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POLYMERS AND NANOGEL MATERIALS AND METHODS FOR MAKING AND
USING THE SAME

RELATED APPLICATIONS

This application claims priority to U.S. Provisional Patent Application No. 61/651767,
filed on May 25, 2012, entitled “POLYMERS AND NANOGEL MATERIALS AND
METHODS FOR MAKING AND USING THE SAME”; 11.S. Patent Application No.
13/840919, filed on March 15, 2013, entitled “POLYMERS AND NANOGEL MATERIALS
AND METHODS FOR MAKING AND USING THE SAME”; U.S. Provisional Patent
Application No. 61/771961, filed on March 4, 2013, entitled "POLYMERS AND NANOGEL
MATERIALS AND METHODS FOR MAKING AND USING THE SAME”; 13/859694, filed
on May 22, 2013, entitled “POLYMERS AND NANOGEL MATERIALS AND METHODS
FOR MAKING AND USING THE SAME”; U.S. Provisional Patent Application No. 61/771959
filed March 4, 2013, entitled “"CONTACT LENSES COMPRISING WATER SOLUBLE N-(2
HYDROXYALKYL) (METHJACRYLAMIDE POLYMERS OR COPOLYMERS”; and U5,
Patent Application No. 13/899676 filed May 22, 2013, entitled “CONTACT LENSES
COMPRISING WATER SOLUBLE V-2 HYDROXYALKYL) METHYACRYLAMIDE
POLYMERS OR COPOLYMERS”; the contents of which are incorporated by reference.

TECHNICAL FIELD

{0001} The present invention relates fo copolymers that arc cross-linked but not
macroscopically gelled. The copolymers do not have separate terminal scgments which can
associate with a polymeric substrate.  Such copolymers can be amphiphilic or hydrophilic.
Nanogel materials are also provided. These copolymers and nanogel materials may be
mecorporated info a variety of substrates, including medical devices, to improve the wettability

and lubricity and inhibit protein and/or Hpid uptake thereof,

BACKGROUND
{6002} Contact lenses have been used commercially to improve vision since the 19350s.

The first contact lenses were made of hard matertals. Although these lenses are currently used,
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they are not widely used due to their poor initial comfort and their relatively low permeability to
oxygen. Later developments in the ficld gave rise to soft contact lenses, based upon hydrogels.
Many uscrs find soft lenscs are more comfortable, and increased comfort levels allow soft
contact lens users to wear their lenses for longer hours than users of hard contact lenses.

16003} Another class of avatlable contact lenses is silicone hydrogel contact lenses.
Silicone-containing components arc combined with conventional hydrogel components to form
stlicone hydrogels which display increased oxvygen permeability comparcd to conventional
hydrogels. However, some silicone hyvdrogels display undesirably high contact angles and
protein uptake compared to conventional hydrogel lenses.

{0004] Various compounds have been disclosed as suitable for irecating preformed
stlicone hydrogel contact lenses including surface active segmented block copolyrers,
substantially water-soluble silicone-containing surfactants, functionalized hybrid PDMS/polar
arophipathic copolymer block systems, mcluding polydimethylsiloxane-PVP block copolymers
and {methjacrylated polyvinyilpyrrolidone.  U.S. Patent Appln. Ser. No. 2011/0275734 s
directed to “non-reactive, hvdrophilic polymers having terminal siloxanes,” which have lingar or
branched hydrophilic segments. There remains a need for methods for improving the properties

of contact lenses and particularly silicone hydrogel contact fenses.

SUMMARY OF THE INVENTION

10005] The present invention relates to compositions comprising, consisting and
consisting essentially of at least one hydrophilic nanogel material comprising, consisting and
consisting essentially of one or more cross-linked copolymers, wherein said copolymer
comprises, consisis and consists essentially of one or more primary polymer chain having a
degree of polymerization in the range of about 18 to about 10,000, and wherein said hydrophilic
nanogel material (a) associates, with a surface and (b) is free from terminal substrate associating
segInenis.

The present invention further relates to ophthalmic devices corprising, consisting and
consisting essentially of at teast one silicone~containing polymer and at least one water sohuble,
cross-linked copolymer comprising, consisting and consisting essentially of a plurality of
primary polymer chains cach having a degree of polymerization in the range of about 1) to about

10,000, wherein said copolymer is assoctated with at least one surface of said ophthalmic device
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and provides said ophthalmic device with a reduction in lipid uptake compared to the silicone-
containing polymer of at feast about 20%.

10006} The present invention relates to a process comprising, consisting and consisting
cssentially of contacting a contact lens with a solution comprising, consisting and consisting
essentially of a lipid uptake reducing amount of at least one water soluble, crosshinked
copolymer under contacting conditions suitable to associate said copolymer with said contact
iens; wherein said cross-linked copolymer compriscs, consists and consists cssentially of a
plurality of crosslinked primary polymer chains cach having a degree of polymerization in the
range of about 10 to about 10,000, wherein said crosshinked copolymer does not comprise
repeating units coroprising a carboxylic acid group bonded directly to the polyvmer backbone.
The present invention further related to a process comprising, consisting and consisting
essentially of! formung a reaction mixture comprising at least one hydrophilic component, at least
and at least one water soluble, cross-linked copolymer comprising, consisting and consisting
essentially of a plurality of primary polymer chains cach baving a degree of polymerization in
the range of about 10 to about 10,000, and curing said reaction mixture to form a contact lens,
The composifions of the present invention comprising, consisting and consisting essentially of

water soluble, crosslinked polymers having primary chains, §, represented by the formula

wherein Ry is a divalent group selected from the group consisting of optionally substituted
alkviene; optionally substituted saturated, unsaturated or aromatic carbocyclic or heterocyclic
rings; optionally substituted alkylthio; optionally substituted alkoxy; or optionally substituted

dialkylamino;

U is independently selected from the group consisting of hydrogen, halogen, C1-Cy alkyl which
may be optionally substituted with hydroxyl, alkoxy, aryloxy {(OR”)}, carboxy, acyloxy, aroyloxy

{{HCR™Y, alkoxy-carbonyt, arvloxy-carbonyl (COR™} and combinations thereof.
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V is independently selected from the group consisting of R”, -COnR”, -COR”, -CN, -CONH;, -
CONHR”, -CONR™;, -O,CR”, -OR”, cyclic and acyclic MN-vinyl amides and combinations

thercot:

R~ is independently selected from the group consisting of optionally substituted Ci-Cyg alkyl, Cs-
Cis atkenyl, aryl, heterocyelyl, alkaryl wherein the substituents are independently selected from
the group that consists of epoxy, hydroxyl, alkoxy, acyl, acyloxy, carboxy, carboxylate, sulfonic
acid, and sulfonate, alkoxy- or aryloxy-carbonyl, isocyanato, cyvana, silyl, hale, dialkyvlaming;
phosphoric acids, phosphates, phosphonic acids, phosphonates and combinations thereof]

Rys” and Rys are residucs of hydrophilic, free radical reactive cross-linking agents;

Re is a controlled radical polymerization agent and in some embodiments Ryy is selected from

the group consisting of monovalent RAFT agents, ATRP agents, TERP agents and NMP agents;

G, is another primary chain, are mole fractions, and ¢ is equal to about (.85 to about 8.999, B is

not 0, and the mole fractions of § and vy combined are about .15 to about ¢.001.

In another embodiment the compositions of the present invention comprise, consist and consist
cssentially of water soluble, crosslinked polymers having primary chains, , represented by the

formula

Wherein Ry, U, V, Rys, Rys, 1, B, v and m are as defined above.

{80071 The corpositions impart exccliont wettability and hubricity along with reduced
protein and/or liptd update, and polymeric articles associated with the same. Methods of making
and using these compositions are also disclosed. Compositions comprise semi-crosshinked,
ungelied copolymer which may be crosslinked after formation of the polymer chains, or may be

dertved from copolymerization of at least one cthylenically unsaturated monomer with a poly-
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functional cthylenically unsaturated monomer.  Such copolymers can be used as nanogel
compositions that contain at least one stable, block copolymer that is cross-linked but not
macroscopically gelied. The copolymers when preformed prior to crosslinking have a degree of
polymerization of in the range of about 10 to about 10,000, The copolymers of the present
application may be included in the reactive mixture from which the ophthalmic device is made,
or may be associated with ophthalmic device after the ophthalmic device is formed.
Incorporation of at least onc copolymer of the present invention on or in the ophthalmic device
provides an improvement in at lcast one property of said ophthalmic device, such as a reduction
in lipid uptake corapared to only the substrate, of at lcast about 20%. The copolymers can be can
be amphiphilic or hvdrophilic.

{0008] Also provided arc mcthods of inhibiting or reducing lipid uptake by a contact
ienses, the methods comprising contacting the contact lenses with a solution coroprising at least
one water soluble, crosshinked copolymer having a degree of polymerization of about 10 to about
16,000, under conditions to enirap or associate said water sohuble, crosslinked copolymer with

said contact lens,

DESCRIPTION OF THE DRAWINGS

FIG. | is a graph of the molecular weight vs, lipid uptake for senofilcon A lenscs treated with

PVP-Siloxanc copolymers.

DETAILED DESCRIPTION

{0009] Before describing several cxemplary embodiments of the invention, it is to be
understood that the invention is not Hmited to the details of construction or process steps set forth
in the following description. The invention is capable of other embodiments and of being
practiced or being carried out in various ways.

{0018} It has been found that despite advances made by the use of previously developed
non-reactive, hvdrophilic polymers having terminal siloxanes, which have linear, branched or
combed hydrophilic segmeuts, in redocing hipid and/or protem uptake and enhancing lubricity
and wettability of contact lenses, a limit on improved properties is reached as molecular weight

increases. FIG. | depicts this limut with respect to mwolecular weight, From the plot in Figore |,
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it is apparent that for senofilcon A lenses treated with PYP-Siloxane copolymers with increasing
molecular weights, the fipid uptake decreases to a minimal level of about 15 pg/lens when the
hydrophilic PVP scgment reaches a molecular weight of about 80 kDa. For lenses treated with
PVP-Siloxanc copolymers with molecular weights above 80 kDa, no additional reduction in lipid
uptake on senofileon A is observed.

{8011} Surprisingly, it has been found that polymer nanogels having cross-linked or
“bridged” hydrophilic scgments, without scparate substratc associating scgments can lead to
contact lenscs with improved properties, for cxample, reduced lipid and protein update as wel as
lower friction. Also, it is thought that choicc of cross-linking agent and degree of cross-linking
can be tailored according to desired applications and specific subsirate material,

18012} As used herein “associated” means that the copolymer is retained in or on the
substrate without covalent bonding.  Associated may wchude physical retention, such as
entanglement or anchoring, or hydrogen bonding, van dor Waals forces, dipole-dipole
interactions, electrostatic atiraction, and combinations of these effects. 1t has been surprisingly
found that the association between the semi-crosslinked block copolymers and the subsirate is
persistent, and is maintained even with digital robbing. When the substrate 1s a contact lens, the
semi~crossiinked block copolymers are retained tn and/or on the contact lenses through the
desired wear cycle, including in embodiments where the contact lens is a reusable fens, through
cleaning with a digital rub.

{8813} As used herein “associative segruent” means a portion of the terminal segment of
the polymer that is retained or associated in or on a surface, region, or segment of a substrate.
An associative segment can be hydrophilic or hydrophobic.

{6014} As used herein “non-reactive” means the WSC polymer lacks functional groups
which form covalent bonds under the reaction, storage and use conditions. For example, when
the hydrophilic polymer is contacted with a substrate such as a contact lens before autoclaving,
very fow (less than [wit%) of the WSC polymers contain residual reactive groups. Even if
residual groups were present, the contacting conditions lack the initiators necessary to catalyze
free radical reactions. Thus, the WS is incapable of forming covalent bonds with the substrate.
it will be appreciated by those of skill in the art that while a very small number of WSC polymer
{less than 5 wit%, and less than | wit%) may have a residual reactive group, there are too fow

residual reactive groups to associate desirable or functional amounts of the crosslinked nanogel

G
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with the substrate. The vastly predominating cffect keeping the WSC polymer associated with
the substrate is entrapment of at least a portion of the WSC polymer.

106015} The term “cross-linked” refers to the attachment of a polymer chain to one or
more polymer chain(s) via a bridge or multiple bridges, composed of cither an element, a group
or a compound, that join certain carbon atoms of the chains by primary bonds, inchuding
covalent, ionic and hydrogen bonds. In various cmbodiments of the invention disclosed herein,
cross-linking may occur via covalent bonding, ionic bonding, hyvdrogen bonding, or the like. An
exemplary embodiment of covalent cross-linking would include the in situ formation of cross-
links during a frec-radical copolymerization of a mono-vinyl monomer and monomer containing
multiple (1.e. 2 or more) vinyl substituents. Such a polymerization would result in the covalent
cross-linking of multiple polymer chains to cach other and (depending on the extent of mounomer
conversion and molar quantity of the cross-linker) the formation of a macroscopic gel.

{0016} fonic cross-hnking of polymer chains may occur i situ (e during
polymerization} or post-polvmerization. The lafter case may occur when an aqueous solution
containing a polymeric cafionic material is added to an aqueous solution containing a polymeric
antonic material. Upon migture of the two ionic polvmers, polymer-polvmer complexation along
with small-counter-ton Hberation occurs, leading to the formation of ionically cross-hinked
polymer-polymer complexes. The solubility of such complexes is predominately governed by
the stoichiometry of positive and negative charge. Formation of such tonic cross-links between
polyvanionic and polycationic materials in solution s well known to those skilled in the art. The
former case of ionic cross-linking may occur when a mono-vinyl monomer s copolymerized
with a di-viny! cross-linker that s composed of two cthylenically unsaturated monomers which
are connected to cach other via an ionic bond. Such “ionic cross-linkers” may be formed by
combining an cthylenically unsaturated monomer containing an acidic {e.g. a carboxylic acid)
moicty with an cthylenically unsaturated monomer containing a basic moicty (e.g. a tertiary
amine} through simple acid/base chemistry to form a monomer-monomer complex or divinyl
covalent organic salt.

{8317} In the context of the disclosed invention, cross-linking via hydrogen bonding may
occur when g polvmer with multiple proton-donating moictics is combined in solution with a
polymer with multiple proton-accepting moictics. In such embodiments, the two polymers are

able to form solable or inscluble complexes, depending on the ratio of proton-donating groups to

3
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proton-accepting groups in the complex, as well as the abundance of additional solubilizing or
non-solubilizing moictics present on the polymer chains,

106018} As used herein “nanogel” means submicron hydrogel particles which are soluble
or indefinitely dispersible at room temperature in aqueous solutions. The solubility of a solution
may be confirmed by making a 1 wi% of the crosslinked nanogel in water and filtering the
solution through a 0.45 micron nylon syringe filter, such as thosc available from Whatman or
Pall Membranes. Agucous solutions (2 and in some cases 5 wi%) may be desirable. Solutions
which are soluble will maintain at least about 90% and in some embodiments at least about 95%,
99% of said nanogel in solution. In onc or more cmbodiments, the solutions are clear. In one
embaodiment the aqueous solution is at least about 50 weight % water or lens packing solution, in
some embaodiments at least about 70 weight %, 0 other embodiments at least about 30 weight %,
in other embodiments least about 99 weight %, and in other embodiments least about 99.5
weight %.

{0019] The water soluble, crosslinked (WSC) polymers or nanogels are in a
macroscopically ungelled state, making them soluble in agueous solations, including ophthalmic
solutions and compositions. The W3C polymers are gencrally in an ungelled state at the
temperature at which they are associated or incorporated into the ophthalmic solution or
composttion. For ophthalmic devices such as contact lenses, it may not be necessary for the
WSC polvmer to be ungelled once it is incorporated or associated with the contact lens.
However, for ophthalmic solutions, the WSC polymer generally remains ungelled throughout
storage, and in some embodiments, use. Small quantitics of gelled polymer (less than about 5
wt%} may be acceptable, and in some solutions, if the amount of gelied polymer is too great, it
can be removed by processes known in the art, such as filtration.

16020} Embodiments of water soluble, crosslinked polymers provided herein are
randomly cross-linked among and along the hydrophilic polymer chains. Agents used for cross-
linking arc termed cross-linking agents or cross-linkers.

{6021} As used herein, “at least partially hydrophobic polymer matrices” are those which
comprise repeating units derived from hydrophobic components such as hydrophobic monomers,
macromers and prepolymers. Hydrophobic components are those which are not soluble in water,
and which when homopolymerized or polymerized with only other hydrophobic components

have contact angles with respect to, for example, ophthalmic solutions such as wetting solutions

oo}
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of greater than about 94°. Examples of at least partially hvdrophobic polymer matrices include
contact lenses formed from PMMA, silicones, silicong hydrogels (both coated and uncoated),
stents, catheters and the like. . Examples of hydrophobic monomers, macromers and
prepolymers arc known and include monomers, macromers and prepolymers containing silicone
groups, siloxane groups, unsubstituted alkyl groups, aryl groups and the like. Specific exarmples
include silicone containing components such as monomcthacryloxypropyl terminated mono-n-
butyl terminated polydimethylsiloxancs {(800-1000 MW} {(mPDMS), monomethacryloxypropyl
terminated mono-n-methyl torminated polydimethyisiloxancs, TRIS, methyl methacrylate, lauryl
methacrylate, and the like.

10023} As used herein, “stable” means that the compound does vot undergo a change
through a single astoclaving cyvele of 121°C for 30 minutes which would deletertously affect the
desired properties of cither the wetting agent or the combination of the wetting agent and
polymer substrate.  For example, ester bonds between the stloxane segment and the polymer
segroent are in some embodiroents undesirable. The autoclaving may be conducted dry or in the
presence of an ophthalmically compatible saline solution, such as, but not limited to borate or

phosphate buffered saline.

Wh

{0623} As used herein, “vear-monodisperse” means a polydispersity index (PDI} of 1.
or less and refers to an individoal primary chain degree of polymerization and/or MW within a
cluster of cross-linked amphiphilic primary chains. In somg erobodiments, the polymers display
polydispersitics of less than about 1.3, and in others in the range of about 1.05 to about 1.3, It
should be appreciated by those skilled in the art that the individual near-monodisperse primary
chaing arc statistically cross-linked to onc anocther during polymerization, and as such, the
resulting water soluble, cross-linked, polymer clusters will have polvdispersity values in excess
ot 1.5.

{0624} As wsed hercin, “degree of polymerization” means the number of repeating units
per polvmer molecule or polymeric segment. For cxample, in one or more embodiments, the
copolymers of the present invention {(prior to crosslinking} can have a degree of polymerization
in the range of about 10 to about 18,000 {or about 50 to about 5000, or about 304 to about 5600,
or about 300 to about 2000, or about 100 to about 1000, or about 100 to about 500, or about 100

to about 300).
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{0625] As used herein, “cross-linker to primnary chain molar ratio” (XL:4-PC) refors to
the number of moles of cross-linker used during preparation of the copolymer in a ratio with the
number of moles of primary chain used in the preparation. The number of primary chains is
determined by the molar amount of controlied radical polymerization {CRP) agent, or control
agent, present. Specific embodiments include a cross-linker to primary chain molar ratio in the
range of about 0.005 to about 10 (or about 8.1 to about 5, or about 0.1 to about 1.5, or about 0.1
to about 1.25). Excmplary CRP agents include, but are not limited to: reversible addition
fragment transfor (RAFT) agents; atom transfer radical polymerization {ATRP} agents; telluride-
mediated polymerization (TERP) agents; and/or nitroxide-mediated living radical polymerization
(NMP} agents,

{0626} As used herein, “segment” or “block™ refers to a2 section of polymer having
repeating units with similar propertics, such as composition or hydrophilicity.

{0627} As used herein, “silicone segment” refers to {810}, The Si atom in cach —{Si0}-
repeating unit may be alkyl or aryl substituted, arc preferably substituted with Ci4 alkyl, and in

onc embodiment arc substituted with methyl groups to form a dimcethyisiloxane repeating unit.

{%28} As used herein s “hydrophilic assoctative scgment” is hydrophilic, but can
as te with the substrate vig hydrogen, or ionic bonding. For example, for lenses which

comprisc a proton acceptor such as DMA, NVP or PVP, the hydrophilic associative scgment
comprises proton donating groups. In this example, suitable proton donating groups include 4
acrylamidobutanoic acid (ACATM), N-hydroxyalkyl (methlacrylamide monomers such as N-(2
hydroxypropyl) methacrylamide, and N-(2.3-dihydroxypropylmethacrylanude; or vinyl bezoic
acid, It 1s a beoefit of the present invention that the crosslinked nanogels do not comprise
separate associative segments, because the primary chains are themselves capable of associating
with the selected substrate.

{0039] As used herein “hydrophilic” polymers or moonomers are those which yield a clear
single phase when mixed with water at 25°C at a concentration of at least about 13 wit%.

{0830} As used herein, “complexing segments” or “complexing groups” include
functional group pairs that exhibit strong non-covalent interactions, ¢.g. alkyl or aryl boronie
acids that interact strongly with diol functional groups or biotin and avidin binding. In one

erbodiment, the complexing segments may comprise monomers such as {(4-vinyiphenyhboronie

16
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acid, (3-acrylamidophenylhiboronic acid, or (4d-acrylamidophenvliboronic acid or N-{2-
acrylamidoethyl}-5-({3a8,45,6aR)-2-oxohexahydro- 1 H-thieno| 3,4-djimidazol-4-yl}pentanamide.
{0031} As used herein, “stimuli responsive components” include those which undergo a
physical or chemical change in response to a change in environmental conditions. Conditions
which can induce a change include pH, light, salt concentration, temperature, combinations
thereof and the ke, Examples of monomers which can be used to prepare stimmli responsive
components include but arc not limited to N-isopropylacrylamide, vinyl bezoic acid, or
acrylamidobutanoic acid (ACAIL), and the like.

18032} As used herein “substrate” refers to an article, such as a sheet, film, tube or more
complex form such as biomedical devices.

{0033} As used herein, a “biomedical device” is any article that is designed to be used
while either 1n or on mammalian tissues or fuwid. Examples of these devices include but are not
limited to catheters, implants, stents, sutures, bandages, and ophthalmic devices such as
intraccular lenses and contact lenses and the like.

16034} As used berein, the term “lens” refers to ophthalmic devices that reside in or on
the eve. These devices can provide optical correction, cosmetic enhancernent, UV blocking and
visible light or glare reduction, therapeuatic effect, including wound healing, delivery of dmgs or
nutraceuticals, diagnostic evaluation or monitoring, or any combination thereof. The term lens
includes, but is not limited to, soft contact lenses, hard contact lenses, intraocular lenses, overlay
lenses, ocular inserts, and optical inserts.

{6035} As used herein, a “silicone-containing polymer” is any polymer containing
sificone or siloxane repeating units. The silicone-containing polymer may be a homopolymer,
such as silicone clastomers, or a copolymer such as fluoro-silicones and silicone hydrogels. As
used herein, silicone hydrogel refers to a polymer comprising silicone containing repeating units
and in some cmbodiments, a water content of at least about 10%, and in some embodiments at
least about 2{(%.

{6036} As used herein "RAFT polymerization” or “RAFT” refors to reversible addition
fragmentation-chain transfer polymerization.

{0637} As used herein “reactive components” are the components in a polymerization
reaction mixture which become part of the structure of the polymer upon polvmerization. Thus,

reactive components include monomers and macromers which are covalently bound into the

11
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polymer network, Diluents and processing aids which do not become part of the structure of the
polymer are not reactive components.

{0038} As used herein “substituted” refers to alkyl groups which may contain halogens,
csters, aryls, alkenes, alkynes, ketones, aldchydes, cthers, hydroxyls, amides, amines and
combinations thercof,

{0639] As used herein “free radical source” refers to any suitable method of gencrating
free radicals such as the thermally induced homolytic scission of a suitable compound(s)
(thermal initiators such as peroxides, peroxycesters, or azo compounds), the spontancous
generation from monomer (e.g., styrenc), redox initigting systems, photochemical initisting
systeros or high energy radiation such as electron beam, X- or gamma-radiation. Chemical
species known to act as “free radical sources” are conunonly called mitiators by those skilled in
the art and will be referved to as such for the purposes of this disclosure.

{0040} As used herein “proton donating segments” or “proton donating functional
groups” are functional groups which have the ability to donate a proton to a proton accepting
segment or group under lens forming, antoclaving or storage conditions. Proton donating
functional groups imclode alcohols, acids, primary amides, and the like.

{6041} As used hergin “proton accepting segments” or “proton accepting functional
groups” are functional groups which have the ability to accept a proton under lens forming,
autoclaving or storage conditions. Proton accepting groups include amines, amides, carbonyils
and the hike.

16042} In one cmbodiment, the WSC polymer of the present invention is a stable

polymeric wetting agent, which i3 free of torminal substrate associating segments.  Said

jite]

polymers are comprised of material or polymer that has an affinity for at least a portion of a
medical device and provide the desired improvements in substrate performance. The polymeric
wetting agents may beneficially be associated with the substrate in a single step, without prior
pretreatment.

{06043} Thus, the water soluble, crosslinked polymers are formed from components which
are hydrophilic and have an affinity for a given medical device. For exampie, the water soluble,
crosslinked polymers may be formed from components that contain proton donating and proton
accepting functional groups. In one such embodiment, the WSC polymers could contain

multiple proton donating functional groups, such as alcohols, and thus have an affinity for
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medical devices or other surfaces which proton are accepting. Conversely, the water soluble,
crosslinked polymers could contain multiple proton accopting functional groups, such as amides,
and thus have an affinity for medical devices or other surfaces which are proton donating. Yetin
other embodiments the WSC polymers could contain multiple ionic functional groups, such as
carboxylates, sulfonates, ammonium salts, or phosphonium salts, and thus have an affinity for
medical devices with an opposite charge to that of g given ionic the water soluble, crosslinked
polymers. In other embodiments the WSC polymers contain functional groups capable of
undergoing complexation with other complementary functional groups on a medical deviee or
surface. For cxample, the water soluble, crosshinked polymers could contain multiple boronic
acid functionalities and associate with a medical device or surface which contains multiple
hydroxyl groups. In an alternative embodiment, the hydroxyl groups may be contained within
the water soluble, crosshinked polymers and be associated with a surface containing multiple
boronic acid functional groups. In some embodiments, the water soluble, crosslinked polymer is
stimuli responsive and s comprised of functional groups that, when incorporated into polymeric
form, cause the resulting polymer to be water-soluble or water-insoluble under different solution
conditions. For cxample, the water soluble, crosshinked polymers might be comprised of a
temperature~-responsive  polymer, such as poly{N-isopropylacrylamide} (PNIPAM]}, which
undergoes a phase-transition in water at 32°C. Therefore, at solution temperatares below 32°C,
said PNIPAM polvmer is water-sohible and hydrophilic, while at higher solution temperatures
(i.c. greater than 32°C} it 1s water~-insoluble, hydrophobic, and able to associate with a medical
device or surface which contains at least one hydrophobe.

16844} In one embodiment, the water soluble, crosslinked polymers formed by the
copolymerization of an cthylenically unsaturated monomer with a poly-functional cthylenically
unsaturated monomer.

{045} The hydrophilic primary chain, {, comprises statistically distributed repeating

units of G, D, and E with the following formulae:

Y
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C CHymmr

L= J
v R15 R"ES
Gi
Formula 1
{0046} The terms o, B, and vy, specity the relative molar amounts (in terms of mole

fraction) of G, I, and E that comprisc the water soluble, crosslinked polymer. In some
embodiments, ¢ is ¢qual to about 8.85 to about 0.999, about (.92 to about 8.999, about (.95 to
about 8.999, and about 8.97 to about $.999, while the sum of § and v for cach respective range of
o would be equal to about 0.15 to about 0.001, about 0.08 to about 0.001, about 6.05 to about
0.001, and about 8.025 to about .001. For the purposcs of the disclosed invention, the mole
fraction of D in the water soluble, crosslinked polymer, (i.c. B} of a primary chain is intended to
be maximized, compared to that of E (i.e. v} thus maximizing the number of cross-links between
& and other {-privoary chains, te. very fow unreacted R’y moieties reroain. Al mole-fraction
ranges of o, B, and v are based on the relative amounts of monomer and cross-linker employed in
the monomer feed of a given embodiment and assumes that the reactivity differconces between
vinyl-substituents on  the movnomer and cross-linker are minimal, ie¢. near-statistical
incorporation occurs. In one embodiment, the nanogels of the present are substantially free from

unreacied R'ys groups. When R'ys comprises a double bond, this mayv be confirmed via FTIR or
fei] 92 o
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other methods capable of detecting the presence of double bonds. In one embodiment, Rys and
R’ys arc substantially free of siloxane repeating units and in another cmbodiment are
substantially free of silicone.

{00471 Structurc I may contain a terminal thiocarbonylthic moiety, while in other
embodiments, it may not,

{0048] U is sclected from the group consisting of hydrogen, halogen, C-Cy alkyl which
may be opticnally substituted with hydroxyl, alkoxy, aryloxy (OR”}, carboxy, acylory, aroyloxy
{(,CR™y, alkoxy-carbonyl, aryloxy-carbonyl (CO,R”) and combinations thereof. Preferably, U
may be sclected from H, or methyl.

10049} V is independently selected from the group consisting of, R”, -COH, -CO,R”, -
COR”, -CN, -CONH;, -CONHR”, ~-CONR™,, -0,CR”, -OR”; plus cyelic and acyclic N-vinyl
amides and combinations thereof,

{0050] R” is independently selecied from the group consisting of optionally substituted
C-Cyg alkyl, Cp-Cis alkenyl, arvl, heterocyelyl, alkaryl wherein the substituents are
independently selected from the group that consists of epoxy, hydroxyl, alkoxy, acyl, acvloxy,
carboxy and carboxylates, sulfonic acids and sulfonates, alkoxy- or arvlogy-carbonyl,
isocyanato, oyano, silvl, halo, and dialkyiamine; phosphoric acids, phosphates, phosphonic acids,
phosphonates. In one embodiment R” is selected from the group consisting of methyl, ~-CHOH, -
CHCHOH, -CHCH,CHOH, ~CH-COy, -CHCH-COy, -CHCHRCH-COy, -
CHCH,CHCHL-COy, ~-CHYCH CHYCHLCHL-COy, -CH-S05, ~CHOCHR-SO:, ~CHCHCH-
SOy, ~CHCHCHCH-SOy, ~CHYCHCHCHRCH-SOy, -(CH2)-CHL-COy, -{(CH - CH-
SO:H, -CHCH,CH,- N{CH 2 )-CHYCHL-COy, -CHCHy- N{CH)-CHLCH-COy, -
CHCHCHy- N(CH:),-CHCH,CHY-80y, -CH,CHy- N{CH: ),-CHLCHLCH,-S0y, -

CH,CH,CH - N(CH)-CH,CHLCH- PO, _CH«::H;N(‘CH;}»;mcﬁ{:ﬂ»;cﬁzn5?05*" .
CHCH,CH - N{CH,-CHLCH-POY L LOH,CH,- MN{CH2),-CH,CHy- PO, , and combinations
thereof and the Hike. . Examples of suitable V groups include pyrrolidonyl, piperidonyl, 2-
caprolactam, 3-methyl-2- caprolactam, 3-methyl-2-piperidonyt, 4-methyl-2- piperidonyl, 4-
methyl-2-caprolactam, 3-cthyl-2- pyrrolidonyl, 4,5-dimethyl-2-pyrrolidonyl, imidazolyl, N-N-
dimethylamido, amido, N N-bis{2-hydroxycthyljamido, ~-cvano, N-isopropyl amido, acetate, -,
carboxypolycthylene glyeol, , N-{2-hydroxypropyl) amido, N-(2-hydroxyethyl) amido,

carboxyethyl phosphoryicholine, 3-(dimethyl{4-benzylarnmoniojpropane- 1 -sulfonate

15
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(DMVYBAPS), 3-{(3-amidopropyi)dimethylammonio}propane-1-sulfonate (AMPDAPS), 3-((3-
{carboxy propylidimcthylammonio)propanc-1-sulfonate (APDAPS}, N-methylacetamide, -
acctamide, N-mcthyipropionamide, N-methyl-2-methylpropionamide, 2-methylpropionamide,
NN -dimethylurea, and the like, and mixtures thercof.

10651} In one embodiment, V comprises -N-(CHs ), pyrrolidonyl, -CON(CHz),, N-(2-
hydroxyethyl) amido or ~-MCH ) COCH;,

10052} Ry can be any chemical moicty or polymer that is capable of inttiating free-radical
polymerization. In one embodiment, R’ is capable of undergoing reversible termination and
fragmentation, ¢.g. as would be observed under RAFT polymerization conditions, while also
retaining the ability to mitiate polymerization, R, may be selected from divalent groups
consisting of optionally substituted alkylene; optionally substituted saturated, unsaturated or
aromatic carbocyclic or heterocyelic rings; optionally substituted alkylthio; optionally substituted
alkoxy; or optionally sabstituted dialkylamino. In one embodiment, R, is selected from
optionally substituted benzyl, optionally substituted phenyl, ethanoate, optionally substituted
propionate, 4-cyanopentanoate, or isobutyroate functionalitics. In one embodiment, Ry
comprises a 4-cyanopentanocate, isobutanoie, or a benzylic group. In other embodiments, R; can
comprise a cyano-methy or cumyt group. In another embodiment, Ry comprises satd functional
groups and is polyvalent. Examples of stable copolymers are shown below in Formula VIH with
a range of suitable substituents.

{853} Rz comprises an agent which is capable of taking part and/or mediating a
controlled free radical polymerization (CRP). CRP techniques are well known to those of skill in
the art and can include, but arc not limited to reversible addition fragmentation chain-transfer
polymerization {RAFT), atom transfer radical polymerization (ATRP), nitroxide mediated
polymerization (NMP), and Telhurium-mediated radical polvmerization (TERP}.

{6054} In one embodiment, the following copolymer structures may be formed via RAFT
and thus contain a thiocarbonylthio functional group on the terminus of cach primary chain

within a (-cluster:
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[B055] Formula If and I
{60536} it should be appregiated that the substitutions described above may be combined
in any combination.
{6057} The WSC polymer gencrally has a degree of polymerization in the range of about

18 to about 10,000, In some embodiments, the degree of polymerization is at least about 100, or
at least about 300, or cven in others at lcast about 500, In further embodiments, the water
soluble, crosslinked polymer has a degree of polymerization within the folowing ranges: about
300 to about 10,000, about 309 to about 5,000, between about 500 to about 10,000, about 500 to

about 5,000 and about 500 to about 2000 and about 700 to about 2000. Degree of
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polymerization may be obtained from MALDETOF, SEC-MALLS, NMR or a combination
thereof.

{B058] Each (-primary chain is cross-linked or semi-cross-linked. That is, unlike
previousty disclosed art having only linear, branched, or combed structures, the water sohible,
crosslinked copolymer is randomly cross-linked via covalent, ionic, or hydrogen-bonds along the
polymer. Cross-linking agents have two or more reactive or associative functionalities to react
with and/or associate the copolymers of the present invention to one another. The residues of the
cross-linking agents are shown in Formula W and TH as Bys and Rys”. Cross-linking agents
comprise free vadical reactive functionality, such as wvinyl, allvl, (methjacrylate,
{meth)acrylamide and the like. In one embodiment the cross-linking agents are hydrophilie, and
in another do not comprise dimethylsitoxane groups, and in another embodiment are free of
stlicone. Exemplary covalent cross-linking agents include: N V-methvienebis{meth}acrylamide;
N, N'-gthylenebis{meth)acrylamide; N N-propylenebis{meth)acrylamide; NN
butylenebis{meth)acrylamide; N N'-pentamethyienehis{methacrylamide; NN
hexamethylenebis{methjacrylamide;  all  other N Nlalkvienchis(methjacrylamides;  all
polyalkyleneglveoldi{methyacrvlates, including, but not  lmited to  ethylene  glycol
di{methjacrylate, tricthylene giyeol di{meth)acrylate, tetra-cthylene glycol di{meth)acrylate; and
alt polyalkylencglycoldi{meth)jacrylamides, including, but not limited to N N'-{oxybis{cthane-
2, 1-divl)diacrylamide NN -{({{oxybis{cthanc-2,1-diyl}ibis{oxy}}bis{cthane-2,1~
divtyydiacrylamide,  triallyl  cyanwrate  {TAC),  1.3-divinylimidazolidin-2-one,  and
3,37 alkylenchbis(l -vinylpyrrolidin-2-one}, wherein the alkylene has 1-12 carbons. The WSC
polymers of the present invention are water sohable, and non-gelled.

10059} Cross-linking agents which have functionality along the backbone which can be
reversibly broken or cleaved can also be used.  For example, NN -cystamine di{meth)acylamide
may be used as a crosslinker, After the semi-crosslinked block copolymer is associated with the
substratc, the disulfide bond in cystamine may be cleaved and reformed to create an
interpenetrating network which is more intimately entangled in the substrate matrix.

{0060} The molar ratio of RAFT agent to cross-linking agent in the cross-linking reaction
mixture is greater than about 0.1, greater than about 0.2, greater than about 0.3, greater than
about .5, greater than about §.75, greater than about |, greater than about 2, greater than about 3

and in some cases greater than about 18, In one embodiment the cross-linking agent is free of
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sificone and the RAFT agent to cross-linking agent in the cross-linking reaction mixture is
greater than about 8.1, In cmbodiments where the cross-linking agent comprises siloxane, the
RAFT agent to cross-linking agent in the cross-linking reaction mixture is greater than about 0.3,
A molar ratio of thc molar amount of cross-linking agent to theorctical primary chains
(“"XL:L-PC”) in the cross-linking reaction mixture can be between 0.01:1.0 and 6.0:1.0, with the
following non-limiting values of XL:(-PC being preferred: 0.1:1.0, 0.2:1.0, 8.25:1.0, 0.3:1.0,
0.4:1.0, 0.5:1.0, 0.55:1.0, 0.6:1.0, 0.7:1.0, 0.75:1.0, 0.8:1.0, 0.3:1.0, 1.0:1.06, 1.2:1.0, 1.25:1.0,
1.5:0.0, 3.0:0.0, 4.0:1.0, 5.0:1.0, 7.5:0.0 or even 10:1.0. In some embodiments it may be
desirable to select XL.(~PC values which provide WSC polymers across a wide range of
temperatures and solution conditions, to allow for ready mcorporation into a range of articles and
solutions. For example, water soluble crosslinked polymers comprising poly(WV-(2-
hydroxypropyhimethacrylamide) PHPMA, may desirably have an XL:(-PC of less than about
1.25:1 to prevent macroscopic gelling of the polymer. In other embodiments, the XL:0-PC for
said example may be less than 3:1. Yet in other embodiments, the XL:C-PC for said example
may be less than 1511, In other embodiments it may be desirable to select XL:0-PC values
which provide the desired decrcase in lipid uptake of the treated substrate, with increasing
XL:.L-PC values, decreasing the lipid uptake levels.

18061 In addition to XL:J-PC, another factor that affects the point at which
macroscopic gelation occurs 18 the total monomer concentration. In some embodiments of this
invention, the total monormer conceniration used can melude, but 18 not himited to 1 to about 80
wt% and about 10 to about 50 wit%, and still further about 29 to about 530 wt%s.

10062} Those of skill in the art will appreciate that the mursber of primary chains formed
in a controlled radical polymerization (CRP) system 3 dictated by the concentration of a
controlled radical polymerization (CRP) agent or cootrol agent.  In the case of a RAFT
polymerization, the control agent would be a thiocarbonylthio functional control agent. o the
case of ATRP, the control agent would be a copper ligand complex. For the purposes of the
mvention disclosed herein, any CRP agent can be employed. In other embodiments, a CRP
agent may not be required, so long as navogel formation is possible, without macroscopic

gellation.
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{8063} In one embodiment, the polymeric wetting agent has the general structure and

primary chain designator, {, as shown in Formula TA.

{;__\ o
|
Formula IV
[6064] Wherein Ry, Ry, R4, G, DLV E 7L G, &, @, B, v, my, and p are defined below, and
may be formed by contacting:
{8065} At least one hydrophilic monomer having the formula HyC=UV
{8066} At least one RAFT agent of Formula 11 having a chain transfer constant greater

than 0.1;

S
ng S%
Z o

Formula V

18067] {iit) free radicals produced from a free radical source {i.e. an initiator); and
[6068] (iv} a cross-linking agent, H,C=U/R;
10069} Z is selected from the group consisting of hydrogen, chlorine, fluorine, optionally

substituted alkyl, optionally substituted aryl, optionally substituted heterocvelyl, optionally
substituted alkylthio, optionally substituted alkoxy, optionally substituted alkoxycarbonyl,
optionally substituted arvioxyearbonyl (-COOR™), carboxy (-COOH), optionally substitated
acyloxy (-0, CR™}, optionally substituted carbamoyl (-=CONR™;), cyano (-CN)}, dialkyl- or diaryl-
phosphonato {-P{(=0}(OR™};], dialkvl- or diaryl-phosphinato [-P(=0}OR"};1, and a polymer

chain formed by any mechanism;

20
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1987¢] pis 1 or an integer greater than 1, 1-5, 3-5 and in some embodiments | or 2.
When p>2, then Ry is selected from p-valent moictics derived from any of silicon, sulfur,
oxygen, nitrogen, optionally substituted alkylene, optionally substituted aryl, a polymer chain, or
a combination thereof. Such an embodiment, where p is p-valent, is disclosed in the following
structural analogues of Formulas 1 and I, namely Formulas V1 and VH

[0671]

{
y
&
Formula VI
3 o
G s [ e 3
Z Z
Formula VI
106072} In onc embodiment where RAFT polymerization is cmploved, a RAFT agent,

free-radical initigtor, mono-vinyl monomer, and a di- or poly-vinyl monomer arc combined at the
desired molar ratios and dissolved in a solvent of choice. The resulting solution is polymerized
to vield a cross-linked, but ungelled polymer with no distinet substrate associating segments.
Formula VI below details the structures for the RAFT-based CRP agents that might be used in

such an embodiment,
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Formula Vil
18073} t will be apparent to those skilled in the art that this results in the formation of {-

clusters that contain primary chains without substrate associative segments,

{6074} In one embodiment the hydrophilic primary chains, {, may be formed from
known hvdrophilic monomers, U, Hydrophilic monomers are those which vield a clear single

phase when mixed with water at 25°C at a concentration of 10 wi%. Examples of suitable
families of hydrophilic monomers inchide vinyl amides, vinylimides, vinyl lactams, hydrophilic
{methlacrylates, (methjacrylamides, styrenics, vinyl ethers, vinyl carbonates, vinvl carbamates,
vinyl ureas and mixtures thereof,
{8075} Examples of suitable hydrophilic monomers include N-vinyl pyrrolidone, N-
vinyl-2- piperidone, N-vinyl-2-caprolactam, N-vinyl-3-methyl-2- caprolactam, N-vinyl-3-methyl-
2-piperidone, N-vinyl-4-methyl-2- piperidone, N-vinyl-4-methyi-2Z-caprolactam, N-vinyi-3-cthyl-
- pyrrolidone, AN-vinyl-4,5-dimethyi-2-pyrrolidone, vinyhimidazole, N-N-dimethylacrylamide,
acrylamide, N N-bis(2-hydroxyethyhacrvlamide, acrylonitrile, N-isopropyvl acrylamide, vinyl
acetate, {methlacrylic acid, polyethylene glyeol (methjacrvlates, 2-ethyl oxazoline, N-(2-

hydroxypropyt) {methjacrylamide, N-{2-bydroxyethyl} {meth)acrylamide, 2~

93]
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methacryloyloxyethyl  phosphoryicholine,  3-{dimcthyl{4-vinvibenzyljammonio}propane-1-

suifonate (DMVBAPS), 3-{{3-acrylamidopropylidimethylammonio)propanc- 1 -sulfonate
(AMPDAPS), 3-({3-methacrylamidopropylidimethylamimonio jpropane-1-sulfonate

{(MAMPDAPS), 3-((3-(acryloyloxy)propyhidimethylaramoniojpropanc-l-sulfonate {(APDAPS),
methacryloyloxyipropyhidimethylammonio ypropanc- I -sulfonate {(MAPDAPS), N, N-
dimethylaminopropyl{methjacrvlamide, N -vinyl-N-methylacctamide, N-vinyvlacetamide, M-
vinyl-N-mcethylpropionamide, N-vinyl-N-methyl-2-methylpropionamide, N-vinyl-2-
methylpropionamide, N-vinyl-N N -dimethylorea, and the like, and mixtures thereof. In one
erabodiment  the hydrophilic  monomer comprises N-vinyl  pyrrolidone, N-vinyl-N-
methylacetamide,  2-methacryloyloxyethyl  phosphorylcholine,  (methjacrvlic  acid, N.AN-
dimethylacrylamide N-hydroxypropyl  methacrylamide, wono-glycerol  methacrylate, 2-
hydroxyethyl  acrylamide,  bishydroxyethyl  acrylamide, and  2.3-dihydroxypropyl
{methlacrylamide and the like and mixtures thereof. In some embodimenis the hydrophilic
segroent may also comprise charged monomers including but not limited to methacrylic acid,
acrylic  acid, 3-acrylamidopropionic  acid  (ACAL), d-acrylamidobutanoic  acid,  5-
acrvlamidopentanoic  acid {ACAZ), 3-acrvlamido-3-methylbotanoic acid {(AMBA), N
vinyloxycarbonyl-g-alanine, N-vinvioxycarbonyi-B-alanine (VINAL}, 2Z-vinyi-44-dimethyl-2-
oxazolin-S-ong  {(VDMO), reactive sulfonate salts, incloding, sodium-2-{acrviamido}-2-
methylpropane  suiphonate (AMPS), 3-sulphopropyt  (methlacrylate  potassipm  salt, 3-
salphopropyl (meth)acrylate sodium salt, bis 3- sulphopropyl itaconate di sodium, bis 3-
suiphopropyl itaconate di potassiom, vinyl sulphonate sodium salt, vinyl sulphonate salt, styrene
sulfonate, sulfocthyl methacrylate, N N-dimethylaminopropyl acrylamide (DMAPA), 3-
acrylamido-N, N N-trimethylpropan-F-ammonium chloride {(i.e. methyl quaternized DMAPA),
combinations thercof and the like. In embodiments where the hydrophilic segment comprises at
icast one charged hydrophilic monomer it may be desirabie to include non-charged hydrophilic
monomers as comonomers in the hvdrophilic scgment.  In another embodiment the charged
hydrophilic monomer is randomlby distributed throughout the {(Q] segment.

{8876} The WS polymers may be formed via a number of polymerization processes. In
onc cmbodiment the WSC polymers are formed using RAFT polymerization. In other
emabodiments the block copolymers are formed using ATRP. While in another embodiment, the

block copolymers arc formed using TERP. Still vet, in some embodiments the block copolymers
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are formed using any known controlied radical polymerization mechanism. In another
embodiment the water soluble, crosslinked polymers are formed by conventional free radical
polymerization. In onc embodiment, the WSC polymers may be formed by conventional free
radical polvmerization or by other non-controlled mechanisms of polymerization. It is obviocus
to those of skill in the art, however, that the synthetic utility of such routes is fairly limited
{compared to controlied polymerization), i.c. non-controlled polymerizations must be conducted
under dilute conditions (with respect to monomer and cross-linker) and typically do not reach
high conversion without the formation of a macroscopic gel. In addition, much lower XL:{-PC
ratios must be targeted to prevent macroscopic gelation. The water soluble, crosslinked polymer
docs not contain sgparate ferminal substrate associative blocks. Instead, the water soluble,
crosslinked polymer contains cither a single block, which displays both affinity for the substrate
and the desired performance cnhancing propertics or contains mwltiple blocks all of which
display both affinity for the substratc and the desired performance enhancing properties. The
watcr soluble, cross-linked polymers may also comprise random copolymers. Exemplary
cmbodiments of such water soluble, crosslinked polymer inchude water soluble crosslinked
polymers and copolymers of N-vinyl pyrrolidone, N N-dimethyl acrylamide, N-hydroxypropyl
methacryiamide, mono-glyeerol methacrvlate, 2-hydroxyethyl acrylamide, and bishydroxyethyl
acrylamide,2 3-dihydroxypropyl (methlacrylamide.  Alternatively two different polymers or
copolymers may be crosslinked together to form the copolymers of the present application. In
onc cmbodiment of the present application random copolyvmers are preferred.  In another
embodiment the water soluble, cross-linked polymers are contacted with ophthalmic deviees,
such as contact lenses. In this embodiment, it may be desirable for the contact lenses to have low
uptake of components, such as preservatives, such as PQ-1, from cleaning and care solutions. In
these cmbodiments the polymers are free from repeating units derived from acrylic acid or
substituted acrylic acids, including methacrylic acid.

{86771 Embodiments can be used to treat conventional or silicone hydrogel materials,
provided the affinity of the water soluble, crosshinked copolymer is tailored to the surface of the
lens or device being treated. The water soluble, crosslinked copolymer with appropriate
functionality and architecture can closely mimic the behavior of bound mucins found on corneal
eptthelial surfaces and counld be very useful in modifying the surface of a contact lens medical

device to nmprove s lubricity, deposit uptake, and possibly comfort. Without intending to be
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bound by theory, it is speculated that the cross-linked nature of the water soluble, crosslinked
copolymer counld closely mimic the mucin-N-mmucin interactions that occur through disulfide

cross-tinking, H-bonding, and molecular entanglement.

Polymerization Conditions

{B378] The number average molecular weight of each C-primary chain, My, in a given

polymerization produced from contacting a RAFT agent {when required), with at least one
hydrophilic movomer, free radical initiator, and cross-linking agent can be targeted using the
following equation:

M, =M

oo PC s

+M, MW, (equation 1)

where
M, = [“]X’M’VM;_ and M, —'7'5""\"{'3"?"%“{ Wy
Thr ({'K-VTAN B Ay (\{b?-‘”} {f/ XL
{Equation 2} {Equation 3}
{68791 Moy, Mg, and MWera represent the idividual contributions of molecular

weight for the monomer, cross-linker, and RAFT agent that (when summed) are cqual to the

number average molecular weight of a -primary chain, i.e. My, ¥ 18 the number of reactive

L-PC
functional groups on the crosslinker, [M] is the reactive monomer conceuntration, {XL] is the
cross-linker concentration, X is the extent of conversion in fractional form, [CTA] 18 the
concentration of RAFT agent, and MWcnomer, MWxy, ., and MWeps are the molecular weights
of reactive monomer, cross-linker, RAFT agent, respectively.

10080} The predicted degree of polymenzation {DP} for the bhydrophilic polymer
segruent, DPcpc, can be calculated froro Equations 1, 2, and 3. It X s unity (le. the
polyvmerization reaches 100 % conversion) and MWera is neglected because Mﬂ«;-PC >> MWera,

Equation T reduces to Egution 4

M, =M, L M., ., (Equation 4)

e
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M =M +M.
"D -Segment AL xr
Solving the equation in terms of DP i by dividing M, , and Muy, by their respective

monomeric masses, MWy and MWy gives:

DP fwf;z,, fwir;zw DpP DRzﬁ E 4 ‘;}
melegpdE o DP Lt (Bauation !
gy seqmeni A/ 1 ” ]:U . [‘}/j Eg/' “ gy F/’/’ ( CEU ATROT D

v

Ml b
e for4l) ([CT4l) v

{Equation 6)

{6081} It should be apparent to those of skill in the art that while these cquations do

predict the number average molecular weight of a (-primary chain, My, ., they do not predict
PO

the total DP or overall average molecular weight of a C-cluster, which are formed due to the
participation of the cross-linker in the RAFT polymerization and the fact that (-primary chains
become randomly cross-linked to cach other and to other growing (-clusters.. The MW of a
given C-cluster i3 much higher than that of an individual C-primary chain found within that £-
cluster and may or may not be an cxact multiple of the average M, .. for a given
polymerization.

{8382} One target DP, is in the range of about 10 to 10,000, with 50 to 1500 being
preferred, 50 to 1000 being more preferred, and 50-500 being most preferred.

{6083} Polymerization conditions for the polymerization of the hydrophilic monomer in
the presence of the appropriate RAFT agent and cross-linking agent to form the water sohible,
crosslinked polymer are sclected based upon the initiator systom used and to provide the desired
balance between chain growth and termination.  Other polymerization components, such as
solvents, initiator and additives may also be selected such that they have a low transfer constant
toward the propagating radical and are fully miscible with all other polymerization components.
{6084} The cross-linker may be added to the polymerization solution at the beginning of
the reaction or withheld until a later point in the reaction to manipulate the architecture of the
resulting nanogel material in a way that gives a desired structure or property.  Alternatively, the

reactive groups on the cross-linker may be selected such that incorporation into the propagating
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polymer backbones is less random and thus forms polymeric nanogels that have a less evenly
distributed cross-link density. If a polymeric nanogel with more “blocky™ incorporation of the
cross-tinker is desired, a crosslinker with a different reactivity to that of the propogating mono-
vinyl monomer may be used. For example, a dimethacrylated cross-linker may be employed in
the formation of a nanogel with an acrylamido, mono-vinyl monomer. For some embodiments
that cxploit CRP, this would result in a “tapered” incorporation of the cross-linker into the
primary polymer chain backbone, t.c. onc end of cach primary polymer chain would be richer in
divinyl monomer than the other. Alternatively, for embodiments where a random distribution of
the cross-linker throughout the primary polymer chain is desired, the cross-linker may be
selected so that both of 18 reactive sites have similar reactivities {or identical functional groups)
to that of the propogating mono-vinyl monomer. In some embodiments, cross-linkers containing
functional groups with different reactivitics, e.g. 2-{acrvioyvioxyiethyl methacrvlate or N-(2-
acrylamidoethyhmethacrylamide, may be emploved. Those skilled in the art would expect such
structares to also incorporate across cach primary polvmer chain in a less-random fashion to that
of an analogous system which contains matched reactivities for all reactive functional groups.

10085] In embodiments where the block WSC polymer is made via RAFT, the inttiating
system is chosen such that under the reaction conditions there is no substantial adverse
interaction(s} of the initiator or the initiating radicals with the transfer agent. The inttiator should
also have the requisite solubility in the reaction medium or monomer mixture. The inttiator i8
selected based upon the hvdrophilic monomer selected. For example, where free radical reactive
hydrophilic monomers are used, the mitiator may be any initiator capable of providing a radical
source, such as photoinitiators, thermal initiators, redox initiators and gamima initiators. Suitable
photoinitiators include the UV and visible photoinitiators described below. Thermal initiators
are chosen to have an appropriate half life at the temperature of polymerization. These initiators
can include onc or more of the following compounds: 2,2’°-azobis{isobutyronitrile), 2,2°-
azobis{2-cyano-2-butane), 2.2-Azobis{Z-(Z-imidazol-N-2-yvlipropanc] dihydrochloridedimethyl
{VA-044), 2,2°-azobisdimethylisobutyrate 4,4 -azobis(d-cyanopentancic  acid), 1,1°-
azobis{cyclohexanccarbonitrile, 2-{t-butylazo}-2-cyanopropane, 2,2°-azobis]2-methyl-N-(1,1)-
bisthydroxymethyh-2-hydroxyethyl]  propionamide, 2.27-azobis{2-methyl-N-hydroxyethyl)]-
propicnamide, 2,2°-azobis{ VN -dimethylencisobutyramidine} dihvdrochloride, 2,2°-azobis (2-

)

amidinopropanedihvdrochloride, 2,2-azobis{N,N -dimcthyvlencisobutyramine), 2,2 -azobis(2-

2
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methyl-N-[ 1, 1-bisthydroxymethyl}-2-hydroxyethyl] propionamide}, 2 -azobis{ 2-methyl-N-
[1,1-bis(thydroxymethyljcthyt} propicnamide), 2 -azobis| 2-methyl-N-{2-hydroxycthyl)
propicnamide], 2,2 -azobis(isobutyramide)dihydrate, 2.27-arobis(2,2 4-trimethylpentanc), 2.2°-
azobis(2-methylpropane), t-butyl peroxyacetate, t-butvl peroxybenzoate, t-butyl peroxyoctoate, t-
butyl peroxynecodecancate, t-butylperoxy isobutyraate, t-amyl peroxypivalate, t-butyl
peroxypivalate, di-isopropyl peroxydicarbonate, dicyclohexyl peroxydicarbonate, dicumyl
peroxide, dibenzoyl peroxide, dilauroyl peroxide, potassium peroxydisulfate, ammonium
peroxydisulfate, di-t-butyl hyponiirite, dicumyl hyponitrite.  In one embodiment, the thermal
initiator is selccted from initistors that generate free radicals at moderately elevated
temperatures,  such  as  lauryl  peroxide, benzoyl peroxide, isopropyl percarbonate,

azobisisobutyroniirile combinations thereof, and the like,

10086} Examples of redox initiators inchude combinations of the following oxidants and
reductants:

{0087} oxidants: potassiurn peroxydisulfate, hydrogen peroxide, t-butyl hydroperoxide.
{0088} reductants: iron (1), titaniuro (11}, potassium thiosulfite, potassium bisuifate.
{8089} In one embodiment, the inttiator 18 selected from photoimtiators which have the

requisite solubility in the reaction medium or monomer mixture and have an appropriate
quantum vield for radical production under the conditions of the polymerization. Examples
include benzoin derivatives, benzophenone, acyl phosphine oxides, and photo-redox systems. In
another embodiment the initiator is sclected from wvistble initiators selected from I~
hydroxyeyvelohexyl  phenyl  ketone,  2-hydroxy-Z-methyl-1-phenyvi-propan-1-one,  bis{2,6-
dimethoxybenzoyly-2,4-4-trimethyipentyl phosphine oxide {(DMBAPQO), bis(2.4,6-
trimethylbenzoyl)-phenyl  phosphineoxide  {(Irgacure 819},  2.4.6-trimethylbenzyldiphenyl
phosphine oxide and 2.4, 6-trimethylbenzoy! diphenylphosphine oxide, benzoin methyl ester and
a combination of Lamphurqunmm and cthyl 4-(N N-dimethylamino}benzoate, combinations
thereof and the like. In another embodiment the inttiator comprises at least one phosphine oxide
containing photoinitiator, and in another cmbodiment, bis(2.4,6-trimethytbenzoyl}-phenyl
phosphincoxide. When a photoinitiator is used, the reaction mixture is irradiated using radiation
in the activating wavelength for the sclected photoinitiator.

{0094} The polymerization may be conducted in solution, suspension or emulsion, under

batch, continuous or feed mode. In onc cmbodiment the process is conducted by adding

b
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polymerization agent to the reaction mixture containing the chain transfer agent.  Cther
conditions may be used and are known in the art.

[0091] The copolymers provided herein may be purified via known means such as
solvent precipitation and/or subscquent solvent extractions or by dialysis or related purification
technigues such as, but not limited to tangential flow filtration {TFF).

{06092} In some embodiments where RAFT polymerization is used and where the RAFT
agent is not removed prior to use, a RAFT polymerization agent is retained at the terminal end of
the WS polymer.

16093} The RAFT polymerization agents are not thermally or hydrolytically stable, and
thus i 1s a benefit of embodiments of the present invention that the RAFT polvmerization ageuts
are at the termuinal end as they may be readily cleaved or replaced prior to incorporation nto the
polymer substrates.  Alternatively, the RAFT polymerization agent may be left on the WSC
polymer and etther cleaved during mcorporation into the polymer substrate or during use (if the
RAFT and/or its degradants are non-toxic, non~-uritating). In one embodiment the RAFT
polymerization agent is removed prior to incorporating the WSC polymers into the substrates, or
the solutions to be contacted with the substrates. Suitable processes for removing the end groups
include, but are not limited to reaction with amines, such as disclosed in US7109276,
US6794486, USTEO77SS, USZ007232783, 1IS2010137548, UUS5385996, and USSR74511. Other
end-group removal techniques, such as thermolysis or radical reduction, may be emploved in
some embodiments as well.

16694} in one embodiment, the WS polymers bave the structure represented in Formula

In another embodiment, the WSC polymers may be formed using conventional
free radical reactions. In this embodiment the block copolymers may be formed by the fice

radical reaction of at least one hydrophilic monomer and an azo-type macro initiator,

Hydrophobic or Partially Hydrophobic Substrates

[0095] The WSC polymers disclosed herein may be non-covalently associated with a
variety of hydrophobic, partially hydrophobic, hydrophilic, or amphiphilic substrates, such as
polymeric articles formed from polysiloxanes, silicone hydrogels, conventional hydrogels,

polymethyl methacrylate, polyethviene, polypropylene, polvearbonate, polyethvlene terapthalate,
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polvtetrafluorocthylenc, glass, metal and mixtures and copolymers thercof and the like. The
association occurs, provided there is sufficient affinity between the functional groups contained
within the water soluble, crosshinked copolymer and those found on or within a given substrate.
Examples of substrates which may be treated to associate the copolymers of the present
invention therewith include polymers and metals used for implantable devices, sutures, graft
substrates, punctal plugs, catheters, stents, wound dressings, surgical instruments, ophthalmic
devices and the hike.

{0096] Additional cxamples of at lcast partially hydrophobic polvmer matrices include
highly crosslinked ultra high molecular weight polyethyiene (UHMWPE), which is used for
implantable devices, such as joint replaceruents, are made typically has a molecular weight of at
least about 400,000, and 1 some embodiments from about 1,080,000 to aboot 10,000,000 as
defined by a melt index (ASTM D-1238) of essentially § and reduoced specific gravity of greater
than & and in some embodiments between about 25 and 36,

{0897} Absorbable polymers suitable for use as yarns in making sutures and wound
dressings include but are not limited to aliphatic polyesters which include but are not limited to
homopolymers and copolyroers of lactide {which includes lactic acid d-J-and meso lactide},
glycolide  (including  glveolic  acid), e-caprolactone, p-dioxanone (1.4-dioxan-2-one),
trimethyiene carbonate (1,3-dioxan-2-one}, alkyl denivatives of irimethylene carbonate, 6-
vaterolactone, f-butyrolactone, v-butyrolactone, e-decalactone, hydroxybutyrate,
hydroxyvalerate, 1.4-dioxepan-Z-one {inchading its dimer 1,5,8,12-tetraoxacyclotetradecanc-
7,14-dione)}, 1,5-dioxepan-2-one, 6,6-dimethyl-1 4-dioxan-2-one and polymer blends thereof,
{0698} Non-absorbable polymer materials such as but are not limited to, polvamides
{polyhexamethylene adipamide {nylon 66}, polyhexamcthylene sebacamide {(nylon 610,
polycapramide {nylon 6), polydodecanamide {nylon 12} and polyvhexamcthylene isophthalamide
{nylon 61) copolymers and blends thercof), polyesters {(¢.g. polycthylenc terephthalate, polybutyl
tercphthalate, copolymers and blends thereof}, fluoropolymers {¢.g. polyvtetrafluorocthylenc and
polyvinylidene fluoride} polyolefins {e.g. polypropylenc including isotactic and syndiotactic
polyvpropyiene and biends thereof, as well as, blends composed predominately of isotactic or
syndiotactic polypropylene blended with heterotactic polypropylenc {such as are described in

U.S. Patent 4,557,264 issued December 10, 1985 assigned to Ethicon, Inc. hereby incorporated
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by reference) and polyethylene (such as is described in U.S. Patent 4,557,264 issued December
10, 1985 assigned to Ethicon, Inc. and combinations thercof.

10099} The body of the punctal plugs may be made of any suitable biocompatible
polymer including, without limitation, silicone, siticonc blends, silicone co-polymers including,
for cxample, hydrophilic monomers of pHEMA (polvhydroxycthlymethacrylate), polycthylene
glycol, polyvinylpyrrolidone, glycerol, and the like. Other suitable biocompatible materials
include, for cxample fluorinated polymers, such as, for example, polytetrafluorocthylene
{(“"PTFE™}, polyvinylidene fluoride ("PYDF”), and teflon; polypropylenc; polycthylene; nylon;
and cthylene vinyl aleohol ("EVA™).

100100} Polymeric parts of ulfrasonic surgical instrurnents may be made from polyimides,
fluora cthylene propenc (FEP Teflon), PTFE Teflon, silicone rubber, EPDM rubber, any of
which may be filled with matenals such as Teflon or graphite or unfilled. Examples are
disclosed m US20050192610 and US 6458142, For these embodiments, the WSC polymer may
be mixed with a solvent that swells the at least partially hydrophobic polymer matrix and then
contacted with the polymer matrix.

{00101} In one erobodiment, the WSC polymers are associated with preformed articles
including silicone ophthalmic devices such as lenses or punctual plugs, silicong hydrogel articles,
sach as silicone hydrogel lenses. Hydrophilic groups in the water soluble, crosslinked
copolymer associate with complementary groups on or in the preformed articles.  In this
embodiment, the copolymer is dissolved in a solvent which also swells the substrate. The
polymer substrate is contacted with a solution comprising the copolymer. When the sebstrate is
a silicone hydrogel article, such as a contact lens, suitable solvents include packing solution,
storing solution and cleaning solutions. Using this embodiment as an example, the silicone
hydrogel lens is placed in a packing solution comprising the copolvmer. The copolymer is
present in the solution in amounts between about $.001 and about 19%, in some embodiments
between about 0.005 and about 2% and in other embodiments between about 0.01 and about 0.5
weight %, based upon all components in the solution.

100102} The packing solutions may be any water-based solution that is used for the
storage of contact lenses. Typical solutions include, without limitation, saline solutions, other
buftered solutions, and deionized water. The preferred aqueous sohution is saline solution

containing salts including, without limitation, sodium chloride, sodium borate, sodium
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phosphate, sodium hydrogenphosphate, sodium dihydrogenphosphate, or the corresponding
potassium salts of the same. These ingredients are gencrally combined to form buffered
solutions that include an acid and its conjugate basc, so that addition of acids and bascs cause
only a relatively small change in pH. The buffered solutions may also be used to clean or treat
contact lenses, When the solutions of the present invention are used for cleaning, treatment or
care of contact lenses they may include additional components uscful for such solutions,
including viscosity adjusting agents, antimicrobial agends, wetting agents, anti-stick agents,
preservatives, polyelectrolytes, stabilizers, chelants, antioxidants, combinations thereof and the
iike. Examples of additional components include 2-(N-morpholino)ethancsulfonic acid (MES),
sodium hydroxide, 2,2-basthydroxymethyl3-2,2° 2 -mitrilotrigthanol, o~
iristhydroxymethyDmethyl-2-aminoethanesulfonic acid, cutric acid, sodium citrate, sodium
carbonate, sodiurn bicarbonate, acetic acid, sodium acetate, ethylenediamine tetraacetic acid and
the hike and combinations thereof. Preferably, the solution is a borate buffered or phosphate
buffered saline solution.

{60103} The WSC polymer may also be associated with the lens using organic solvents
{with or without water as a co-solvent). o one ernbodiment, an organic solvent is used to both
swell the medical device, e.g. a contact lens medical device, and dissolve the WS polymer so
that it may be imbibed. Suitable solvents may be selected to swell the medical device, to
dissolve the block copolymer or both. In another crbodiment the solvents may also be
biocompatible so as to simplify manufacturing. The substrate is contacted with the WSC
polymer under conditions sufficient to incorporate a tobricious and wetting effective amount of
the WSC polymer. As used herein, a lubricious effective amount, is an amount necessary to
impart a level of lubricity which may be felt manually {such as by rubbing the device between
ong’s fingers) or when the device is used. Additionally, as used herein, a wetting effective
amount is an amount neccssary to umpart a level of increased wettability to the lens, as
determined via known contact angle measurcment techniques (i.c. sessile drop, captive bubble,
or dynamic contact angle measurements}. it has been found that in one embodiment, where the
device is a soft contact lens, amounts of WS polymer as little as 50 ppm provide improved lens
“fec!” and lowered surface comtact angles, as measured by sessile drop. Amounts of WSC
polymer greater than about 50 ppm, and more preferably amounts greater than about 100 ppm in

the processing packaging, storing or cleaning solution, add a more proncunced improvement in
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feel. Thus, in this embodiment, the WSC polymer may included in a solution in concentrations
up to about 50,000 ppm, in some embodiments between about 10 and 5000 ppm, and in some
crabodiments hetween about 10 and about 2000ppm. In onc cmbodiment the solution
comprising the block copolymer is free from visible haze (clear). The packaged lens may be
heat treated to increase the amount of WSC polymer which permeates and becomes entangled in
the lens. Suitable heat treatments, include, but are not limited to conventional heat sterilization
cycles, which include temperatures of about 120°C for times of about 20 minutes and may be
conducted in an autoclave. If heat sterilization is not used, the packaged lens may be separately
heat treated. Suitable temperatures for separate heat treatment include at least about 40°C, and
preferably between about 50°C and the botling point of the solution. Suitable heat treatment
times include at least about 10 minutes, and in some cmbodiments from about 10 to about 30
minaies. It will be appreciated that higher temperatures will require less treatment time,
{00104} It 15 a benefit of the present invention that the siep of associating the WSC
polymer with the desired substrate may be conducted 1 a single step without pretreatment,
covalent reaction or tie layers. However, in some embodiments it may be desireable to contact
the substrate/ WSC polymer construct with an additional polymer or nanogel which contain
proton receiving groups to form a layered coating. The additional polymer muay be linear,
branched or crosslinked, and may have associating groups located at an end of the polymer, or
thronghout the polymer. Each additional polymer comprises groups which are capable of
associating or reacting with groups contained in the polyvmer of the preceding layer. Several
alternating layers of WSC and second polymer may be applied. Examples of polymers
comprising proton receiving groups include but are not himited to poly-N-vinyl pyrrolidone,
poly-N-vinyl-2- piperidone, poly-N-vinyl-2-caprolactam, poly-N-vinyl-3-methyl-2-caprolactam,
poly-N-vinyl-3-methyl-2-piperidone, poly-N-vinyl-d-methyl-2-piperidone, poly-N-vinyl-4-
methyl-2-caprofactam, poly-N-vinyi-3-ethyl-2- pyrrolidone, and poly-N-vinyi-4,S-dimethyl-2
pyrrolidone, polyvinylimidazole, poly-N-N-dimethyiacrylamide, polyvinyi alcohol,
polyethylene-oxide, poly-2-cthyl-oxazoline, heparin polysaccharides, polysaccharides, mixtures
and copolymers (including block or random, branched, multichain, comb-shaped or star shaped)
thereof. Polymers and copolymers of Poly-N-vinylpyrrolidone (PVP) and poly-N-N-

dimcthylacrylamide may be used.
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180105] The second solution may be any of the sohations desceribed above for contacting
the substrates with the WSO polymer. The at least one second polymer may be present in the
solution in concentrations up to about 50,000 ppm, between about 10 and 5000 ppm, or between
about 10 and about 2000ppm. Because both polymers are non-ionic, the additional treating steps
may be done at pH between about 6 and 8 and in some ecmbodiments at about 7.

{00106} Many silicone hydrogel matcrials arc known and may be used, including but not
limited to sconofilcon, galyfilcon, lotrafilcon A and lotrafilcon B, delefilcon, balafiicon,
comfilcon, osmofilcon, enfilcon, filcon i, filcon IV and the Like. Almost any silicone hydrogel
polymer can be treated using the WSC polymers provided herein, including but not Hmited to
those disclosed 1o US6,637,929; WOO03/022321; WO03/022322; USS,260,000; USS,034,461;
US6,867.245;  WO00R/061992;  USS5,760,100; 1US7.553,880; US20100048847; and
US2006/0063852.

160107} Similar processes may be used for substrates made from polyrmers other than
silicong hydrogels. The primary change will be 1o the selection of the solvent, which should
solubilize the WSC polymer and either swell the substrate or shrink or compact the WSC
polymer. Mixtures of solvents mavbe used, and additional components, such as surfactants may
be included if desired.  For example where the article is a silicone article such as a silicone
contact lens or a stlicone punctal phug, the WSC polymer may be dissolved in a solvent such as
aliphatic alcohols, water and mixtures thercof.  Specific examples include isopropanol, n-
propanoc and the hike, at the concentrations described above.

{60108} In ancther embodiment, the WSC polvmer may be inchuded in the reaction
mixture from which the polymeric article is made. In such an embodiment, effective amounts of
WS polymer might include quantitics from about 8.1 % to 50 9% of the total weight of all lens
components, with quantitics from about 1 % to 20 % being more preferred, and quantitics from
about 2 % to 15 % being most preferred. For example, where the article is a silicone hydrogel
contact lens, the WSC polymer may be inchuded, in amounts up to about 20 weight% in the
contact lens reaction mixture with ong or more stlicone-containing components and one or more
hydrophilic components. The silicone-containing components and hydrophilic components used
to make the polymers disclosed herein can be any of the known components used in the prior art
to make silicone hydrogels, These terms, specifically silicone-containing cormponent and

hydrophilic component, are not mutually exclusive, in that, the silicone-containing component
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can be somewhat hydrophilic and the hydrophilic component can comprise some silicone,
because the silicone-containing component can have hydrophilic groups and the hydrophilic
componcnts can have silicone groups.

{60109] Onc advantage of the copolymers disclosed herein 18 in cmbodiments where the
WSC polymer is formed by RAFT, the molecular weight (MW} and molecular weight
distribution (MWD} may be readily controlled depending on the requirements of manufacture for
the chosen articic. For example, in one embodiment where the WSC polymer is incorporated
into a low viscosity reactive monomer mix, such as thosc used to form cast molded contact
icnses, the MW of the block copolymer may be kept below about 100,000 g/mol. In onc
erobodiment where controlled polymernization is used, the polydispersity of the {-primary chains
is less than about 1.3, The C-cluster will have polydispersity values greater than 1.3, Having
fower MW WS polymer allows addition of a higher concentration of the WSC polymers
according to ewbodiments of the present invention compared to commercially available
polymers, such as PVP. Conventional polymers, such as PVP, have higher polydispersities,
which can result in extremely viscous monomer mixes that tend to have processing issues due to
stringingss.

{80110} The usc of RAFT to prepare the WSC polvmers of the present invention allows
for the formation of nano-sized gels without the formation of macroscopically gelled polymer.
in addition to this, such nanogels cxhibit significantly lowered viscositics, when compared to the
same fincar polymers with equivalent molecular weights.  As mentioned above, high molecular
weight polymers with lower viscosities can be desirable for a variety of process applications,
including minimizing the viscosity and stringiness of a given reactive monomer mix formulation.
100111} A silicone-containing component is onc that contains at least one {-81-0-1 group,
in a monomer, macromer or prepolymer. In onc embodiment, the St and attached O arc present
in the siliconc-containing component in an amount greater than 20 weight percent, and in another
cmbodiment greater than 30 weight percent of the total molecular weight of the silicone-
containing component.  Uscful siliconc-containing componcuts comprise polymerizable
functional groups such as (methjacrylate, (methjacrylamide, N-vinyl lactam, N-vinylamide, and
styryl functional groups. Examples of silicone-containing components which are useful may be
found o U.S. Pat. Nos. 3,808,178; 4,120,570; 4,136,250; 4,153,641; 4,740,533; 5,034,461,
5,760,100; 4,139,513; 5,998,498; US2006/0063852; and 5,070,215; and EPOE0S39. All of the
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patents cited hercin are hereby incorporated in their entircties by reference. These references
disclose many examples of olefinic silicong-containing components,
100112} Suitable siliconc-containing components inclode compounds of the following
formula:

RémT; O e] o] SE; R?

R RZ-Db R

{60113} Formula IX
. 2. o~ o
{00114} where R is independently selected from monovalent reactive groups, monovalent

alkyl groups, or monovalent aryl groups, any of the foregoing which may further comprise
functionality sclected from hydroxy, amino, oxa, carboxy, alkyl carboxy, alkoxy, amido,
carbamate, carbonate, halogen or combinations thercof, and monovalent siloxane chains
comprising 1-100 Si-O repeat units which may further comprise fumnctionality selected from
alkyl, hydroxy, amino, oxa, carboxy, alkyl carboxy, alkoxy, amido, carbamate, halogen or
combinations thereof;

{601 15] where b = 0 1o 300, where it is understood that when b is other than 0, b is a
distribution having a mode equal to a stated valug;

{601 16] wherein at least one R’ comprises a monovalent reactive group, and in some
embodiments between one and 3 R comprise monovalent reactive groups.

{80117} As used herein “monovalent reactive groups™ are groups that can undergo free
radical and/or cationic polymerization. Non-limiting cxamples of free radical reactive groups
include  {meth)acrylates, styryls, vinyls, vinyl ethers, substituted or  onsubstituted
Crealkyl{methyacryvlates, {(methjacrylamudes, Cigalkylmethjacrylamides, N-vinyllactams, N-
vinyviamides, o pzalkenyls, ; zalkenviphenyls, ;. ppalkenylnaphthyls,
CrsalkenyiphenylCi galkyls, O-vinylearbamates and O-vinylearbonates, Suitable substituents on
said C1-6 alkyls include ethers, hydroxyls, carboxyls, halogens and combinations thereof, Noun-
Imiting examples of cationic reactive groups inchude vinyl ethers or cpoxide groups and
mixtures thereof, In one embodiment the free radical reactive groups comprises (methjacrylate,

acryloxy, (methjacryvlamide, and mixtares thercof.
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{80118} Suitable monovalent alkyl and aryl groups include unsubstituted monovalent O to
Cealkyl groups, and in some embodiments -y alkyl groups,Cs-Cis aryl groups, such as
substitited and unsubstituted methyl, ethyl, propvl, butyl, 2-hydroxypropyl, propoxypropyl,
polyethyleneoxypropyl, combinations thercof and the like.

100119} In onc cmbodiment R is sclected from Cjgatkyl{meth)acrylates, and
Cysalkyi{methyacrvlamides, which may be unsubstituted or substituted with hydroxyl, alkylene
gther or a combination thereof In another ecmbodiment R® is selected from
propyl{meth)acrvlates and propvl (meth)acrylamides, wherein said propyl may be optionally
substituted with hydroxyl, alkylene cther or a combination thereof,

100130} In one embodiment b is zero, one R? is a monovalent reactive group, and at least 3
R' are selected from monovalent alkyl groups baving one to 16 carbon atoms, and in avother
embodiment from monovalent alkyl groops having one to & carbon atoms.  Noo-limiting
examples of silicone components of this embodiment inclade 2-methyl- 2-hydroxy-3-[3-[1,3,3,3-

tetramethyl- [ -[{trimethylsilvhoxyldisioxanylipropoxylpropyl ester (“SiGMA™),

100121} 2-hydroxy-3-methacrvloxypropyloxypropyi-tris(irimethylsiloxy)silane,
100132} 3-methacryloxypropyltris{irimethylsitoxy)silane ("TRIS"},
160123} 3-methacryloxypropyibis{trimethylsiloxyimethylsilane and

183124} 3-methacryloxypropyipentamethyl! disiloxane.

Inn another embodiment, b is 2 to 28, 3 to 15 or in some embodiments 3 1o 10; at least one
terminal R? coroprises a monovalent reactive group and the remaining RY are selected from
monovalent alkyl groups having 1 to 16 carbon atoms, and in another embodiment from
monovalent alkyl groups having 1 o 6 carbon atoms. In yet another embodiment, b is 3 to 15,
one terminal R? comprises a monovalent reactive group selected from substituted or
unsubstituted Cgalkvimeth)acrylaies, substituted or unsubstituted C; salkyl{meth)acrylamides,
the other terminal R comprises a monovalent alkyl group having 1 to 6 carbon atoms and the
remaining R® comprise monovalent alkyl group having 1 to 3 carbon atoms. Non-limiting
examples of silicone components of this embodiment include (mono-(2-hydroxy-3-
methacryloxypropyi}-propyl ether terminated polydimethyisiloxane (400-1000 MW); ("OH-
mPDMS"), monomethacrvlioxypropyl terminated mono-n-butyl terminated

polydimethyisiloxanes (800-1000 MW), ("mPDMS™), N-(2,3-dihydroxypropane)-N -{propyi
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tetra{dimethylsiloxy} dimethylbutylsilanciacrylamide methacryamide silicones of the following

formulae (s1) through (36);
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Q {s6}.

{60125} Tn another embodiment b is 5 1o 400 or from 190 to 300, both terroinal R’ comprise
monovalent reactive groups and the remaining R” are independently selected from monovalent
alkyl groups having 1 to 18 carbon atoms which may have ether linkages between carbon atoms
and may further comprise halogen.

160126} In another embodiment, one to four R comprises a vinyl carbonate or carbamate
of the formula:

A 0
HC=C—(CHy)O-C—Y

Formula X

180127] wherein: Y denotes O-, S- or NH-;

{60128} R denotes hydrogen or methyl and gis Qor 1

103129} The stlicone-containing vinyl carbonate or vinyl carbamate monomers specifically
include: i,3-bisf4-(vinyloxycarbonyloxy jbut-1-yijtetramethyl-disiloxane; 3-

(vinvloxycarbonylthio) propyi-[tris (trimethyistloxy)silanc]; 3-{tris(trimethylisiloxy}silyl] propyl
altyl carbamate; 3-[tris(trimethylsiloxysiltyl] propyl vinyl carbamate; trimethyisilylethyl vinyl

carbonate; trimethyisilyimethyl vinyl carbonate, and

9 ChHy CHy CHs 0

Ho G2 G = OCO(CHg = S O 8= O = 8im— (CHp OCO— G CHy

CHs CHs, CHs

e =435

[6613G] Formula X1
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100131} Where biomedical devices with modulus below about 200 are desired, only one
R’ shali comprise a monovalent reactive group and no more than two of the remaining R” groups
will comprise monovalent siloxanc groups.
{60132} In onc cmbodiment, where a silicone hydrogel lens is desired, the lens will be
made from a reaction mixture comprising at lcast about 20 weight % and in some ecmbodiments
between about 20 and 70%wt silicone-containing componenis based on total weight of reactive
monoemer components from which the polymer is made.
{00133} Another class of silicone-containing  components  inchudes  polyurcthane
macromers of the following formulac:
(*DFARDEG), *DYDE';
E(*D*GHD*A), *D*G*D*E’ or;
E(*D*A¥DAG), *DFA*DHE]

Formulae XI-X1V

[60134] wherein:

100135} D denotes an alkyl diradical, an alkyl cycloalkyl diradical, a cycloalkyl diradical,
an aryl diradical or an alkylaryl diradical having & to 30 carbon atoms,

100136} G denotes an alky! diradical, a cycloalkyl diradical, an alkyl cycloalkyl diradical,
an aryl diradical or an alkylaryl diradical having 1 to 40 carbon atoms and which may contain

cther, thio or amine linkages in the wain chain;

166137} * denotes a urethane or ureido tinkage;
180133} a is at least 1;
160139 A denotes a divalent polymeric radical of Formula:
B T?? ] F]‘?1 7
(CHy Jy =t SO S (CHo )y
R'i 7 R1 7
. -in
Formula XV
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103140} R independently denotes an alkyl or fluoro-substituted alkyl group having 1
to 10 carbon atoms which may contain cther linkages between carbon atoms; vis at feast 1 and o
provides a moicty weight of 400 to 10,000; cach of £ and E' independently denotes a

polymerizable unsaturated organic radical represented by formula:

R12
!
RIBCHEC{CHy = Ol 2z (AR 1

Formula XVi

189141} wherein: R" is hydrogen or methyl; R s hydrogen, an alkyl radical having 1 to
6 carbon atoms, or a 0¥ R radical wherein Y i —O- S op - NH R a2 Crg
monovalent alkyl, and in some embodiments an unsubstituted Cp.s alkyl; R™ is a divalent radical
having 1| 1o 12 carbon atoms; X denotes —C{ or —QC-; 7 denotes — OG- or —NH-—; Ar
denotes an aromatic radical having 6 to 30 carbon atoms; wisOto 6, xisQor [, vis8or Ly and z
isforl.

100142} In one embodiment the siliconc-containing component comprises a polyurcthane

magromer represented by the following formula:

O Gy o O o O

9 g e ¥ /| \E fi | I |
= Om COCH,CH= OO RIS NCOCH, CH, 00 H, GO Ris- N(‘C‘((‘ oéeyo;;\ i (G FOTN Ry~ NOOCH,CH,O0H, CH,O0N R 6 MEO~ CHCHa 000

CH, fi i HooH A4 f l ! _

CHy CHy | oH H H H

a
Formula XVIl
. i6 - . T ~ .
{66143] wherein R is a diradical of a ditsocyanate after removal of the isocyanate group,

such as the diradical of isophorone ditsocvanate; a is 1-5, d is 3-4 and ¢ is 106-200 or 10-100.
Another suitable silicone containing macromer is compound of formula XVHI {in which f+ g s
a number in the range of 10 to 30 and b is a number in the range of 20-30, 22-26 or 25) formed
by the reaction of fluorcether, hydroxy-terminated polydimethylsifoxane, isophorone

diisocyanate and isocvanatocthylmethacrylate.
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(00144} (Other silicone~-containing components suitable for use include those described is

WO 96/31792 such as macromers containing polysiloxane, polyalkylene cther, diisocyanate,
polyfluorinated hydrocarbon, polyfivorinated ether and polysaccharide groups. Another class of
suitable silicone-containing components includes silicone containing macrorners made via GTP,
such as those disclosed 1n U.S. Pat Nos. 5314,960; 5,331,067; 5.244.981; 5,371,147 and
6,367,929, UK. Pat. Nos. 5,321,108; 5,387,662; and 5,539,016 describe polysiloxanes with a
polar fluorinated graft or side group having a hydrogen atom attached to a termunal difluoro-
substituted carbon atom. US 2002/0016383 describes hydrophilic siloxanyl methacrvlates
containing cther and siloxany! hinkages and crosslinkable monomers containing polycther and
polysiloxanyl groups. Any of the foregoing polysiloxanes can also be used as the silicone-
containing component.

180 145] In one erbodiment of the present invention where a modulus of less than about
120 pst is desired, the majority of the mass fraction of the silicone-containing components used
in the lens formulation should contain only one polymerizable functional group
{“monofunctional silicone containing component”™). In this embodiment, to insure the desired
balance of oxygen transmissibility and modulus it is preferred that all components having more
than one polymerizable fimctional group ("multifunctional components™) make up no more than
10 mmol/100 g of the reactive components, and preferably no more than 7 mmol/100 g of the
reactive components.

[60146] Inn another embodiment, the reaction mixtures are substantially free of silicone

containing components which contain trimcthylsiloxy groups.
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1083147} The silicone containing components may be present in amounts up to about 85
weight %, and in some embodiments between about 10 and about 80 and in other embodiments
between about 20 and about 70 weight %, based upon all reactive cormponents.

{00148 Hydrophilic components include those which are capable of providing at least
about 20% and in some cmbodiments at least about 25% water content to the resulting lens when
combined with the remaining reactive components, Suitable hydrophilic components include
hydrophilic monomers, prepolymers and polymers and may be present in amounts between about
10 to about 60 wcight % based upon the weight of all reactive components, in some
erabodiments about 15 to about 50 weight %, and in other embodiments between about 20 to
about 40 weight %. The hydrophilic monomers that may be used to make the polymers have at
least one polymerizable double bond and at least one bydrophilic functional group. Examples of
polymerizable double bonds inclade acrvlic, methacrylic, acrylamido, methacrylamido, fumaric,
maleic, styryl, isopropenyviphenyl, O-vinylcarbonate, O-vinylcarbamate, allvlic, O-vinylacetyl
and N-vinylHactam and MN-vinvlarmoido double bonds.  Such hydrophilic monomers may
themselves be used as crosshinking agents, “Acryhic-type” or “acrvlic-containing” monomers are

those monomers containing the acryhic group

166149} wherein R is H or CHs, R is H, Cy3 unsubstitated abicvl or carbonyl, and Qis O or
N, which are also known to polymerize readily, such as N N-dimethyvlacrylamide (DMA), 2-
hydroxyethyl  (methjacrylate,  glycerol  methacrylate,  2-hydroxyethyl  methacryviamide,
polvethyleneglycol monomethacrylate, methacrylic acid, acrylic acid, mixtures thercot and the
fike

B3 150) Hydrophilic vinyi-containing monomers which may be incorporated into the
hydrogels include monomers such as N-vinyl lactams (¢.g. N-vinyl pyrrolidone {(NVP)), N-vinyl-
2- piperidone, N-vinyl-2-caprolactam, N-vinyl-3-methyl-2- caprolactam, AN-vinyl-3-methyl-2-
piperidone, N-vinyl-4-methyl-2- piperidone, N-vinyl-4-methyi-2-caprolactam, N-vinyl-3-cthyl-2-
pyrrolidone, N-vinyl-4,5-dimcthyl-2-pyvrrofidone); N-vinyl-N-methyl acctamide, N-vinyl-N-cthyl

acctamide, N-vinyl-N-cthyvl formamide, N-vinyl formamide, N-2-hydroxyethyl vinyl carbamate,

N
sl
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N-carboxy-f-alanine  N-vinyl ester, vinylimidazole, with NVP being preferred in one
embodiment.

{00151} Additional hydrophilic monomers which may be used include acrylamide, N,N-
bis{2-hydroxyethyhacrylamide,  acrvlonitrile, N-isopropyl  acrylamide, vinyl  acctate,
{methacrylic acid, polvethylene glyeol (methyacrylates, 2-cthyl oxarzoline, N-{Z-hydroxypropyl)
{methjacrylamide, N-(2-hydroxycthyl) {mcthjacrylamide, 2-methacryloyloxyethyl

phosphoryicholine, 3-(dimcthyi{4-vinylbenzylyammonio)propanc-1-sulfonatc {DMVBAPS), 3-

{(3-acrviamidopropylydimethylammonio)propanc- 1 -sulfonate {AMPDAPS), 3-((3-
methacrylamidopropylidimethylammonio jpropane- L -sulfonate (MAMPDAPS), 3-{{3-
{acrvioyloxypropyhdimethylammoniopropane- t-sulfonate {(APDAPS),

methacrylovioxyipropyhidimethvlammoniojpropane- f-sulfonate  (MAPDAPS),  N-vinyl-N-
methylacetamide, N-vinviacetamide, N-vioyl-N-methylpropionamide, N-vinyl-N-methyl-2-
methylpropionamide, N-vinvl-2-methyipropionamide, N-vinyl-N N ~dimethylorea, and the like,
and muxtures thercof. Tn one embodiment suttable hydrophilic movnomers comprise N-vinyl
pyrrolidone, N-vinyi-N-methylacetamide, 2-methacrylovioxvethyl  phosphorylicholine,
{methiacrylic acid, NN-dimethylacrylamide, N-hydroxypropyl methacrylamide, mono-glyeerol
methacrylate, 2-hydroxyethyi acrylamide, bishydroxyethyl acryvlamide, and 2,3-dihydroxypropyl
{methiacrylamide and the like and mixtures thereof,

{60152} In some embodiments the hydrophilic monomers may also comprise charged
monomers including but not limited to methacrylic acid, acrylic acid, 3-acrylamidopropionic
acid {ACA1}, d-acrvlamidobutanoic acid, S-acrylamidopentanocic acid (ACAZ2), 3-acryvlamido-3-
methylbutanoic acid (AMBA}, N-vinyloxycarbonyl-a-alanine, N-vinyloxycarbonyl-B-alanine
{(VINAL), 2-vinyl-4 4-dimethyl-2-oxazolin-5-one (VDMOQO), reactive sulfonate salts, including,
sodium-2-(acryviamido}-2-methylpropane sulphonate (AMPS), 3-sulphopropvt {methjacrylate
potassium salt, 3-sulphopropyl {meth)acrylate sodium salt, bis 3- sulphopropyl itaconate di
sodium, bis 3- sulphopropyl itaconate di potassium, vinyl sulphonate sodium salt, vinyl
suiphonate salt, styrene sulfonate, sulfoethyl methacrylate, combinations thereof and the like.
{00183} Other hyvdrophilic monomers that can be emploved include polyoxyethylene
polyols having onc or more of the torminal hydroxyl groups replaced with a functional group
containing a polymerizable double bond. Examples include polycthylene glyeol with one or

more of the terminal hydroxyl groups replaced with a functional group containing a
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polymerizable double bond. Examples inchade polyethylene glyeol reacted with one or more
molar cquivalents of an end-capping group such as isocyanatocthy! methacrylate ("IEM™),
methacrylic anhydride, methacryloyl chloride, vinylbenzoyl chloride, or the like, to produce a
polyethylene polyol having one or more terminal polymerizable olefinic groups bonded to the
polyethylene polyol through linking moicties such as carbamate or ester groups.

{00154 Still further cxamples are the hydrophilic vinyl carbonate or vinyl carbamate
monomers disclosed in US. Pat. No. 5,070,215, and the hydrophilic oxazolone monomers
disclosed in U8, Pat. No. 4,190,277, Other suitablc hydrophilic monomers will be apparent to
ong skilled in the art.

[00155] In one embodiment the hydrophilic monomers which may be incorporated into
the polymers disclosed herein include hydrophilic monomers such as N N-dimethyl acryvlamide
{(DMAS, 2-hydroxyethyl acrylate, glycerol methacrylate, 2-hydroxyethyl methacrylamide, M-
vinylpyrrolidone  (NVP),  N-vinyl  methacrvlamide, HEMA, and polycthyleneglycol
monomethacryvlate,

(68156} In another embodiment the hydrophilic monomers inclode DMA, NVP, HEMA
and mixtures thereof,

186157} The reactive mixtures used to form substrates such as contact lenses may also
comprise as hydrophilic components one or more polymeric wetting agents. The polymeric
wetting agents may comprise one or more of the water soluble, crosslinked polymers disclosed
herein, previously disclosed wetting agents or a combination thereof.  As used herein, such
polymeric wetting agents used in reaction nuxtires refers to substances having a weight average
moloecular weight of no less than about 5,000 Daltons, whercin said substances upon
incorporation to silicone hydrogel formulations, increase the wettability of the cured silicone
hydrogels. In one embodiment the weight average molecular weight of these polymeric wetting
agents is greater than about 30,000; in ancther between about 150,080 to about 2,000,000
Daltons, in yet another between about 300,000 to about 1,800,000 Daltons, and in yet another
about 500,000 to about 1,500,000 Daltons.

1801 88] Alternatively, the molecular weight of polvmeric wetting agents can be also
cxpressed by the Kevalue, based on kincmatic viscosity measurements, as described in
Enecyclopedia of Polymer Science and Engineering, N-Vinyl Amide Polymers, Second cdition,

Vol 17, pgs. 198-257, John Wiley & Sons Inc. When expressed in this manner, hydrophilic

=N
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monomers having K-vahies of greater than about 46 and in one embodiment between about 46
and about 150. Suitable amounts of polymeric wetting agents in reaction mixtures include from
about | to about 20 weight percent, in some embodiments about 5 to about 20 percent, in other
cmbodiments about 6 to about 17 percent, all based upon the total of all reactive components.
100159] Examples of polymeric wetting agents include but arc not limited to polyamides,
polylactones, polyimides, polvlactams and functionalized polyamides, polylactones, polvimides,
polvlactams, such as DMA functionalized by copolymerizing DMA with a lesser molar amount
of a hvdroxyl-functional monomer such as HEMA, and then reacting the hydroxyl groups of the
resulting copolymer with materials  containing  radical polymerizable groups, such as
isocvanatocthyhuethacrvlate or methacrvloyl chloride.  Polymeric wetting agents made from
DMA or N-vinyl pyrrolidone with glyecidyl methacrylate may also be used. The glyoidyl
methacrylate ring can be opened to give a diol which may be used 1o conjunction with other
hydrophilic prepolymer 1n a mixed system to increase the compatibility of the component in the
reactive mixture. In one embodiment the polymeric wetting agents contain at least one cychic
moiety in their backbone, such as but not limated to, a cyclic amide or cychic imide. Polymeric
wetting  agents include but are not limited to poly-N-vinyl pyrrolidone, poly-N-vinyl-2-
piperidone, poly-N-vinyl-2-caprolactam, poly-N-vinyl-3-methvi-2-caprolactam, poly-N-vinyl-3-
methyl-2-piperidone, poly-N-vinyl-4-methyl-2-piperidone, poly-N-vinyl-4-methyl-2~
caprolactam, poly-N-vinyl-3-¢thyl-2- pyrrolidone, and poly-N-vinyl-4,5-dimethyl-2-pyrrotidone,
polyvinylimidazole, poly-N-N-dimethvlacrylamide, polyvinyl alcchol, polyacrylic  acid,
polyethylene-oxide, poly-2-¢thyl-oxazoling, heparin polysaccharides, polysaccharides, mixtures
and copolymers {including block or random, branched, multichain, comb-shaped or star shaped)
thereof, where poly-N-vinylpyreolidone (PVP) is particularly preferred in one embodiment.
Copolymers might also be used such as graft copolymers of PVP.

{60160} The polymeric wetting agents used in reaction mixtures also provide improved
wettability, and particularly improved in vivo wettability to the medical devices. Without being
bound by any theory, it is believed that the polymeric wetting agents are hydrogen bond
reecivers which in aqueous environments, hydrogen bond to water, thus becoming effectively
more hydrophilic. The absence of water facilitates the incorporation of the polymeric wetting
agents in the reaction mixture. Aside from the specifically named polymeric wetting agents, itis

cxpected that any polymer will be useful provided that when said polymer is added to a
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formulation, the polymer (a) does not substantially phasc separate from the reaction mixture and
{b) imparts wettability to the resulting cured polymer network, In some embodiments it is
preferred that the polymeric wetting agents be soluble in the dilucent at reaction teraperatures.
{00161} Compatibilizing agents may also be used. In some ombodiments the
compatibilizing component may be any functionalized silicone containing monomer, macromer
or prepolymer which, when polymerized and/or formed into a final article is compatible with the
sclected hydrophilic components. The compatibility test disclosed in WO03/022321 may be
used to sclect suitable compatibilizing agents.  In some embodiments, a silicone monomer,
prepolymer or macromer which also coraprises hydroxyl groups is included in the reaction
mixtwre. Examples include 3-methacrvioxy-2-hvdroxypropyloxvipropyibis{trimnethvisiloxy)
methylsilane,  mono-(3-methacryloxy-2-hvdroxypropyloxyipropyl  terminated, mono-butyl
termunated polydimethylsiloxane (MW 11080), hydroxy! functionalized silicone containing GTP
macromers, hydroxyl functionalized macromers  comprising  polvdimethvl  siloxanes,
combinations thercof and the like. In another embodiment, the polymeric wettings may he used
as compatibilizing components.

100162} The hydroxyl containing component may also act as a cross-linking agent during
the formation of substrates such as contact lenses.

{88163} With respect to making substrates such as contact lenses, it is generally necessary
to add one or more ¢ross-linking agents, also referred to as cross-linking monomers, to the

reaction wixtare, such as ethylene glveol dimethacrylate ("EGDMA™}, trimethyiolpropane

trimethacrylate ("TMPTMA”), glveerol tmimethacrylate, polyethyviene glyeol dimethacrviate
{(wherein the polyethylone glycol preferably has a molecular weight up to, c.g., about 5000), and
other poly(methlacrylate esters, such as the end-capped polyoxyethylene polyoels described
above containing two or more terminal methacrylate moictics. The cross-linking agents arc used
in the usual amounts, ¢.g., from about (.000415 to about 8.0156 mole per 100 grams of reactive
components in the reaction mixture, Alternatively, if the hydrophilic monomers and/or the
silicone containing monomers act as the cross-linking agent, the addition of a crosslinking agent
to the reaction mixture is optional. Examples of hydrophilic monomers which can act as the
crosslinking agent and when present do not require the addition of an additional crosslinking
agent to the reaction muxture include polyoxyethylene polyols described above containing two or

more terminal methacrylate moieties.
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[B3164] An cxample of a silicone containing monomer which can act as a crosslinking
agent and, when present, dogs not require the addition of a crosslinking monomer to the reaction
mixture includes o, o-bismethacryloypropyl polydimethylisiloxane.

{00165] The reaction mixture may contain additional components such as, but not limited
to, UV absorbers, photochromic compounds, pharmaccutical and nutriceutical compounds,
antimicrobial compounds, reactive tints, pigments, copolymerizable and non-polymerizable dyes,
relcase agents and combinations thercof.

[00166] Generally the reactive components are mixed in a diluent to form a reaction
mixture. Suitable diluents are known in the art. For silicone hydrogels suitable diluents are
disclosed in WO 03/022321, US6,020,445 the disclosure of which is incorporated herein by
reference.

{80167} Classes of suitable diluents for silicone hydrogel reaction mixtures include
alcohols having 2 to 20 carbons, amides having 10 to 20 carbon atoms derived from primary
amines and carboxylic acids having 8 to 20 carbon atoms. In some embodiments primary and
tertiary alcohols are preferred. Preferred classes include alcohols having 5 to 20 carbouns and
carboxvlic acids having 10 to 20 carbon atoros.

{60168} Specific  diluents  which mway be used include 1-ethoxy-2-propanol,
diisopropylaminoethanol, isopropanol, 3,7-dimethyi-3-octanol, I-decanol, 1-dodecanol, I-
octanol, I-pentanocl, Z-pentanocl, 1-hexanocl, 2-hexanol, Z-octanol, 3-methyl-3-pentanol, tert-amyt
alcohol, tert-butanol, 2-butancl, I-butanol, 2-methyl-2-pentanol, 2-propanocl, -propanol, ethanol,
2-ethyi--butanol, (3-acetoxy-2-hydroxypropyloxyipropylbis{trimethylsitoxy) methylsilane, 1-
tert-butoxy-2-propanci,  3,3-dimcthyi-2-butanol,  tert-butoxyethanol,  2-octyl-1-dodecanol,
decanoic acid, octanoic acid, dodecansic acid, 2-(diisopropylamino)ethanol mixtures thereof and
the like.

{601 69| Preferred diluents include 3.7-dimethyl-3-octanol, 1-dodecanol, 1-decancol, 1-
octanol, I-pentanol, i-hexancl, Z-hexanol, 2-octanol, 3-methyl-3-pentancd, 2-pentanol, t-amyl
alcohol, tert-butanol, 2-butanol, 1-butanol, 2-methyl-2Z-pentanol, 2-cthyi-1-butanol, cthanol, 3.3-
dimethyvi-2-butanol, 2-octyl-1-dodecanol, decanoic acid, octancic acid, dodecancic acid,
mixtures thereof and the like.

{00178} More preferred diluents include 3,7-dimethyl-3-octanol, 1-dodecanol, I-decanol,

{-octanol, 1-pentanol, I-hexanol, 2-hexanol, 2-octanol, I-dodecanol, 3-methyl-3-pentanol, i-
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pentanol, 2-pentanol, t-amyl alcohol, tert-butanol, 2-butancl, I-butanol, 2-methyl-2-pentanol, 2-
cthyi-1-butanol, 3,3-dimethyl-2-butanc!, Z-octyl-1-dodecanol, mixtures thereot and the like.
100171} Suitable diluents for non-silicone containing reaction mixtures include glyeerin,
cthylenc glycol, cthanol, methanol, ethyl acetate, methylene chloride, polvethylene glycol,
polypropylene glycol, low molecular weight PVP, such as disclosed in US 4,018,853, US
4,680,336 and US 5,039,459, including, but not limited to boric acid esters of dihydric aleohols,
combinations thercof and the like.

1060172} Mixtures of diluents may be used. The diluents may be used in amounts up to
about 55% by weight of the total of all components in the reaction mixture. More preferably the
diloent s used 1o amounts less than about 45% and more preferably in amounts between about
15 and about 40% by weight of the total of all components in the reaction mixture,

100173} A polymerization initiator is preferably included in the reaction mixture used to
form substrates such as contact lenses. The polymerization initiators includes compounds such
as lauryl peroxide, benzoyl peroxide, 1sopropyl percarbonate, azobisisobutyronitrile, and the hike,
that generate free radicals at moderately clevated temperatures, and photoinitiator systems such
as aromatic alpha-hydroxy ketones, alkoxyvoxybenzoins, acetophenones, acylphosphine oxides,
bisacylphosphine oxides, and a tortiary amine plus a diketone, mixtures thereot and the like.
Hustrative examples of photoinitiators are 1-hvdroxyvevelobexyl phenyl ketone, 2-hydroxy-2-
methyl-T-phenyl-propan-1-ong,  bis(Z,6-dimethoxvbenzoyl}-2 4-4-trimethylpentyl  phosphine
oxide (DMBAPRQ), bis(2,4.6-trimethylbenzoyvli-phenyl phosphineoxide {Irgacure 8193, 2.4.6-
trimethyibenzyldiphenyl phosphine oxide and 2.4 6-trimethybbenzoy! diphenyiphosphine oxide,
benzoin methyl ester and a combination of camphorquinone and ecthyl 4-(N.N-
dimethylaminotbenzoate. Commercially available visible light initiator systems include Irgacure
819, Irgacure 1700, Irgacurc 1800, Irgacurc 819, Irgacurc 1850 (all from Ciba Specialty
Chemicalsy and Lucirin TPO initiator {(available from BASF). Commercially available UV
photoinitiators include Darocur 1173 and Darocur 2959 (Ciba Specialty Chemicals). These and
other photoinitiators which may be used are disclosed in Volume 111, Photoinitiators for Free
Radical Cationic & Anionic Photopolymerization, 2nd Edition by LV, Crivelle & K. Dictliker;
cdited by G. Bradley; John Wiley and Sons; New York; 1998, which is incorporated herein by
reference. The initiator 18 used in the reaction mixture in effective amounts to initiate

photopolymerization of the reaction mixture, ¢.g., from about 0.1 to about 2 parts by weight per
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100 parts of reactive monomer. Polymerization of the reaction mixture can be initiated using the
appropriate choice of heat or visible or ultraviolet light or other means depending on the
polymerization initiator used. Alternatively, initiation can be conducted without a photoinitiator
using, for example, e-beam. However, when a photoinitiator 1s used, the preferred initiators are
bisacylphosphine oxides, such as bis(2,4,6-trimethylbenzoyl}-phenyl phosphine oxide {Irgacure
&19®} or a combination of [-hydroxycyelohexyl phenyl ketone and bis(2,6-dimethoxybenzoyl)-
2. 4-4-trimethylpentyl phosphine oxide (DMBAPQ) |, and the preferred mothod of polymerization
initiation 18 visible light. The most preferred is bis(2 4, 6-trimethylbenzovl-phenyi phosphine
oxide (h’ gacure 819®).

{00174} The preferred range of silicone-containing monomer present in the reaction
mixture s from about 5 to 93 weight percent, more preferably about 30 to 85 weight percent, and
most preferably about 45 to 75 weight percent of the reactive components in the reaction
mixture. The preferred range of hydrophilic monomer present s from about 5 to 80 weight
percent, more preferably about 10 to 60 weight percent, and most preferably about 20 to 30
weight percent of the reactive components in the reaction mixture. The preferred range of

50 weight
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diluent present 18 from about 2 to 70 weight percent, more preferably about 5 gight
percent, and most preferably about 15 to 40 weight percent of the total reaction mixture
(inchading reactive and nonreactive components).

[60175] The reaction mixtures can be formed by any of the methods known to those
skilled in the art, such as shaking or stirring, and used to form polymeric articles or devices by
known methods.

{83176} For example, the biomedical devices may be prepared by mixing reactive
components and the diluent(s) with a polymerization initiator and curing by appropriate
conditions to form a product that can be subseguently formed into the appropriate shape by
iathing, cutting and the like. Alternatively, the reaction mixture may be placed in a mold and
subsequently cured into the appropriate article.

{80177} Varipus processes are known for processing the reaction mixture in the
production of contact lenses, including spincasting and static casting. Spincasting methods are
disclosed in U.S. Pat. Nos. 3,408,429 and 3,660,545; and static casting methods are disclosed in
U.S. Pat. Nos. 4,113,224 and 4,197,266, The preferred method for producing contact lenses is

by the molding of the silicone hydrogels, which 18 cconomical, and cnables precise control over
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the final shape of the hydrated lens. For this method, the reaction mixture is placed in a mold
having the shape of the final desired silicone hydrogel, ie., water-swolien polymer, and the
reaction mixture is subjected to conditions whereby the monomers polymerize, to therchy
produce a polymer/diluent mixture in the shape of the fingl desired product. Then, this
polymer/dilucnt mixture is treated with a solvent to remove the diluent and ultimately replace it
with water, producing a silicone hydrogel having a final size and shape which arc quite similar to
the size and shape of the original molded polymer/diluent article. This method can be used to
form contact fenses and is further described n U.S. Pat. Nos. 4,495,313; 4,680,336; 4,889,664,
and 5,039,459, incorporated herein by reference.

{00178} RBiomedical devices, and particslarly ophthalmic lenses, have a balance of
propertics which makes them particolarly useful. Soch properties inclode clarityﬂ water coutent,
oxygen permeability and contact angle.  The incorporation of at least one W3C polymer
according to embodiments of the present mvention provides articles having very desirable
wettability/contact angles with solutions and improved biometric performance as evidenced by
reduced bipocalin, lipid and mwcin uptake levels. Silicone hydrogel contact lenses incorporating
the WSC polyrers will display contact angles of less than about 607 and in some embodiments
icss than about 40°, and decreases in contact angie of 40% and in some embodiments 50% or
more. Lipid uptake can be lowered by 30% or more and silicone hydrogel lenses having about
12 pg, 10 pg, or even 5 pg or less may be produced.  In one embodiment, the biomedical
devices are contact lenses having a water content of greater than about 17%, preferably greater
than about 20% and more preferably greater than about 25%,

183179] Suitable oxygen permeabilitics for silicone containing lenses are preferably
greater than about 40 barrer and more preferably greater than about 60 barrer,

1801 88] In some embodiments the articles of the present invention have combinations of
the above described oxygen permeability, water content and contact angle. All combinations of

present invention,

L

the above ranges are deemed to be within the
{60181} The non-limiting exampies below further describe this invention.

100182} Wettability of lenses can be determined using a sossile drop technigue measured
uysing KRUSS DSA-100 TM instrument at room temperature and using DI water as probe
solution. The lenses to be tested (3-5/sample} were rinsed in DI water to remove carry over from

packing solution. Each tost lens was placed on blotting lint free wipes which were dampened
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with packing solution. Both sides of the lens were contacted with the wipe to remove surface
water without drying the lens. To ensure proper flattening, lenses were placed “bowl side down”
on the convex surface on contact lens plastic moulds. The plastic mould and the lens were placed
in the sessile drop instrument holder, ensuring proper central syringe alignment and that the
syringe corresponds to the assigned hquid. A 3 to 4 microliter of DI water drop was formed on
the syringe tip using DSA 100-Drop Shape Analysis software ensuring the liguid drop was
hanging away from the lens. The drop was relcased smoothly on the lens surface by moving the
needle down., The needle was withdrawn away immcdiately after dispensing the drop. The
Hquid drop was allowed to equilibrate on the lens for 5 to 10 scconds and the contact angle was
computed based on the contact angle roeasured between the drop image and the lens surface.
{60183} The water content may be measured as follows: lenses to be tested were allowed
to sit in packing solution for 24 hours. FEach of three test lens were removed from packing
solution using a sponge tipped swab and placed oun blotting wipes which have been dampened
with packing solution. Both sides of the lens were contacted with the wipe. Using tweezers, the
test lens were placed m a weighing pan and weighed. The two more sets of samples were
prepared and weighed as above. The pan was weighed three times and the average 15 the wet
weight.

183184} The dry weight was measured by placing the sample pans in a vacuum oven
which has been preheated to 60°C for 30 mimutes. Vacuum was applied until at least 8.4 inches
Hg is attained. The vacuum valve and purmp were turned off and the lenses were dried for four
hours. The purge valve was opened and the oven was allowed reach atmospheric pressure. The
pans were rernoved and weighed. The water content was calculated as follows:

Wet weight = combined wet weight of pan and lenses — weight of weighing pan
Diry weight = combined dry weight of pan and lens — weight of weighing pan

Y% water content = {wet weight — dryv weight) x 100
wet weight

{601 85] The average and standard deviation of the water content are calculated for the
samples are reported.

{60186} Oxygen permeability (Dk) may be determined by the polarographic method
generally described in SO 18369-4:2006,but with the following variations. The measurement is

conducted at an environment containing 2.1% oxygen. This environment is created by equipping
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the test chamber with sitrogen and air inputs set at the appropriate ratio, for example 1800
ml/min of nitrogen and 200 ml/min of air. The /Dk is calculated using the adjusted pO2. Borate
buftered saline was used. The dark current was measured by using a pure humidified nitrogen
environment instead of applying MMA lenses. The lenses were not blotted before measuring.
Four lenses with uniform thickness in the measurement arca were stacked instead of using lenses
of varied thickness, The L/Dk of 4 samples with significantly different thickness valucs are
measurcd and plotted against the thickness, The inverse of the regressed slope 1s the preliminary
Dk of the sample. If the prcliminary Dk of the sample is less than 90 barrer, then an edge
correction of {1 + (5.88(CT in cm}}) is apphicd to the preliminary L/Dk values. If the preliminary
DKk of the sample is greater than 90 barrer, then an edge correction of (1 + (3.56(CT in cm))) is
apphed to the preliminary L/Dk valoes, The edge corrected L/Dk of the 4 samples are plotted
against the thickness. The inverse of the regressed slope is the Dk of the sample. A curved
sensor was used in place of a flat sensor. The resulting Dk valoe is reported in barrers.

{80187} Lipocalin uptake can be measured using the following solution and wethod. The
lipocalin solution contained B Lactoglobulin (Lipocaliny from bovine milk  (Sigma, L3908}
solubilized at a concentration of 2 wg/ml in phosphate saline buffer (Sigma, D8662)
supplemented by sodium bicarbonate at 1.37g/ and D-Ghicose at .1 g/L

{0188} Three lenses for cach example were tested using the lipocalin solution, and three
were tested using PBS as a countrol solution. The test lenses were blotted on stertle gauze to
remove packing solution and aseptically transferred, using sterile forceps, into sterile, 24 well
cell culture plates (one lens per well) each well containing 2 mi of lipocalin solution. Each lens
was fully immersed in the solution. Control ienses were prepared using PBS as soak solution
instead of lipocalin, The plates containing the lenses immersed in lipocalin solution as well as
plates containing control lenses immersed in PBS, were parafilmed to prevent cvaporation and
dehydration, placed onto an orbital shaker and incubated at 35°C, with agitation at 100 rpm for
72 hours. After the 72 hour incubation period the lenses were rinsed 3 to 5 times by dipping
ienses into three (3) separate vials containing approximately 200 mil volume of PBS. The lenses
were biotted on a paper towel to remove excess PBS solution and transferred into sterile 24 well
plates cach well containing 1 ml of PBS solution.

100189] Lipocalin uptake can be determined using on-lens bicinchoninic acid mecthod

using QP-BCA kit { Sigma, QP-BCA) following the procedure described by the manufacturer
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(the standards prep is described in the kity and is calculated by subtracting the optical density
measured on PBS soaked lenses ( background} from the optical density determined on lenses
soaked in lipocalin solution. Optical density was measured using a Synergyil Micro-plate reader
capable for reading optical density at 562 nm.

[00190] Mucin uptake can be measured using the following solution and method. The
Mucin solution contained Mucins from bovine submaxillary glands (Sigma, M3895-type 1-S)
solubilized at a concentration of 2 mg/ml in phosphate saline buffer (Sigma, D8662)
suppiemented by sodium bicarbonate at 1.37g/1 and D-Glucose at 0.1 g/L.

180191} Three lenses for cach example were tested using Mucin solution, and three were
tested using PBS as a control solution. The test lenses were blotted on sterile gauze to remove

~
&

packing solution and aseptically transferred, using sterife forceps, into sterile, 24 well cell calture

plates {one lens per well) cach well containing 2 ml of Mucin solution. Each lens was fully
fmmersed in the solution. Control lenses were prepared using PBS as soak solution instead of
fipocalin,
160192} The plates containing the lenses immersed in Mucin as well as plates containing
control fenses immersed 10 PBS were parafilmed to prevent evaporation and dehydration, placed
onto an orbital shaker and incubated at 35°C, with agitation at 100 rpm for 72 hours. After the
72 hour incubation period the lenses were rinsed 3 to S times by dipping lenses into three (3)
sgparate vials containing approximately 200 mi volume of PBS. The lenses were blotted on a
paper towel to remove excess PBS solation and transferred into stertle 24 well plates cach well
containing | mi of PBS solution.
iﬂﬁi%} Mucin uptake can be determined using on-fens bicinchoninic acid method using
P-BCA kit { Sigma, (P-BCA) following the procedure described by the manufacturer (the
standards prep is described in the kity and is calculated by subtracting the optical density
measured on PBS soaked lenses (background) from the optical density determined on lenses
soaked in Mucin solution. Optical density was measured using a Synergyil Micro-plate reader
capable for reading optical density at 562nm.
103194} Cell viability can be cvaluated in vitro using a reconstitited corneal epitheliom
tissue construct. The tissue construct was a full thickness corneal epithelium (corneal epitheliam
tissue from Skinethics) reconstituted and grown in vitro on a polycarbonate insert at the air hiquid

interface to form g fully stratified epithelial construct.
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100195} For the ovaluation of lenses a punch biopsy (0.5 emt’) of the lens was applied
topically onto the tissue followed by a 24-hour incubation at 37°C, 5 % CO,. The lens biopsy
was removed, and tissuc was washed with PBS. Cell viability was then measured using the MTT
colorimetric assay (Mosman, T. Rapid colorimetric assay for ccllular gmwth and survival:
application to proliferation and cytotoxicity assays. J. Immunol Methods, 65; 55-63 (1983
tissucs were incubated in the presence of MTT for 3 hours at 37°C, 5 % CO,, followed by
extraction of the tissucs in isopropyl alechol. Absorbance of the isopropyl alcohol extracts was
then measured at 550 nm using a microplate reader. Results were expressed as a percentage of
the PBS control (tissues treated with PBS versus lens-treated tissucs).

100196} For the evaluation of solutions 30ug of solution was applied topically onto the

tissue. The rest of the cell viability was as described for lenses. Each evaluation was done in

triplicate.
{60197} Lipid uptake was measured as follows:
[80193] A standard curve was set up for cach lens type under nvestigation. Tagged

cholesterol {cholesterol labeled with NBD {[7-mitrobenl-2-oxa-1,3~-diazol-4-yl], CH-NBD;
Avanti, Alabaster, AL)) was solubilized in a stock solution of | mg /mU lipid in mcthanol at
35°C. Aliquots were taken from this stock to make standard curves in phosphate-buffered saline
(PBS) at pH 7.4 in a concentration range from 0 to 100 micg /mL.

[B0199] One milliliter of standard at cach concentration was placed in the well of a 24-
well cell culture plate. 10 lenses of cach type were placed in another 24-well plate and soaked
alongside the standard corve samples in 1 ol of a concentration of 20 mucg /mi of CH-NBD.
Another set of lenses (5 lenses) were soaked w PBS without Hpids to correct for any
autofluorescence produced by the lens iself. All concentrations were made up in phosphate
buffered saline (PBS) at pH 7.4, Standard corves, test plates {containing lenses soaked in CH-
WBD) and control plates {containing lenses soaked in PBS) were all wrapped in aluminum foil o
maintain darkness and were incubated for 24 hours, with agitation at 35.C. After 24 hours the
standard curve, test plates and control plates were removed from the incubator. The standard
curve plates were immediately read on a micro-plate fluorescence reader (Synergy HT)).

183200} The lenses from the test and control plates were rinsed by dipping cach individual
lens 3 to 5 times 1o 3 consecutive vials containing approximately 100 ml of PBS to ensure that

only bound hipid would be determined without Lipids carryover. The lenses were then placed in a
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fresh 24-well plate containing 1 mb of PBS in cach well and read on the fluorescence reader.
After the test samples were read, the PBS was removed, and 1 mb of a fresh solution of CH-
NBD were placed on the lenses in the same concentrations as previously mentioned and placed
back in the incubator at 35°C, with rocking, until the next periad. This procedure was repeated
for 15 days until complete saturation of lipids on lenses. Only the lipid amount obtained at
saturation was reported.

{00201} Lysozryme uptake can be measured as follows: The lysozyme solution used for the
iysoryme uptake testing contained lysozyme from chicken cgg white (Sigma, L7651} solubilized
at a concentration of 2 mg/md in phosphate saline buffer supplemented by Sodium bicarbonate at
1.37¢/t and D-Glucose at .1 g/l

1060202} The lipocalin solation contained B Lactoglobulin (Lipocalin) from bovine malk
{Sigma, L3908) solubilized at a concentration of 2 mg/ml i phosphate saline buffer
supplemented by Sodinm bicarbonate at 1.37g/1 and D-Glucose at 8.1 g/i.

100203} Three lenses for cach example were tested using each protein sohution, and three
were tested using PBS as a countrol solution. The test lenses were blotted on sterile gauze to
remove packing solution and aseptically transferred, using sterile forceps, into sterile, 24 well
cell culture plates {one lens per welly cach well containing 2 mi of lysozyme solution. Each lens
was fully immersed in the solution. 2 mi of the lysozyme solution was placed in a well without a
contact lens as a control.

183204} The plates containing the lenses and the control plates containing only protein
solution and the lenses in the PBS, were parafilmed to prevent evaporation and dehydration,
placed onto an orbital shaker and incubated at 35°C, with agitation at 100 rpm for 72 hours.
After the 72 hour incubation period the lenses were rinsed 3 to 5 times by dipping lenses into
three (3) separate vials containing approximately 200 ml volume of PBS. The lenses were
blotted on a paper towel to remove gxcess PBS solution and transferred into sterile conical tubes
(1 lens per tube), cach tube containing a volume of PBS determined based upon an estimate of
fysozyme uptake expected based upon on cach fens composition. The lysozyme concentration in
cach tube to be tested needs to be within the albumin standards range as described by the
manufacturer (0.05 microgram to 30 micrograms). Samples konown to uptake a level of
iysozyme lower than 100 pg per lens were diluted 5 times. Samples known to uptake levels of

iysoryme higher than 500 pg per lens (such as ctafilcon A lenses) are diluted 20 times.
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180205} i mi aliquot of PBS was used for all samples other than etafilcon. 20ml were
used for ctatilcon A lens. Each control lens was identically processed, except that the wel plates
contained PBS instead of etther lysozyme or lipocalin solution.

[80206] Lysozyme and lipocalin uptake was determined using on-lens bicinchoninic acid
method  using QP-BCA lat { Sigma, QP-BCA) following the procedure described by the
manufacturer {the standards prep is described in the kit) and is calculated by subtracting the
optical density measured on PBS soaked lenses ( background) from the optical density
determined on lenses soaked in bysozyme solution.

100207} Optical density can be measured using a Synergyll Micro-plate reader capable for
reading optical density at 562um.

{00208} The foliowing abbreviations will be used throughout the Preparations and

Examples and have the following meanings.

060209} ACAL 3-acrylarmdopropionic acid;

{80210} ACAZ S-acrylamidopentanoic acid;

180211} AIBN 2 Z-azobisisobutyronitrile (Sigma-Aldrich)

100212} 4-BBB 4-(bromomethyiibenzoy! bromide (Sigma-~Aldrich);

166213} DMA N N-dimethylacrylamide (Jarchem}

{00214} Irgacure-819  bis(2,4,6-trimethylbenzoy)-phenviphosphineoxide {Ciba Specialty
Chemicals);

[B215] KX potassium O-cthyl xanthogenate,;

{60216} mPDMS monomethacrvloxypropyl  terminated mono-n-butyl terminated

polvdimethyisiloxane (800-1000 MW);

166217} NaHTTC sodium hexyltrithiocarbonate;

{80218} HBTTC S-hexyl-§"-benzyl-trithiocarbonate, prepared in Preparation 4
{60219} MBA NN'-methylenebisacrylamide (Sigma Aldrich)

160226} MBMA NN -methyvlene bismethacrylamide (TCH)

{60221} NVP  N-vinyipvrrolidone {Acros Chemical), further purified via vacoum
digtillation;

1006222} HO-mPDMS  mono-(2-hydroxy-3-methacryloxypropyli-propyl cther terminated

polvdimethyisiloxane (400- 1000 MW,
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183223} SiGMA 2-methyl- 2-hydroxy-3-{3-[1.3,3,3-tctramethyl- I -

[{trimethyisilyDoxyldisiloxanyl]propoxylpropy! ester;

100224} TRIS-VC tris{trimethylsiloxyisilylpropyl vinyl carbamate;

[66225] V,[Das a silicone-containing vinyl carbonate describe at col. 4, lines 33-42 of
USS5,260,000

[60226] D30 3,7-dimethyl-3-octanol

100227} HPMA N-(2-hydroxypropyl} methacrylamide (Polysciences, Inc.)

{00228 {(VA-044) 2,2"-azobis[2-{2-imidazohiN-2-vhpropanc|dihydrochloride, Wako

Specialty Chemicals

{00229} DPBS Dulbecco's Phosphate Buffered Saline 1x (Cellgro)
160230} Borate bufter is an ophthalmic solution containing the following components
Component Wt%%
Deiomzed Water 98 .48
Sodium Chloride .44
Ronc Acid 0.59
Sodium Borate Decahvdrate 0.17
Eilylenediarame 001
Tetraacetate (EDTA) i
{80231} Prepavation_ 1. Synthesis  of  polviN-(Z-hvdroxvpropyl methacrviamide)
{(PHPMA] Nanogel via RAFT Polvmerization
180232} HPMA was dissolved in hot acetonitrile, filtered and precipitated. The CTA, 4-

cyano-d-{cthylirithiocarbonatepentancic acid (ETP), was obtained from Poly Sciences and used
as recetved. MBMA, VA-044, and Dulbecco's Phosphate Buffered Saline were used as received,
in the amounts listed in Table , 1.

Table 1

W
fxv



[

WO 2013/177506 PCT/US2013/042628

{60233} The polymerization solution was prepared by adding HPMA, CTA, MBMA and
bufter to a 300mL round-bottom three neck flask., The flask was connected to a mechanical
stirrer and closed to the atmosphere, and nitrogen was bubbled through the monomer mix. A
heating mantle was placed under the flask and it was warmed to 50°C. VA-044 was weighed in
a 20mL vial and dissolved in 8g of DPBS to form an initiator solution. 1t was purged of O, with
Ny in an N; atmosphere for 30 minutes. After onc hour of stirring and heating the monomer mix
was completely dissolved and degassed. The initiator solution was then added to the monomer
mix via syringe.

100234} The polymerization solution was cured under an N, atmosphere at 50°C for 180
minutes with continuous stirring.  The teroperature was monitored to make sure it did not rise

above 54°C. The heating mantle was removed when necessary to reduce heat.

1080235} After curing, the resulting solid polymerized material was added drop-wise to
vigorously stirring acetone o precipitate the prodoct. A 2L flask filled with 1600ml of acetone

was used. The precipitated polymer was dried /n vacuo for several hours. Tt was further purified
via tangential flow filtration. The polymer was analyzed for MW and MWD via SEC-MALLS.
166236} Preparation 2, Synthesis of polviN, N-dimethylacrviamide) (PDMAS Nanogel via

RAFT Polvmerization

166237} Materiais: DMA was further purified vig vacuum distillation.  The CTA, 5-
benzyl-S-hexyi-trithiocarbonate (HBTTC) was prepared according to Preparation 4. The MBA,
and AIBN were used as received, in the amounts shown in Table 2.

Table 2

Materials | Amount

;)MA ..................... 12505 .............
HB”nggg .................
NBN ..................... mdmg .............
MBA ..................... z%g .................
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{83238} i25¢ of DMA and l-propanc! were weighed in a 500mL three-neck flask, Next,
HBTTC and MBA were added, and the solution was purged with N, for one hour to remove O
while stirring with a mechanical stirrer.  AIBN {(CTA to initiator ratio=20) was weighed into a
vial and dissolved in 5g of L-propancl. it was then purged with IN; in an N, atmosphere for one
hour to remove O from the solution.

[64239] The solution was heated to 60°C, and the initiator solution was injected into the
monomer solution.  The temperature of the reaction mixture was monitored throughout the
polymerization. It was never allowed to rise above 70°C. A water bath was used to cool the
flask when necessary.  The total reaction time was 210 minutes. The reaction mixture was
guenched by exposing it to atr and hubbling air through .

100240} After curing, the polvmer was added drop-wise to vigorously stirring dicthyl ether
to precipitate the prodoct. A 2L flask containing 1600l cther was used. The precipitated
polymer was dried in vacuo for several hoors, It was further purified via Soxhlet extraction in

hexanes for six days. The polymer was analyzed for MW and MWD via SEC-MALLS.

{86341} Preparation 3. Svathesis of Lincar PHPMA Homopolvime
184242] The HPMA and V-501were used as received.
{86243} 650 g of HPMA and 4875 g DI water were added to a 12 L flask equipped with a

sparge tube, overhead stisrer, and temperature probe.  The resulting solution was sparged with
Ny and stivred at 250 rpm for two hours while allowing the solution temperatare to reach 65°C.
{60244} Once the reaction at reached 65°C, §.85 g V-501 was added and the sohution
temperature was raised to 70°C and held at that temperature for 24 hours. The heat was removed
and the reaction was allowed to cool to 40°C.

83245} The resulting polymer solution was divided into 600 mb portions and cach
portion was precipitated from 2 L of acetone. The isolated solid polymer was filtered and dried
overnight in a hood, then broken up and dried over 24-4& hours. Because the polymer was still
wet, it was placed in 2 Waring blender with 2 L of acetone {(in 5 portions} and blended for 2
minutes to remove additional water. The solid ground polymer was once again isolated and
dricd for 24-48 hours at 50-55 degrees €. The polvmer was then dissolved in 4500 g of
methanol and precipitated (portion-wise) from acctone in g Waring blender. The high shear

precipitate resulted in a fine powder which was casily isolated via filtration and dried to a
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constant weight over 48 hours. The final polymer yicld was 84.9 %. The polymer was analyzed

for MW and MWD via SEC-MALLS.

{00246} Preparation 4. Svnthesis of S-hoxyl-Sbenzvl-trithiocarbonate (HBTTC)
100247} Sodium in kerosene (Sigma Aldrich) was added in picces slowly under nitrogen to

20mb of methanol to form sodium methoxide. The resulting solution was added to a flask
containing |-hexancthiol {(Sigma Aldrich) in scveral aliquots. Carbon disulfide (Sigma Aldrich)
was added drop-wise via syringe. The solution turned yellow immediately. The solution was
allowed to react for 15 minutes. Benzyl bromide (Sigma Aldrich) was then added dropwise via
syringe. A precipitate formed immediately, The reaction was allowed to proceed for two hours.,
A vyellow oil eventoally formed at the bottom of the flask. The methanol was roto-vapped off
and the product was separated from the sodium salt with deionized water and hexane. The
aqueous layer was approximately 30mL and was extracied three times with 50mi of hexane.
The hexane was combined, dried over NapSQy and reduced to dryness via rotary evaporation. 'H
NMR (300 MHz, CDCli): o (ppm) 0.873-1.125 (1, 3H), 1.25-1.63 (m, 6H), 1.63-1.95 (m, 2H),
3.25-3.63(t, 2H), 4.63-4.8 (s, 2H), 7.25-7.5 (m, SH).

{80248} Examples 1~2 and Comparative Examples 1 and 2,
{05249} Senofilcon A lenses were removed from their packages and transferred to glass

vials containing 3 mb of BBPS (Comparative Example 1} 3 mbL of BBPS containing 5000 ppm
of the WSC polymers formed in Preparations 1-2 {(Examples T and 2, respectively), or 3 mb of
BBPS and the lincar polymer of Preparation 3 {Comparative Example 23 The lenses were
capped and crimp-scaled and subscquently sterilized at 124°C for 30 minutes. The following
biometrics data was obtained for lenses treated with cach of the polymers, and for untreated
senofifcon A lenses (Comparative Example 13, The results are shown in Table 4, below.

Table 4

Property CE1 Exl Ex2 {CE 2
. WSO WSC Linear
Polymer A PHPMA | PDMA | HPMA
Lipid Uptake (ug/lens) 31.89 6 6 17.2
Sessile Drop 48.3° 44.03° 40.35° 51.6°
CoF 1.0 1.67 .84 2.05
Mugcin (ug/lens) 5.23 2.25 2.94 3.23
Lipocalin {ug/lens) 3.32 2.06 1.99 2.4
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{602506] The WSC polymers of the present invention provide dramatically reduced hipid
uptake compared to both the untreated control lens of Comparative Example 1, and lenses treated
with the lincar PDMA polymer of Comparative Example 2. Mucin and lipocalin uptake of the
icnses of the present invention were also reduced compared to the control and the lincar PDMA
polymer.

100251} Reference  throughout this  specification to “one cmbodiment,” “certain
cmbodiments,” “one or more embodiments” or "an embodiment” means that a particular feature,
structure, material, or characteristic described in connection with the embodiment is included in
at least one embodiment of the invention. Thus, the appearances of the phrases such as “in ong
or more embodiments,” “in certain embodiments,” “in one embodiment” or “in an erobodiment”
in various places throughout this specification are not necessarily referring to the same
erobodiment of the invention. Furthermore, the particular features, structures, materials, or
characteristics may be combined in any suttable manner in one or more embodiments,

1080252} Although the nvention herein has been described with reference to particular
embodiments, it is to be understood that these embodiments are merely itlustrative of the
principles and applications of the present invention. It will be apparent to those skilled in the art
that various modifications and variations can be made to the method and apparatus of the present
invention without departing from the spirit and scope of the invention. Thus, it i3 intended that
the present invention include modifications and variations that are within the scope of the

appended claims and their equivalents.



Claims

1. An ophthalmic device comprising a silicone-containing polymer and at least one
water soluble, cross-linked copolymer comprising a plurality of primary polymer
chains, {, each having a degree of polymerization in the range of about 10 to

about 10,000, wherein ¢ is represented by the formula

wherein R is a divalent group selected from the group consisting of optionally
substituted benzyl, optionally substituted phenyl, ethanoate, optionally

substituted propionate, 4-cyanopentanoate, or isobutyroate functionalities;

U is independently selected from the group consisting of hydrogen, halogen, C;-
C4 alkyl which may be optionally substituted with hydroxyl, alkoxy, aryloxy (OR"),
carboxy, acyloxy, araoyloxy (O2CR”), alkoxy-carbonyi, aryloxy-carbonyl (CO,R")

and combinations thereof.

V is independently selected from the group consisting of R”, -CO,R", -COR", -
CN, -CONH,, -CONHR”, -CONR";, -O,CR", -OR", cyclic and acyclic N-vinyl

amides and combinations thereof;

R~ isindependently selected from the group consisting of optionally substituted
C1-Cqg alkyl, C2-C1g alkenyl, aryl, heterocyclyl, alkaryl wherein the substituents
are independently selected from the group that consists of epoxy, hydroxyl,
alkoxy, acyl, acyloxy, carboxy, carboxylate, sulfonic acid, and sulfonate, alkoxy-
or aryloxy-carbonyl, isocyanato, cyano, silyl, halo, dialkylamino; phosphoric

acids, phosphates, phosphonic acids, phosphonates and combinations thereof;
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R1s" and Rys are residues of hydrophilic, free radical reactive cross-linking
agents;R1s is a controlled radical polymerization agent;

¢, is another primary chain, are mole fractions, and « is equal to about 0.85 to about
0.999, B is not 0, and the mole fractions of § and y combined are about 0.15 to
about 0.001, and

wherein said copolymer is associated with at least one surface of said ophthalmic
device and provides said ophthalmic device with a reduction in lipid uptake

compared to the silicone-containing polymer of at least about 20%.

2. The ophthalmic device of claim 1 wherein said lipid uptake is less than about 12
ug/lens.

3. The ophthalmic device of claim 1 wherein said lipid uptake is about 10 ug/lens or
less.

4. The ophthalmic device of claim 1 wherein said copolymer has a cross-linker to

primary polymer chain molar ratio in the range of about 0.01 to about 3.

5. The ophthalmic device of claim 1 wherein said primary polymer chains
independently have a degree of polymerization in the range of about 50 to about
5,000.

8. The ophthalmic device of claim 1 wherein said primary polymer chains
independently have a degree of polymerization in the range of about 100 to

about 1000.

7. The ophthalmic device of claim 1 wherein said water soluble, crosslinked

copolymer has primary chains, {, represented by the formula
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10.

11.

12.

13.

The ophthalmic device of claim 1 or 7 wherein R+ is selected from the group

consisting of 4-cyanopentanoate, isobutanoic, or a benzylic group.

The ophthalmic device of claim 1 or 7 wherein Rq is selected from the group

consisting of a cyano-methy or cumyl group.
The ophthalmic device of claim 1 or 7 wherein Ry is polyvalent.
The ophthalmic device of claim 1 or 7 wherein U is selected from H or methyl.

The ophthalmic device of claim 1 or 7 wherein R” is selected from the group
consisting of methyl, -CH,OH, -CH,CH,0OH, -CH,CH,CH,0OH, -CH,-CO5’, -
CH2CH,-CO;’, -CH2CH2CH2-CO;’, -CH,CH,CH,CH2-COy4, -CH;CH2CH2CHoCH,-
COy7, -CH2-S03, -CH2CH,-S03’, -CH,CH,CH,-SO57, -CHCHL,CH,CH2-SOg5', -
CH2CH,CH,CHLCH2-SO37, -(CH3)2-CH2-COy77, «(CH3),-CH3-SO3H, -CH,CH,CH,-
"N(CHj3)2-CH,CH,-CO;", -CHaCH2-"N(CH3)2-CH2CHo-COy7, -CH2CHoCHo-
"N(CH3)2-CH,CH2CH2-SO3, -CH2CH,-"N(CH3)2-CH2CHoCH2-SO37, -CHoCHoCH-
*N(CH3)2-CH2CH2CH2-PO3?, -CH2CH,-"N(CH3)o-CH2CH,CH,-PO5, -
CH3CH2CHa-"N(CH3)2-CH2CHz-P 032 -CHCHa-"N(CH3)2-CH,CH2-PO32, and

combinations thereof.

The ophthalmic device of claim 11 wherein V is selected from the group
consisting of pyrrolidonyl, piperidonyl, 2-caprolactam, 3-methyl-2- caprolactam,
3-methyl-2-piperidonyl, 4-methyl-2- piperidonyl, 4-methyl-2-caprolactam, 3-ethyl-
2- pyrrolidonyl, 4,5-dimethyl-2-pyrrolidonyl, imidazolyl, N-N-dimethylamido,
amido, N,N-bis(2-hydroxyethyl)amido, -cyano, N-isopropyl amido, acetate, ,
carboxypolyethylene glycol, N-(2-hydroxypropyl) amido, N-(2-hydroxyethyl)
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14.

15.

16.

17.

18.

amido, carboxyethyl phosphorylcholine, 3-(dimethyl(4-benzyl)ammonio)propane-
1-sulfonate 3-((3-amidopropyl)dimethylammonio)propane-1-sulfonate 3-((3-
(carboxy)propyl)dimethylammonio)propane-1-sulfonate N-methylacetamide, -
acetamide, N-methylpropionamide, N-methyl-2-methylpropionamide, 2-

methylpropionamide, N,N’-dimethylurea, and the like, and mixtures thereof.

The ophthalmic device of claim 11 wherein V is selected from the group
consisting of -N-(CH3),, pyrrolidonyl, -CON(CHj3),, N-(2-hydroxyethyl) amido or -
N(CH3)COCHs.

The ophthalmic device of claim 1 or 7 wherein R15s and R4s5'cross-linking agents

are free of dimethylsiloxane groups.

The ophthalmic device of claim 1 or 7 wherein Rqs and R¢s' are polymerization
residues of at least one crosslinking agent selected from the group consisting of
N, N-alkylenebis(meth)acrylamides; polyalkyleneglycoldi(meth)acrylates,
polyalkyleneglycoldi(meth)acrylamides, triallyl cyanurate, 1,3-divinylimidazolidin-
2-one, and 3,3"alkylenebis(1-vinylpyrrolidin-2-one), wherein the alkylene has 1-

12 carbons, and mixtures thereof.

The ophthalmic device of claim 1 or 7 wherein R15 and R5’ are polymerization
residues of at least one crosslinking agent selected from the group consisting of
N, N-methylenebis(meth)acrylamide; N,N-ethylenebis(meth)acrylamide; N,N*-
propylenebis(meth)acrylamide; N,N-butylenebis(meth)acrylamide; N,N*-
pentamethylenebis(meth)acrylamide; N, N-hexamethylenebis(meth)acrylamide;
ethylene glycol di(meth)acrylate, triethylene glycol di(meth)acrylate, tetra-
ethylene glycol di(meth)acrylate; N,N'-(oxybis(ethane-2,1-diyl))diacrylamide N,N*-
(((oxybis(ethane-2,1-diyl))bis(oxy))bis(ethane-2,1-diyl))diacrylamide, triallyl

cyanurate, 1,3-divinylimidazolidin-2-one and mixtures thereof.

The ophthalmic device of claim 1 or 7 wherein Rqg is a RAFT or ATRP control

agent.
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19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

The ophthalmic device of claim 1 or 7 wherein a is about 0.92 to about 0.999,

and the combined mole fraction of B and y is about 0.08 to about 0.001.

The ophthalmic device of claim 1 or 7 wherein «a is about 0.95 to about 0.999,

and the combined mole fraction of g8 and v is about 0.05 to about 0.001.

The ophthalmic device of claim 1 or 7 wherein ais about 0.97 to about 0.999, and

the combined mole fraction of 8 and v is about 0.025 to about 0.001.

The ophthalmic device of claim 1 or 7 wherein said water soluble, crosslinked

polymer has a degree of polymerization in the range of about 25 to about 5,000.

The ophthalmic device of claim 1 wherein said water soluble, crosslinked

polymer has a degree of polymerization in the range of about 100 to about 1000.

The ophthalmic device of claim 1 or 7 wherein said water soluble, crosslinked

polymer has a degree of polymerization in the range of about 100 to about 500.

The ophthalmic device of claim 1 or 7 wherein said water soluble, crosslinked

polymer has a degree of polymerization in the range of about 100 to about 300.

The ophthalmic device of claim 1 or 7 wherein said water soluble, crosslinked

polymer is free of substrate associative blocks.

The ophthalmic device of claim 1 or 7 wherein said primary chain, ¢, has a PDI of

less than about 1.5.

The ophthalmic device of claim 1 or 7 wherein at least about 20% of V are

derived from N-(2-hydroxypropyl) (meth)acrylamide.

The ophthalmic device of claim 1 or 7 wherein V comprises repeating units

derived from comonomers.
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31.

32.

33.

The ophthalmic device of claim 1 or 7 wherein V is substantially free of anionic

groups.

The ophthalmic device of claim 1 or 7 wherein V is free of anionic groups.

The ophthalmic device of claim 29 wherein said comonomers are selected from
the group consisting of hydrophilic monomers, hydrophobic monomers, anionic
monomers, cationic monomers, zwitterionic monomers, stimuli responsive

monomers and combinations thereof.
The ophthalmic device of claim 29 wherein said comonomers are selected from

the group consisting of anionic monomers, zwitterionic monomers and

combinations thereof.

68



