight percent of said siloxane monomer;
(c) 1 to 5 weight percent hydrophilic monomer; and
{d) 0to 2 weight percent cross-linking agent.

140. A polymer of claim 137, comprising about 10 to about 50 weight percent water.

141. A polymer of claim 140, wherein said water content is about 10 to about 30 weight
percent.

142. A polymer of claim 141, wherein said water content is about 15 to about 22 weight
percent.

143. A polymer of claim 139, comprising about 80 to 84 weighi percent of said polysiloxane
macromer.
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144. A polymer of claim 139, comprising about 12 to 15 weight percent
methacryloxypropyltris (trimethyisiloxy)silane.

145. A polymer of claim 137, wherein said acrylate or methacrylate componem is 2-
hydroxyethyl methacrylate.

' 146. A polymer of claim 140, comprising about 3. to about 4 weight percent of 2-
hydroxyethyl methacrylate

147. A polymer of claim 137, wherein said cross-llnking agent is ethylena glycol
dimethacrylate.

148. A polymer of claim 147, comprising about 0.7101.2 welght percent ethylene glycol
dimethacrylate

149, A polymer of claim 137, comprising:
{a) about BO to about 84 weight percent polysiloxane macromer;
(b) about 12 to about 15 weight percent methacryloxypropyitris (trimethyisiloxy)silane;
(c) about 3 to about 4 weight percent 2-hydroxyethyl methacrylate; and
(d) about 0.7 to 1.2 weight percent ethylene glycol dimethacrylate. @

o

150. A polymer of claim 149 having about 15 to about 22 weight petcent water, based on }
total polymer weight.

151. A contact lens, comprising the polymer of claim 137.

152. A contact lens of claim 151, having a Dy, greater than 80 barrers and a water content
of about 10 to 30 weight percent.

153. A contact lens, comprising the polymer of claim 139.
154. A contact iens, comprising the polymer of claim 150.

155. A contact lens of claim 154, having a Dy greafer than 80 barrers and a water content ‘
of about 10 to 30 weight percent.
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156. A method of forming a molded polymeric article suitable for ophthalmic applications,
comprising the steps of: | _
(a) contacting a poly{dialkyisiloxane) dialkanol with a diisocyanate compound in the
presence of a first catalyst at conditions sufficient to cause reaction of said dialkanol with
said diisocyanate, thereby forming a first mixture;
(b) contacting said first mixture with poly(alkyiene glycol), a second catalyst, and sufficient
solvent to ensure mixture homogeneity, thereby forming a second mixture;
(c) evaporating sufficient solvent from said second mixture to generate a third mixture
having a solids content of about 40 to 60 weight percent; |
(d) adding isocyanatoalkyl methacrylate to said third mixture, thereby forming a fourth
mixture containing a polysiloxane macromer,; _
(e) adding to said fourth mixture 3-methacryloxypropyitris(trimethylsiioxy)silane (TRIS), a
hydrophilic monomer, a cross-linking agent and a photoinitiator, thereby forming a fifth
mixture;
(h placing said fifth mixture into a mold; and
(9) applying sufficient radiation to said fifth mixture to copolymerize the polymerizabie

~ material contained therein, thereby forming said polymeric material into a molded polymeric
article.

157. A method as recited in claim 156, wherein said molded polymeric article is a contact
lens.

158. A method of claim 156, comprising the steps of:

(a) contacting poly{dimethylsiloxane) dialkanol with isophorone diisocyanate in the
presence of dibutyltin dilaurate at conditions sufficient to cause reaction of said dialkanol
with said diisocyanate, thereby forming a first mixture;

{b) contacting said first mixture with poly{ethylene glycol), dibutyitin dilaurate, and sufficient
solvent to ensure mixture homogeneity, thereby forming a second mixture;

{c) evaporating sufficient solvent from said second mixture to generate a third mixture
having a solids content of about 40 to 60 weight percent;

(d) adding isocyanatoethyl methacrylate to said third mixture, thereby forming a fourth
mixture containing a polysiloxane macromer,;

(e) adding to said fourth mixture 3-methacryloxypropitris(trimethylsiloxy)silane, 2-
hydroxyethy! methacrylate, ethylene glycol dimethacrylate and a photoinitiator, thereby
forming a fifth mixture;

() placing said fifth mixture into a mold; and
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" {(g) epplying sufficient radiation to copolymerize said polysiloxane macromer, TRIS,
HEMA, and EGDMA, thereby forming said polymeric material into a molded palymeric
article. B

.



