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(57) Abstract: Provided are compositions comprising a block copolymer of the following formula: [A]- B-[Q], wherein [A] is a
polymer that has an affinity for a substrate; B is a linking group comprising an optionally-substituted, polyvalent linking group hav-
ing a molecular weight of no more than 1000 g/mole; and [QQ] comprises a semi-crosslinked, ungelled polymer derived from copoly -
merization of an ethylenically unsaturated monomer with a poly-functional ethylenically unsaturated monomer. Such block copoly-
mers are cross-linked via the [Q] segment, but not macroscopically gelled. The | Q] segment is hydrophilic and has a degree of poly-
merization in the range of about 10 to about 10,000. The [A] segment islocated on at least one terminal end of said block copolymer,
comprises between about 1 and about 200 repeating units. The block copolymer is associated, via the linear substrate associative
segment with a surface comprising at least one hydrophobic site, such as a silicone hydrogel. The polymers may be incorporated into
a formulation from which the silicone hydrogel is made or may be contacted with the silicone hydrogel post-formation.
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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”; U.S. Patent Application No.
13/840919, filed on March 15, 2013, entitled “POLYMERS AND NANOCGEL 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™; 13/899694, 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) (METHYACRYLAMIDE POLYMERS OR COPOLYMERS”; and U.S.
Patent Application No. 13/899676 filed May 22, 2013, entitled “CONTACT LENSES
COMPRISING WATER SOLUBLE N-(2Z HYDROXYALKYL) (METH)ACRYLAMIDE
POLYMERS OR COPOLYMERS?”; the contents of which are incorporated by reference.

TECHNICAL FIELD

{0001} The present invention relates to block copolymers that are cross-linked but not
macroscopically gelled having at least onc torminal segment which can associate with a
polymeric substrate. Such block copolymers can be amphiphilic or hydrophilic. Nanogel
materials arc also provided. These block copolymers and nanogel materials may be incorporated
into a variety of substrates, including medical devices, to improve the wettability and hubricity

and inhibit protein and/or lipid uptake thereof,

BACKGROUND

{0602] Contact lenscs have been used commercially to improve vision since the 1950s,
The first contact lenses were made of hard materials. Although these lenses are currently used,
they are not widely used duc to their poor initial comfort and their relatively low permeability to

oxygen. Later developmeuts in the field gave rise to soft contact lenses, based upon hydrogels.
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Many uscrs find soft lenses are more comfortable, and increased comfort levels allow soft
contact lens users to wear their lenses for fonger hours than users of hard contact lenses.

18003} Another class of available contact lenses is silicone hydrogel contact lenses.
Silicone-containing components are combined with conventional hydrogel components to form
stlicone hydrogels which display increased oxygen permeability compared to conventional
hydrogels. However, some silicone hydrogels display undesirably high contact angles and
protein uptake compared to conventional hydrogel lenses.

{0604] Varicus compounds have been disclosed as suttable for treating preformed
stlicone hydrogel contact lenses including surface active segmented block copolymers,
suabstantially water-soluble silicone-containing surfactants, functionalized hybrid PDMS/polar
arophipathic copolymer block systems, including polydimethyisiloxane-PVP block copolymers
and {methacrylated polyvinylpyrrolidone. U.S. Patent Appln. Ser. No, 2011/0275734 15
directed to “non-reactive, hydrophilic polymers having terminal siloxanes,” which have linear or
branched hyvdrophilic segments. There remains a need for methods for iroproving the properties

of contact lenses and particularly silicone hvdrogel contact lenses.

SUMMARY OF THE INVENTION

10005] Provided are compositions that impart excellent wettability and lubricity along
with reduced protein and/or lipid update, and polymeric articles associated with the same.
Methods of making and using these compositions are also disclosed. Compositions comprise a
block copolymer of the following formula: [A}-B-[Q], wherein [A] is a polymer segment that has
an affinity for a medical device; B is a linking group comprising an optionally-substituted,
polyvalent linking group having a molecular weight of no more than 1000 g/mole; and [Q]
comprises a semi~crosslinked, ungelled polvmer derived from copolymerization of an
cthylenically unsaturated monomer with a poly-functional ethylenically unsaturated monomer.
Such block copolymers can be used as nanogel compositions that contain at least one stable,
block copolymer that is cross-linked but not macroscopically gelled, comprising in said
polymer’s backbone, a hydrophilic segment that has a degree of polymerization of in the range of
about 10 to about 10,000, and a lincar substrate associating segment on at fcast one terminal end
of said polymer, wherein said substrate associating segment comprises between about 6 and

about 10,000 repeating units. Ophthalmic devices comprising a surface containing at least one
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hydrophobic polymeric site can be associated with said block copolymer. This association
occurs via the linear substrate associative segment with the surface of the device and provides an
improvement in at icast one property of said ophthalmic device, such as a reduction in lipid

uptake compared to only the substrate, or silicone-containing polymer, of at least about 20%. A

[

non-limiting example of a silicone-containing polymer is a silicone hydrogel. The block
copolymers can be can be amphiphilic or hyvdrophilic. The associative segment can be
hydrophilic or hydrophobic.
{0606] Also provided are methods of inhibiting lipid uptake by silicone-containing
contact lenses, the methods comprising contacting the contact lenses with a solution comprising
[0 atleast one stable block copolyroer comprising a hydrophilic segment having a degree of
polymerization of about 10 to about 18,000 and a substrate associating segment at lcast one
terminal end of block copolyroer, wherein said sobstrate associating segment comprises between
about 1 and about 200 siloxy units, and said block copolymer is associated, via the substrate
associating segment with a surface comprising at least one hydrophobic site of a polymer or
15 article, such as a silicone hydrogel.
{0607} The present invention further provides a composition comprising a water soluble,
block copolymer of the following formula:
{A}-B-[Ql, wherein
[A]is a segment that has an affinity for a medical device;
20 B s a linking group comprising an optionally-substituted, polyvalent linking group having a
molecular weight of no more than 1000 g/mole; and
[Q] compriscs a semi-crosslinked, ungelled segment derived from copolymerization of at least
onc cthylenically unsaturated monomer with a poly-functional cthylenically unsaturated
MONOMer,
25 The present invention further relates to a composition comprising a water soluble, block

copolymer having primary chains, {, represented by the formula
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wherein Ry, A, X, Re, G, I E, Rys, Ry, £, p, my, o8, v, are as defined hercin and Ry 48
any agent capable of countrolling polymerization, and in some embodiments Ry 18 selected from

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

BRIEF DESCRIPTION OF THE DRAWINGS

{G088] Figure 1 shows prior art performance of lipid uptake versus mamber average
molecular weight;
{6069} Figure 2 shows the overlaid refractive index traces from GPC for a series of

PDMA-siloxane block copolymers prepared with increasing amounts of crosslinker, i.¢.
(XL:L-PC values from O to .95} according to Preparation 3 and a comparative lincar PDMA-
stloxane according to Preparation 4;

{66101 Cvalues and a

A0y Segment

Figure 3 shows lipid uptake versus XL:(~PC for varyving DP
constant molar ratio of {AL[Q] of 0.1;
{0011}

Figure 4 shows hipid uptake versus XL:{—PC for varying DP vahies and a

03 -Segment
constant molar ratio of {AL{Q] of 0.55;

18012} Figurc § shows lipid uptake versus XL:{—PC for varying DPnQ_Seﬁmem values and a

constant molar ratio of [AL{Q] of 1.O;

18013} Figure 6 shows lipid uptake versus DP

) S A Ty
6y Segment for varying XL:.(-PC fora

constant molar ratio of [AL[Q] of 0.1

[0814] Figure 7 shows lipid uptake versus DPHQ_SEgmem for varying XL:{-PC fora

constant molar ratio of {A}L{Q] of 0.55;

{0615] Figure § shows lipid uptake versus DPo, o qment for varying XL:(-PC for a

constant molar ratio of [AL{Q] of 1.0;
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DETAILED DESCRIPTION

{0816} Before describing several exemplary embodiments of the invention, it is to be
understood that the invention is not Himited to the details of construction or process steps set forth
in the following description. The invention is capable of other cmbodiments and of being
practiced or being carried out in various ways.

{8017} It has been found that despite advances made by the use of previously developed
non-reactive, hyvdrophilic polymers having terminal siloxanes, which have lincar, branched or
combed hydrophilic scgments, in reducing hipid and/or protein uptake and cnhancing hubricity
and wettability of contact lenses, a Hmit on improved properties is reached as molecular weight
increasces. FIG. 1 depicts this limit with respect to molecular weight. From the plot in Figure 1,
it 1s apparent that for senofilcon A lenses treated with PVP-Siloxane copolymers with increasing
molecolar weights, the lipid uptake decreases to 3 minimal level of about 15 ug/lens when the
hydrophitic PVP segment reaches a molecular weight of about 80 kDa. For lenses treated with
PVP-Siloxane copolymers with molecular weights above 80 kDa, no additional reduction in ipid
uptake on senofilcon A is observed. Surprisingly, it has been found that by emploving polymer
nanogels having terminal substrate associating segroents and cross-linked or “bridged”
hydrophilic segments, lipid uptake can be inhibited to a greater extent as compared to the
analogous non-crosslinked polymers that also comprise terminal substrate associating segments
and are of comparable molecular weights, For example, Figure 1 shows that treatment of a
senofilcon A contact lens with a lincar, uncross-linked PDMA-siloxane copolymer and
exhibiting a number average molecular weight, My, of about 23,000 g/mole, raised the
substrate’s lipid uptake from about 30 meg/lens to about S2 meg/lens. Alternatively, treatment
of senofilcon A with a cross-linked PDMA-siloxanc material {(¢.g. PFDMA-Sil 106-0.55-1.0) with
an equivalent M,, of about 23,050 g/mole results in a remarkable drop in lipid uptake from 30.0
about 12.5 meg/lens.

{0618} The presence of semi-crosslinked, ungelled segments can lead fo contact lenses
with improved propertics, for example, reduced lipid and protein uptake as well as lower friction.
Alsg, it is thought that chotce of cross-linking agent and degree of cross-linking can be tailored
according to desired applications and specific substrate material.

{0619 As used herein “associated” means that the semi-crosslinked block copolymer is

retained in or on the substrate without covalent bonding. Associated may include physical
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retention, such as entanglement or anchoring, or hydrogen bonding, van der Waals forces.
dipole-dipole interactions, electrostatic attraction, and combinations of these effects. It has been
surprisingly found that the association between the semi-crosslinked block copolymers and the
substratc is persistent, and is maintained even with digital rubbing. When the substrate is a
contact lens, the semi-crosslinked block copolymers are retained in and/or on the contact lenscs
through the desired wear cvele, including in embodiments where the contact lens is a reusable
icns, through cleaning with a digital rub.

{0026} As used herein “associative segment” means g portion of the terminal segment of
the polymer that is retained or associated in or on a surface, region, or segment of a substrate.
The associative segment can be hydrophilic or hydrophobic.

{0021} As used herein “non-reactive” means the semi-crosslinked block copolymer 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
betore autoclaving, very fow (less than lwi%) of the semi-crosshinked block copolymers contain
residual reactive groups. Even if residual groups were present, the contacting conditions lack the
initiators necessary to catalyze free radical reactions. Thus, the semi-crosshinked hlock
copolymer 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 semi-crosslinked block copolymer (less
than 5 wt%, and less than | wt%) may have a residual reactive group, there are too few residual
reactive groups to associate desirable or functional amounts of the semi-crosslinked block
copolymer with the substrate. The vastly predominating effect keeping the semi-crosslinked
biock copolymer associated with the substrate is entrapment of at least a portion of the semi-
crossiinked block copolymer.

18022} The term “cross-linked” refers to the attachment of a polymer chain o one or
more polymer chain{s} via a bridge or muktiple bridges, composed of cither an element, a group
or a compound, that join certain carbon atoms of the chains by primary bonds, including
covalent, ionic and hydrogen bonds. In various embodiments of the invention disclosed herein,
cross-linking may occur via covalent bonding, ionic bonding, hydrogen bonding, or the like. An
exemplary embodiment of covalent cross-hnking would include the in situ formation of cross-
links during a free-radical copolymerization of a mono-vinyl monomer and monomer containing

multiple (i.c. 2 or more) vinyl substituents. Such a polymerization would result in the covalent
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cross-linking of multiple polymer chains to each other and {depending on the extont of monomer
conversion and molar quantity of the cross-linker} the formation of @ macroscopic gel.

18023} lonic cross-linking of polymer chains may occur in situ {i.e. during
polymerization} or post-polymerization. The latter case may occur when an agueous solution
containing a polymeric cationic material is added to an aqucous solution containing a polymeric
anionic material. Upon mixture of the two ionic polymers, polymer-polymer complexation along
with small-counter-ion liberation occurs, leading to the formation of ionically cross-linked
polymer-polymer complexcs. 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 1s well known to those skilled 1o the art. The
former case of jonie cross-linking may occor when a mono-vinyl monomer 18 copolymerized
with a di-viny! cross-linker that is composed of two ethylenically unsaturated monomers which
are connected to each other via an lonic bond. Such “ionic cross-linkers” may be formed by
combining an ethylenically unsaturated roonomer containing an acidic {e.g. a carboxylic acid})
moicty with an cthylenically unsaturated monomer containing a basic moiety {¢.g. a tertiary
amine) through simple acid/base chemistry fo form a monomer-monomer complex or divinyl
covalent organic salt.

{0624] In the context of the disclosed invention, cross-linking via hydrogen bonding may
occur when a polymer with multiple proton-donating moietics is combined in solution with a
polymer with multiple proton-accepting moictics. In such embodiments, the two polymers are
able to form sohuble or insoluble complexes, depending on the ratio of proton~-donating groups to
proton-accepting groups in the complex, as well as the abundance of additional solubilizing or
non-solubilizing moictics present on the polymer chains.

{025} As used herein “nanogel” means submicron hydrogel particles which are soluble
or indefinitely dispersible at room temperature in aqueous solutions. In one or more
embodiments, the solutions are clear. In one embodiment the aqueous sohution is at least about
50 weight % water or lens packing solution, in some embodiments at least about 70 weight %, in
other embodiments at least about 90 weight %, in other embodiments least about 99 weight %,
and in other embodiments least about 99.5 weight %.

10026} The polymer nanogels are in a macroscopically ungelled state, making them

soluble in aqucous solutions, including ophthalmic solutions and compositions. The polymers

-3
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are generally in an ungelled state at the temperature at which they are associated or incorporated
into the ophthalmic solution or composition. For ophthalmic devices such as contact lenses, it
may not be necessary for the polymer to be ungelled once it is incorporated or associated with
the contact lens. However, for ophthalmic solutions, the polymer gencrally remains ungelled
throughout storage, and in some embodiments, use. Small quantitics of gelled polymer (Iess than
about 5 wt%) may be acceptable, and in some solutions, if the amount of gelled polymer 18 too
great, it can be removed by processes known in the art, such as filtration.

{80271 Embodiments of polymers provided herein arc randomly cross-linked among and
along the hydrophilic segments of the polymers. Agents used for cross-linking are termed cross-
iinking agends or cross~linkers.

{0028} 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 coraponents
have contact angles with respect to, for example, ophthalmic solutions such as wetting solutions
of greater than about 90°. Examples of at least partially hydrophobic polymer matrices include
contact lenses formed from PMMA, silicones, silicone hydrogels (both coated and uncoated),
stents, catheters and the hike. Examples of hvdrophobic monomers, macromers and prepolymers
are known and inchide monomers, macromers and prepolymers containing silicone groups,
sifoxane groups, unsubstituted alioyl groups, aryl groups and the like. Specific examples include
silicone containing components such as monomethacryloxypropyl terminated mono-n-butyi
terminated polydimethylsitoxanes (800-1000 MW) (mPDMS), monomcthacryloxypropyl
terminated mono-n-methyl terminated polydimethylsiloxanes, TRIS, methyl methacrylate, fauryl
methacrylate, and the like.

{6029} As used herein, “stable” means that the compound does not undergo a change
through a single autoclaving cycle of 121°C for 30 minutes which would deleteriously affect the
desired properties of cither the wetting agent or the combination of the wetting agent and
polymer substrate. For example, cster bonds between the siloxane segment and the polymer
segment are in some embodiments 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.
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{0630} As used herein, “near-monodisperse” means a polydispersity index (PDI of 1.5
or less and refers to an individual primary chain degree of polymerization and/or MW within a
cluster of cross-linked amphiphilic primary chains. In some embodiments, the polymers display
polvdispersities 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 thosc skilled in the art that the individual near-monodisperse primary
chains are statistically cross-linked to onc another during polymerization, and as such, the
resulting amphiphilic, cross-linked, block copolymer clusters will have polydispersity valucs in
excess of 1.5

{0031} As used herein, “degree of polymerization” means the number of repeating units
per polyroer molecule or polymeric segment. For example, in one or more embodiments, the
hydrophilic segment [(Q] (per Formula I can have a degree of polymerization in the range of
about 10 to about 10,000 {or about 50 to about 5000, or about 300 to about 5000, or about 500 to
about 2000, or about 100 to about 1000, or about 100 to about 500, or about 100 to about 300).
{0032} As used herein, “cross-linker to primary chain molar ratio” (XL:L-PC) refers to
the number of moles of cross-linker used during preparation of the block copolymer in a ratio
with the number of moles of primary chain used in the preparation. The number of primary
chains is detcrmined by the molar amount of controlled radical polymerization (CRP) agent, or
control agent, present. Specific embodiments include a cross-linker to primary chain molar ratio
in the range of about 4.005 to about 10 {or about 0.1 to about 5, or about 0.1 to about 1.5, or
about 0.1 to about 1.25). Exemplary CRP agents include, but are not lirotted to: reversible
addition fragment transfer (RAFT) agents; atom transfer radical polymerization (ATRP) agents;
telluride-mediated polymernization {TERP) agents; and/or mitroxide-mediated living radical
polymerization (NMP) agents,

{0033} As used herein, “segment” or “block” refers 1o a section of polyruer having
repeating units with similar properties, such as composition or hydrophilicity,

{6034} As used herein, “silicone segment” refers to -{S10]-. The St atom in each ~{S10}]-
repeating unit may be allovl or aryl substituted, are preferably substituted with T4 alkyl, and in
one embodiment are substituted with methyl groups to form a dimethylsiloxane repeating unit.
[B035] As used heretn “lincar silicone segment” refers to siloxane repeating units having
the silicon and oxvgen atoms in polymer backbone. For example, polydimethylsiloxane is an

example of a lincar silicone segment because ~Si0-~ groups are contained in the backbone.
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PolyTRIS is not a lincar silicone segment, because the siloxane groups are contained pendant to
the carbon-carbon backbone.

{0036} As used herein a “hydrophilic associative segment” 18 hydrophilic, but can
associate with the substrate via hydrogen bonding or ionic bonding. For example, for lenses
which comprise a proton acceptor such as DMA, NVP or PVP, the hydrophilic associative
segment comprises proton donating groups. Suitable proton donating groups include 4-
acrylamidobutanoic acid (ACAIL) (3-acrylamidophenyliboronic acid (APBA), or vinyl bezoic
acid.

{8037} As used herein, “complexing segments” or “complexing groups” include
functional group pairs that exhibit strong non-covalent interactions, e.g. alkyl or aryl boronic
acids that interact strongly with diol functional groups or biotin and avidin binding. Inone
embodiment, the coroplexing segments may comprise monomers such as (4-vinylphenyhboronic
acid, (3-acrylamidophenybhboronic acid, or (4-acrylamidophenyliboronic acid or N-(2-
acrylamidoethyl}-5-{{3aS 45 ,6aR )-2-oxchexahydro- 1 H-thieno[ 3 4-dJimidazol-4-ylipentanamide.
{0038} As used herein, “stimuli responsive components” inclade those which undergo a
physical or chemical change in response to a change in covironmental conditions. Conditions
which can induce a change include pH, light, salt concentration, temperatiire, combinations
thereof and the like. Examples of monomers which can be used to prepare stimuli responsive
components include but are not hmited to M-isopropylacrylamide, viny! bezoic acid, or
acrviamidobutanoic acid (ACAITL}, and the like.

{6039} As used herein “substrate” refers to an article, such as a sheet, film, tube or more
complex form such as biomedical devices.

{6040} As used herein, a “biomedical device™ is any article that is designed to be used
while cither in or on mammalian tissues or fluid. Examples of these devices include but are not
fimited to catheters, implants, stents, sutures, bandages, and ophthalmic devices such as
intraocufar fenses and contact lenses and the like.

16041 As used herein, the term “lens” refers to ophthalmic devices that reside in or on
the eye. These devices can provide optical correction, cosmetic enhancement, UV blocking and
visible light or glare reduction, therapeutic cffect, inchuding wound healing, delivery of drugs or

nutraceuticals, diagnostic evaluation or monitoring, or any combination thereof. The term lens

16
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includes, but is not limited to, soft contact lenses, hard contact lenses, intraccular lenses, overlay
icnses, ocular inserts, and optical inscrts.

10042} As used herein, a “silicone-containing polymer” is any polymer containing
siticone or stloxane repeating units, The silicone-containing polymoer may be a homopolymer,
such as siliconc clastomers, or a copolymer such as fluoro-siliconces and silicone hydrogels. As
used herein, silicone hydrogel refers to a polymer comprising silicone containing repeating units
and in some embodiments, a water content of at least about 10%, and in some embodiments at
icast about 20%.

10043} As used herein RAFT polymerization or RAFT refers to reversible addition
fragmentation-chain transfer polymerization,

{0044} As used herein “reactive components” are the components in a polymerization
reaction moixture which become part of the structure of the polyvmer upon polymerization. Thus,
reactive components include monomers and macromers which are covalently bound into the
polymer network. Diluents and processing aids which do not become part of the structure of the
polymer are not reactive components,

[0045] As used heretn “substituted” refers to alkyl groups which may contain halogens,
esters, aryls, alkencs, alkynes, ketones, aldehydes, ethers, hydroxyls, amides, amines and
combinations thereof,

{6046} As used herein “free radical source” refers to any suitable method of generating
free radicals such as the thermally induced homolyiic scission of a suitable compound(s)
{thermal initiators such as peroxides, peroxyesters, or azo compounds), the spontaneous
generation from monomer {(¢.g., styrene), redox initiating systems, photochemical initiating
systems or high energy radiation such as clectron beam, X- or gamma-radiation. Chemical
species known to act as “free radical sources” are commonly called inttiators by those skilied in
the art and will be referred to as such for the purposes of this disclosure.

{80347} As used herein “proton donating segments” or “proton donating groups” are
functional groups which have the ability to donate a proton to a proton accepting segment or
group under lens forming, autoclaving or storage conditions. Proton donating functional groups

inchude alcohols, acids, primary amides, and the like.
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{0048} As used herein “proton accepting segments” or “proton accepting  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, carbonyls and the like.
{06049} In onec embodiment, the block copolymer of the present invention is a stable
polymeric wetting agent and compriscs a hydrophilic segment and a substrate-associative
segment on at lcast onc terminal end of the polymer. Said polymers are comprised of at lcast one
[A] block comprising # repeat units and suitable carbon-containing groups and at least onc [Q}
block comprising m repeat units and suitable carbon-containing groups, whereas, [A] and [Q] are
linked to cach other in any order (i.c. [A] to {Q], or [Q] to [A]) via a linking group, B. As
desired, a plurality of [A] and/or [(Q] blocks can be used, so long as a B linking group is located
between any combination of [A] and [Q] blocks. In this embodiment, A is defined as a maternial
or polymer that has an affinity for at least a portion of a medical device, B 15 a linking group that
comprises an optionally-substituted, polyvalent linking group with a roolecular weight (MW) of
no more than 1000 g/mole, and [Q] coroprises a semi-crosslinked, ungelled polymer denived
from the copolymerization of an ethylenically unsatorated monomer with a poly-functional
cthylenically unsaturated monomer, The following stracture is a generalized, non-himiting
representation of an embodiment of the invention:

A-B-Q]

where [(3] may or may not contain an agent capable of controlling a free radical polymerization.
[A]1s selected from materials that have an affinity for a given substrate or medical device. {A]
may be selected from polymer and copolymer segments comprising lincar or branched stloxanes,
hydrophobic alkyl groups having 4-24 carbons, proton donating functional groups, proton
accepting functional groups, ionic functional groups, boronic acid functionalities, stimuli
responsive functionalitics, combinations thercof and the like. For block copolymers with
multiple A segments spaced close together, hydrophobic alkyl groups having 2 or more carbons
may be suitable. In onc embodiment, [A] compriscs, consists or consists essentially of a
polydimethylisiloxanc {PDMS}-containing structure and has an affinity for medical devices
which contain at lcast one hydrophobic material. For example, PDMS can associate with
sthicone hydrogel contact lenses via hydrophobic-hydrophobic interactions between the PDMS
contained within {A] and that contained within the contact lens. Other embodiments of [A]

inchude structures that comprise, consist or consist cssentially of proton donating and proton
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accepting functional groups. In one such embodiment, [A] could comprise, consist or consist
cssentially of multiple proton donating functional groups, such as alcohols, and thus have an
affinity for medical devices or other surfaces which proton are accepting. Conversely, [Ad could
comprise, consist or consist essentially of multiple proton accepting functional groups, such as
amides, and thus have an atfinity for medical devices or other surfaces which are proton
donating. Yet in other embodiments {A] could comprise, consist or consist essentially of
multiple ionic functional groups, such as carboxvlates, sulfonates, ammonium salts, or
phosphonium salts, and thus have an affinity for medical devices with an opposite charge to that
of a given ionic group in associating segment { A}, Other cmbodiments of [A] could include those
which comprise, consist or consist essentially of functional groups capable of undergoing
complexation with other coraplementary functional groups on a medical device or surface; for
example, [A] could comprise, consist or consist essentially of multiple boronic acid
functionalitics and associate with a roedical device or surface which contains multiple hydroxyl
groups. Inan aliernative embodiment, the hydroxyl groups may be comprised within [A] and be
associated with a surface containing multiple boronic acid functional groups. Tn some
embodiments, [A] 18 stimuli responsive and is 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 example, A} might comprise, consist or
consist essentially of a temperature-responsive polymer or copolymer, such as poly{ V-
isopropylacrvlamide) (PNIPAM), which undergoes a phase-transition in water at 32°C.
Therefore, at solution temperatures below 32°C, said PNIPAM [A] block is water-soluble and
hydrophilic, while at higher solution temperatures (i.c. greater than 32°C) it is water-insoluble,
hydrophobic, and able to associate with a medical device or surface which contains at least one
hydrophobe.

{6056 B is defined as a linking group which connccts [A] and [(Q] to cach other in any
order and can cxist as any optionally substituted, polyvalent structure with a MW of less than
about 1300 g/molc. Embodiments of B include optionally substituted, polyvalent aliphatic
structures, optionally substituted, polyvalent aryl structures, optionally substituted, polyvalent
alkvlenc structures, or a direct bond.

[0051] The structure [Q] is comprised of a semi-crosslinked, ungelled polymer derived

from the copolymerization of an cthylenically unsaturated monomer with a poly-functional

Y
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cthylenically unsaturated monomer. In onc embodiment, the polymerization leading to the
formation of [{3] is initiated from a carbon atom contained within structure B. In such an
embodiment, the formation of a semi-crosslinked, ungelled polymer occurs and those skilled in
the art will appreciate that the resultant polymer will contain multiple [A], B, and {Q} structures
in a given polymer molecule due to the cross-linking that occurs between multiple propagating
[AJ-B-[Q] chains.

18052] The polymeric wetting agents may beneficially be associated with the substrate in
a single step, without prior pretreatment. Morcover, because the [A] segments are terminal,
persistent association of the polymeric wetting agents is achicved, without covalent bonding to
the lens, the requirement for special monomers like amines, carboxylates or thiols in the bulk of
the substrate.

{0853} In one embodiment, the polymeric wetling agent has the general structure and

primary chain designator, ¢, as shown in Formula TA,

t/sp
\ S
Y
9
Formula i

{8854} Wherein R, Rys, RYys X, G, DL E, 2, 5, 5, o, By, n, m, t and p are defined
below, and may be formed by contacting:
{6055} At least one hydrophilic monomer having the formula H,C=UVY,
{8056} At least one RAFT agent of Formula I having a chain transfer constant greater

S
R g A e X o R &;‘—{
z 4.
t P
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than §.1;
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Formula {{

18087] (iti} free radicals produced from a frec radical source (i.c. an initiator); and
{0058] {(iv} a cross-linking agent, H,C=UR"y5
15859] iIn the above formulae, A is selected from lincar dialicyl or diaryl

polysiloxanes having 6-1,000, 6-200, 6-60, 6-50, 6-20, 6-15 and in some cmbodiments, 6-12
repeating units, alkvienes having 2 to 25 carbon atoms which may be optionally substituted with
atoms selected from 8, O, N, P and combinations thereof

15060} Ry, Re, X, Z, t and p are defined below.

{0061} In onc embodiment, that can be referred to as a hyvdrophobic-hydrophilic block
co-polymer, where [A] is a siliconce or PDMS-containing polymer or oligomer, the polymeric

wetting agent has the general structure and primary chain designator, {, as shown in Formula la.

[/ R, {/Rs R, R S
\ \ Y/
=R SaiO sg} X=—Rg E{G}{D}(E}ES /
i In \\ o E B I y ‘m \
i Ris  Riys AV
5, J E
A N ¢ y;
Y,
Formula la
16062] Wherein Ry through R, Rys, R'ys X, G, D, E 2,6, G, o, By, 0, m, t and p are
defined below, and may be formed by contacting:
{8863} At feast one hydrophilic monomer having the formula H,C=UV
{8064} At least one polysiloxane RAFT agent of Formula f{a having a chain transfer

constant greater than 0.1
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Formula {a

18065] (iti} free radicals produced from a frec radical source (i.c. an initiator); and
{06066} (iv} a cross-linking agent, H,C=UR"y5
18067] In the above formmlac, Ry is selected from substituted and unsubstituted Cypy

alkyl; in some embodiments substituted and unsubstituted Cy.q9 alkyl and in other embodiments
substituted or unsubstituted Cy galkyl, Ci4 alkyl, methyl or n-butyl;

{0068] R;-Rs are independently sclected from H, Cy4 alkyl and Cgg aryl, and
combinations thereof, and in one embodiment, Ry-Rs arc independently sclected from C;-Cy
alkyl, and combinations thercof] and in another ermbodiment R-Rs are methyl;

{0069} n=DP, and is 6-1,000, 6-200, 6-60, 6-50, 6-20, 6-15 and in some

A-Begment
embodiments, 6-12;

{6070} m=DP . and s 10-10,000, 50-1000, 50-500, and in some

B(3-Segm
embodiments, 100-300, and X, Z, p and t are as defined below.

18071} In polysiloxane RAFT ageunts of Formula M, R is a free radical leaving group
that initiates free radical polymerization. Rp s selected frormo divalent groups consisting of
optionally substituted alkylene; optionally substitoted saturated, unsaturated or aromatic
carboeyelic or heterocyclic rings; optionally substituted alkylthio; optionally substitated alkoxy;
or optionally substituted dialkylamino. In one embodiment, Rs 5 selected from optionally
substituted benzyl, optionally substituted phenyl, ethanoate, optionally substituted propionate, 4-
cyanopentanocate, or isobutyroate functionalities. In ewbodiments using the polysiloxane RAFT
agents for Formula I the % polysiloxane RAFT agent used is selected to provide the desired

ievel of association with the substrate, but prevent gellation of the block copolymer.
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18072} X is selected from ~0O-(CO})-, -{COO0-, -NRs-{CO}-, {COMNRg-, -O-, T2
alkylene, Cis alkylene or a direct bond, and in some embodiments Ry is selected from H, mothyi,
ethyl or propyl;

{8073} 7 1s sclected from the group consisting of hydrogen, chloring, fluorine,
optionally substituted alkyl, optionally substituted arvl, optionally substituted heterocycelyl,
opticnally substituted alkvithio, optionally substituted alkoxy, optionally substituted
alkoxycarbonyl, optionally substituted arvloxycarbonyl (-COOR™), carboxy (-COOH), optionally
substituted acvloxy (-O,CR™), optionally substituted carbamoyl (-CONR™,}, cvano (-CN},
dialkyl- or diaryl-phosphonato [-P(=0)}OR"},]. dialkyl- or diarvi-phosphinato [-P(=0¥OR"},],
and a polymer chain forrmed by any mechanism; in other embodiments, Z may comprise a
“switchable” functional group, that is sensitive to sohution pH and allows ove to tune the RAFT
agent’s reactivity. In one erobodiment, where a “Switchable” Z-group 1s eraploved, 7 comprises

the following non-limiting stracture:

{0074}
10075] pis | or an integer greater than 1, 1-5, 3-5 and in some embodiments | or 2.

When p>2, then R is selected from p-valent moieties derived from any of silicon, sulfur,
oxygen, nitrogen, optiovally substituted alkylene, optionally substituted arvl, a polymer chawn, or
a combination thercof, Such an embodiment 15 disclosed in the following structural analogues of

Formulas 1 and I, namely Formulas T and IV

Ry Ra R R4 R«;

5 RS Rg 2 S
>~—ng mx—%Ssmo%s;m&ms;—%Q SVE'XWR@ Qm—-——s—<
z z

Formula 111
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S Rs R; Ry R, R, Ry Ry, Rs S
Vi S 4 ‘Wi
3 Rﬁmxm{mssma-}msstqmssm{noms;%mmeG 3
n n
i £ £ 1

Formula IV

19876} where R-Rg, X, 7, and n are defined as above and t1s | or an integer greater
than 1. When t>2, then R is p-valent, and would be connected to more than one
thiocarbonyithio functional group. Such an embodiment is disclosed in the foliowing structural

analogues of Formulas I and I, namely Formulas V and VI

ﬁ
R, Ry Ry R Qe G G 7
N N\ /
Rq Si Q Si X R@
TR
G N c Z
! ’
8
Formula V
S
\WAPNAYA /
=3 S;iO S.Jx R
b \
\\ smﬁwz o
S
Formula VI
{06677} £ 1s another primary chain that i cross-linked to a primary chain, , as

disclosed above. One or more §; primary chains may be attached to a § primary chain and §

primary chains may be further attached or cross-linked to additional {; primary chains and so on
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and so forth. Those skilled in the art should appreciate the fact that the cross-linking of {
primary chains to other §; primary chains as well as the further cross-linking of §; primary chains
to G primary chains, and § primary chains o §; primary chains, and so on and so forth, is a
generalized description for the formation of statistically cross-linked block copolymers {of the
form [A]-B-{Q]} that arc randomly cross-linked to cach other via their hydrophilic (J-segments.
For the purposes of this invention, all cross-linking scenarios between hydrophilic segments of
various &-, &, and (-, primary chains are possible and realized and groupings of (-, {i-, and

«...primary chain block copolymers attached to cach other via cross-links, as described above,
will be referred to as C-clusters. Without being bound to theory, the following non-limiting

examples of cross-linking between {-primary chains can occur during formation of the somi-

cross-tinked C-clusters: {-Cj, C-Cy, Gp-Gi, Gi-Ciy Si-Gi..and 80 on and so forth, The number of
primary chains that are attached to cach other in a single cluster 15 a function of several variables,
one of which includes the theoretical cross-linker to primary chain molar ratio (XL:C-PCy. If the
reactivities between the monomer and cross-linker in a given polymerization are similar, ¢.¢. a
copolymerization between NV N-dimethylacrylamide and NN -methylencbisacrylamide, random
incorporation of cross-linker into the {-primary chain can be assumed. This random
incorporation of potential cross-linking sites along the C-primary chain, as well as collision
frequency of these pendant cross-linking sites with other propagating C-primary chains or £~
clusters is what is believed to govern, to a large extent, the number of {—clusters and the average
number of primary chains per cluster.
{6078} R'ys 18 any carbon-containing structure containing at least onc group capable
of forming a covalent, ionic or hydrogen bond with other (-chains, and in one embodiment is
selected from cthylenically unsaturated moiety that is linked to the primary chain, £, §;, or G
LY R,s is any carbon-containing structure that comprises a cross-link between two
C-chains, and 1s derived from R'ys. R’y optionally contains one or more unsaturated bonds;
LR The hydrophilic segment, Q, compriscs statistically distributed repeating units

of G, D, and E with the following formulac:
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T | T
CHym—C Chy—¢ CHym—C

| s |

V !i’ R!lﬁ

e
G D E
Formula VIi
{081} The terms a, B, and v, specity the relative molar amounts (in terms of mole

fraction) of G, D, and E that comprise the hydrophilic segment, Q. In some embodiments, « 18
equal to about .85 to about 0.999, about .92 to about (.999, about 8.95 to about (1.999, and
about .97 to about 0.999, while the sum of £ and v for each respective range of o would be
equal to about 0.15 to about §.001, about 0.08 to about 8.001, about 0.05 to about 8.001, and
about 8.025 to about 0.001. For the purposes of the disclosed invention, the mole fraction of D
in the hydrophilic segment, Q, {i.e. B) of a {-primary chain s intended to be maximized,
compared to that of B (i.c. v) thus maximizing the number of cross-links of Q to the Q-segments
of other C-primary chains, Le. very few unrcacted R'ys moicties remain. Al mole-fraction ranges
of u, B, and v are based on the relative amounts of monomer and cross-linker emploved in the
monomer foed of a given embodiment and assumes that the reactivity differences between vinyl-
substituents on the monomer and cross-linker are minimal, 1.¢. near-statistical incorporation
occurs. In one embodiment, the nanogels of the present are substantially free from unreacted
R'ys groups. When R'y5 comprises a double bond, this may be confirmed via FTIR or other
methods capable of detecting the presence of double bonds.

{8082} U is selected from the group consisting of hydrogen, halogen, C,-Cy alkyl
which may be optionally substituted with hydroxyl, alkoxy, arvloxy {OR”), carboxy, acvloxy,
arovioxy (O,CR”), alkoxy-~carbonyl, arvioxy-carbonyl (CO;R”) and combinations thereof] and in
some embodiments from the group consisting of H, methyl.

{0083} Vs independently selected from the group consisting of hydrogen, R”, CO;H,
CO:R”, COR”, N, CONH,, CONHR”,CONR™,, G,CR”, OR” and halogen; plus cyclic and

acyclic N-vinyl amides and combinations thereof;

20



[

10

5

WO 2013/177523 PCT/US2013/042658

{00384} R” is independently selected from the group consisting of optionally
substituted C-Cyg alkyl, C;-Cyg alkenyl, aryl, heterocycivl, alkaryl wherein the substituents are
independently sclected from the group that consists of epoxy, hvdroxyl, alkoxy, acyl, acvloxy,
carboxy and carboxylates, sulfonic acid and sulfonates, alkoxy- or aryloxy-carbonyl, isocyanato,
cyano, silyl, halo, and dialkylaming; phosphoric acid. In onc embodiment R” is selected from the
group consisting of methyl, pyrrolidonyl, -N-{CHjy),, -N(CH;)}-COCH; (N-vinyl acetamide}, —
CH,CH,-COOH, -CH,CH,;CH,-COOH, -CH,CH,CH,CH,-COOH, ~(CH;)-CH;-SO:H, -
(CH)-CHp»-COH |, -CHyCHCH-+N(CH)-CH,CHCHL-SOy, -CHLCHCH- N(CH )~
CH,CH;-COy nCHQCHgCHQQ%N(CH;)z, and combinations thereof. In another embodiment ¥V is
selected from -N-{CHas)s.

In one embodiment, the substituents R, through Rs are the same. In another embodiment R,
through Rs are the same and are selected from methyl, ethyl or phenyl, To vet another
erobodiment Ry through Rs are the same and are selected from methyl or ethyl. o yet another
embodiment each of Ry through R is methvl.

{B085] Examples of stable block copolymers are shown below in Formula VHI with

substituents R, X and Rg identified by brackets.
Formula X 11

Hydrophobic [A]-Block B-Linking Group
_inking Group

Hydrophilic {Ql-Segment

~

e N HN HN

)
N>\K HN/ 7R
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Formula X1lla

Hydrophilic [(Q]-Segment

A : A

C

5 [0086]

NC.

7R

. HN
HN o

In another embodiment X is selected from cthylenyl or -O{C=0}-, with

ethylenyl being preferred duoe to s hydrolytic stability.

{0087}

In another embodirment Ry 18 an alkylene selected fromu

{ THS.% ( CHy CH, cE:H;3
-{FCHZ% GH “ {:CHZ%C CH CHp=C
’ ) n 1 E

CHy CH; | > n=1-20  GH, CHy CHs

{088}
10

{0089}

a nitrifoalkyl sclected from:

C])HS OHa
C {CHE}—QMM
|

CN m=1-20 CN

b

Or an aromatic group selected from:
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{0690} The selection of Ry will be influenced by the thiocarbonyl compound selected
and the monomer{s} used for polymerization in the next step.

16891} In one embodiment, Ry is sclected from the following structures, wherein @

and X are as defined above:
N | P — — Rg =

__S%m
“"S“:%J“
53

Formula IX
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Structures of Ry polysiloxane-functional RAFT agent {right) final copolymer {lcft)

{0893} In one embodiment where Ry is p-valent it may be comprised of the following
structure:
/\ S
\ [

CH g Qoo G e 7.

AR |

fh=ii=1twS5 ifh=4,1=1tc2
ifh=21=licd ifh=51=1
ifh=31=1tc3

10093} Wherein Ry and X are as defined above and Z 1s selected from optionally
substituted alkoxy, optionally substituted alkyithio, optionally substituted aryl, or optionally
substituted benzyl. In onc embodimoent Z 18 an optionally substituted alkylthio, and in another
embodiment Z is an optionally substituted alkoxy.

[0094] it should be appreciated that the substitutions described above may be
combined in any combination. For cxample, the foregoing description includes families of
compounds having three separately defined substituent familics for 7. Any of these substituent
families may be combined with the substituent families disclosed for the other substituents,
{8095} The hydrophilic segment of the block copolymer generally has a degree of
polymerization in the range of about 10 to about 10,000, In some embodiments, the degree of
polymerization is at least about 100, or at least about 300, or even in others at least about 580, Io
further embodiments, the hydrophilic segment of the block copolyrmer has a degree of
polymerization within the following ranges: about 300 to about 10,000, about 300 fo about
5,000, between about 500 to about 10,000, about 580 {0 about 5,000 and about 500 to about 2000
and about 700 to about 2000. Degree of polymerization may be obtained from MALDI-TOF,
SEC-MALLS, NMR or a combination thereof.

{8096} The hydrophilic segment, Q, for cach {-primary chain is ¢ross-linked or semi-
cross-linked. That 1s, uniike previously disclosed art having only linear, branched, or combed
structares, the hydrophilic segment 1s randomly cross-linked via covalent, iounie, or hydrogen-

bonds along the block copolymer that form the hydrophilic segments. Cross-hinking agents have
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one or more reactive or associative functionalities to react with and/or associate the amphiphilic
copolymers of the present invention to one another via their hydrophilic segments. Exemplary
covalent cross-linking agents inchide: N, N -methylencbis{(meth)acrylamide; NN
cthvlenebis{methlacrylamide; NN -propylenebis{meth)acrylamide; NN
butylenebis{methjacrylamide; N V-pentamethylenebis{methjacrylamide; N, N
hexamethylenebis{(methjacrylamide; all other N, N-alkylenebis{methjacrylamides; all
polyalkyleneglyeoldi{methjacrylates, including, but not limited to ethylene glycol
di{methjacrylate, tricthylene glycol di{fmethacrylate, tetra-cthylene glyco! di{meth)acrylate; and
all polvalkyleneglycoldi{methlacrylamides, including, but not limited to N N-{oxybis{ethane-

2 1-divijdiacrylamide N N'-({{oxybis{cthane-2,1-divi)}bis{oxy}}bis{cthane-2,1-
divlyidiacrylamide, triallyl cyamarate {TAC), 1.3-divinylimidazolidin-2-onc and

3,3 alkyiencbis{ I -vinylpyrrolidin-2-one}, wherein the alkylene has 1-12 carbons,

{0097] 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 substrate, the disuifide bond in cystamine may be cleaved and reformed to
create an interpenctrating network which is more intimately entangled in the substrate matrix.
{8098} 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 0.5, greater than about 0.75, greater than about 1, greater than about 2, greater than
about S and i some cases greater than about 10, In one embodiment the cross-linking agent is
free of silicone and the RAFT agent to cross-hinking agent in the cross-linking reaction mixture
is greater than about 0.1, In embodiments 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 the molar arnount of cross-linking agent to theoretical primary chains
(“XL:L~-PC”y 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:J-PC being preferred: 0.1:1.0, 0.2:1.0, 80.25:1.0, 0.3:1.0,
0.4:1.0,05:1.0,055:1.0,06:1.0,0.7:1.0,0751.0,08:1.0,09:1.0, 1.0:1.6, 1.2:1.0, 1.25:1.8,
1.5:1.03.0:1.0,5.0:1.0,7.0:1.0, or even 10.0:1.0. In some embodiments 1t may be desirable to
select XL (—PC valucs which provide solubic block copolymers across a wide range of

temperatures and solntion conditions, to allow for ready incorporation into a range of articles and
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solutions. For cxample, block copolymers comprising PDMA (polviV, N-dimethyl acrylamide))
as the hydrophilic scgment and a siliconc segment, may desirably have an XL:(—PC of less than
about 1.25:1 to prevent macroscopic gelling of the polymer. In other embodiments it may be
desirable to sclect XL:C~PC values which provide the desired decrease in lipid uptake of the
ircated substrate, with increasing XL:(—PC values, decreasing the lipid uptake levels.

{60399} Those of skill in the art will appreciate that the number of primary chains
formed in a controlled radical polymerization (CRP) systom is dictated by the concentration of a
controlied radical polymerization {CRY) agent or control agent. In the case of a RAFT
polymerization, the control agent would be a thiocarbonylthio functional control agent. In the
casc of ATRP, the control agent would be a copper ligand complex. For the purposes of the
invention disclosed herein, any CRP agent can be employed. In other embodiments, a CRP agent
may not be required, so long as nanogel formation 18 possible, without macroscopic gellation.
{60100} In some embodiments of this invention, it may be desirable to change the
number of associative chains per C-cluster, or average number of associative segments [A] per
hydrophilic segment {(J], i.c. the [AL]Q] ratio, to improve the solubility of the resulting cross-
linked, ungelled, amphiphilic copolymer. This can be accomplished by using two CRP agents
{i.c. an [A} segment comprising at least one CRP agent (JA]-CRP) and CRP agent that does not
contain an associative [A] scgment} in the same polymerization to form the cross-linked ungelled
associative block-copolymer. In onc embodiment where RAFT polymerization is emploved,
Formula Ul and a silicone-free structural analogue (i.c. a CRP agent with no associative segment)
are used together in the same polymerization, at a desired ratio, to yield a cross-linked, but
ungelied araphiphilic copolymer with a reduced amount of silicone [A] segments per {-cluster or
sificone [A] segments per hvdrophilic Q] segments. Formula X below detatls the structures for
the RAFT-based CRP agents that might be used in such an embodiment to control the number of

associative silicone [A] scgments in cach {-cluster,
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Rl
Formula XA
Oty
R !
Formula XB
1080101} To reduce the number of silicone [A] segments per hydrophilic [Q] secgment fora

given cmbodiment and thereby decrease the number of silicones per {-cluster to a desirable
level, Formuia XA and XB may be employed together in the formation of the final cross-linked,
ungelied, block copolymers. It will be apparent to those skilled in the art that this results in the
formation of {-clusters that contain both primary chains with substrate associative segments and
primary chains without substrate associative segments. Taking into account the molar amounts
of Formula XA and XB allows for the development of a theoretical term to quantify the number
of substrate associative segments per hydrophilic [(Q] segment, namely, the associative [A]
segment to hydrophilic {Q] segment ([AL{Q]) ratio. For embodiments where it is desirable to
alter the [A:[Q] ratio, target values in the range of ¢.001:1 to 10:1 may be emploved, with
ranges of §.01:1,0.2:1, 0.25:1,0.3:1, 0.4:1,0.5:1,8.55:1, 0.6:1, 0.7:1, 0.75:1, §.8:1, 8.9:1 and
even 0.99:1 being employed for embodiments where the amount of substrate associative [A]
segments per hydrophilic [(Q]-segment is to be reduced to below unity. For example, in
embodiments where the substrate associative [A] segment is a silicone, the amount of substrate
associative silicone [Al-segments per hydrophilic [(3] segment is to be increased to above unity
and ranges of 1.1:1, 1.5:1, 2.0:1.0, 3.6:1.0 or even 10.0:1.0 can be used; however, this would
require a different silicone-functional RAFT agent than that proposed in Formula XA ic. a
RAFT agent with nultiple silicones would be required to exceed a [A][Q] ratio of 1.0. It should
be apparent for those skilled in the art that a [AL[Q] ratio of 1.0:1.0 can be reached using
Formula XA above in the absence of Formula XB.

{00102} In onc embodiment the hydrophilic [Q] scgment may be formed from known
hydrophilic monomers. Hydrophilic monomers arc those which vield a clcar single phase when
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mixed with water at 25°C at a concentration of 10 wt%. Examples of suitable families of
hydrophilic monomers include vinyl amides, vinylimides, vinyl lactams, hydrophilic
{methlacrylates, (meth)acrylamides, styrenics, vinyl ethers, vinyl carbonates, vinyl carbamates,
vinyl urcas and mixturcs thercof,

180103] Examples of snitable hydrophilic monomers inclhude N-vinyl pyrrolidone, N-
vinyl-2- piperidone, N-vinyi-2-caprolactam, N-vinyl-3-methyl-2- caprolactam, N-vinyl-3-methyl-
2-piperidone, N-vinyl-4-methyl-2- piperidone, N-vinyl-4-methyl-2-caprolactam, N-vinyl-3-cthyl-
2- pyrrolidone, N-vinyl-4,5-dimethyl-2-pyrrolidone, vinylimidazole, N-N-dimethylacrylamide,
acrylamide, N N-bis(Z-hydroxyethylacrylamide, acrylonitrile, N-isopropyl acrylamide, vinyl
acetate, {(methyacrylic acid, polyethylene glycol (methyacrylates, 2-cthyl oxazoline, N-(2-
hydroxypropyl) (methjacrylamide, N-(2-hydroxyethyl) {meth)acrylamide, 2-
methacryloyloxyethyl phosphoryvicholing, 3-{(dimethyl{4-vinylbenzylammoniojpropane-1-
sulfonate (DMVBAPK), 3-((3-acrylamidopropyhidimethylammonio)propane-1-sulfonate
{AMPDAPS), 3-((3-methacrylamidopropylydimnethylammonio)propane-1-sulfonate
{(MAMPDAPS), 3-((3-(acryloyloxy)propyidimethylammmoniojpropane- L-sulfonate (APDAPS),
methacryioyloxyjpropyhdimethylammonio)propane-1-sulfonate (MAPDAPS), N N-
dimethylaminopropyi{methiacrylamide, N-vinyl-N-methylacetamide, N-vinvlacetamide, N-vinyl-
N-methylpropionamide, N-vinvl-N-methyl-2-methvipropionamide, N-vinyl-2-
methylpropionamide, N-vinyl-N NV -dimethylurea, and the hike, and mixtures thereof. Inone
embodiment the hydrophilic monomer comprises N-vinyl pyrrolidone, N-vinyl-N-
methylacetamide, 2-methacrylovioxyethyl phosphoryichohine, (methyacryvlic acid, N N-
dimethytacrylamide, N-hydroxypropyl methacrylamide, mono-glycerol methacrylate, 2-
hydroxyethyl acrylamide, bishydroxyethyl acryviamide, and 2,3-dihydroxypropyl
{meth}acrylamide and the fike and mixtures thereof. In some embodiments the hydrophilic
segment may also comprise charged monomers including but not limited to methacrylic acid,
acrylic acid, 3-acrylamidopropionic acid (ACAL), 4-acrylamidobutanoic acid, 5-
acrylamidopentanocic acid {ACA2), 3-acrylamido-3-methylbutanoic acid (AMBA}, N-
vinyloxyecarbonyl-a-alanine, N-vinyloxyecarbonyl-f-alanine (VINAL}, 2-vinyl-4 4-dimethyl-2-
oxazolin-3-one (VDMQO), reactive sulfonate salts, including, sodium-2-{acrylamido}-2-
methylpropance sulphonate (AMPS), 3-sulphopropyl (meth)acrylate potassium salt, 3-

sulphopropyl (meth)acrylate sodiom salt, bis 3- sulphopropyl itaconate di sodium, bis 3-
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sulphopropyl itaconate di potassium, vinyl sulphonate sodinm salt, vinyl suiphonate salt, styrene
sulfonate, sulfocthyl methacrylate, combinations thereof and the bike. In embodiments where the
hydrophilic segment comprises at least one charged hydrophilic monomer it may be desirable to
include non-charged hydrophilic monomers as comonomers in the hydrophilic segment. In
another embodiment the charged hydrophilic monomer is randomly distributed throughout the
[(2] segment.

100104} The degree of polymerization (DP) ratio of hydrophilic scgments to lincar
substrate associative segments is between about 1:1 and about 1000:1, in other embodiments,
with ratios between about 3:1 and about 200: 1, between about 10:1 and about 100:1, and in other
embodiments, between about 10:1 and 50: 1.

{00105} The block copolymers may be formed via a number of polymerization processes.
In one embaodiment the block copolymers are formed using RAFT polymerization. In other
erobodiments the block copolymers are formed using ATRP. While in another embodiment, the
block copolymers are formed using TERP. Still yet, in some embodiments the block copolymers

are formed using any known controlled radical polymerization mechanism.  In another

embodiment the block copolymers are formed by conventional free radical polymerization.
{60106} In one embodiment, that can be referred to as 8 hydrophilic-bydrophilic block co-

polymer or even as a biomimetic hydrophilic-hydrophilic block copolymer, a hydrophilic-
hydrophilic block copolymer contains one hydrophilic block that has no affinity for the lens (i.c.
a "non~-associative” [Q] segment) and another hydrophilic block that has a high affinity (1.¢. an
"associative” [A] segment) for chemical moicties found on the surface and/or within the bulk of
the fens. In one embodiment of the invention, the cross-linking of said block copolymers to cach
other occurs along the backbone of the non-associative hydrophilic blocks, feaving the
associative hydrophilic scgments available for attachment to the surface of an article or device.
Exemplary embodiments of such associative hydrophilic-hydrophilic block copolymers could
include, poly{4-acrylamidobutanoic acid-block-N, N-dimethylacryiamide} (polv{ACAH-b-
DMAY), poly{{3-acrylamidophenyiiboronic acid-block-N, N-dimethylacryiamide) (polv{APBA-b-
DMA}}, and poly{(3-((3-methacrylamidopropyljdimethylammonio}propanc-1 -sulfonate-block-/N-
{2-hydroxypropylimethacrylamide) (poly(MAMPDAPS-b-HPMAY}), and poly(3-((3-
acrylamidopropyhidimethylammonio)propanc- L -sulfonate-block-N N-dimcthylacryiamide)

{(poly( AMPDAPS-b-DMA)}). Embodiments can be used to treat conventional or silicone
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hydrogel materials, provided the affinity of the associative blocks is tatlored to the surface of the
iens or device being treated. The non-associative hydrophilic block copolymers with appropriate
functionality and architecture can closely mimic the behavior of bound mucins found on corngal
cpithelial surfaces and could be very uscful in modifying the surface of a contact lens medical
device to improve its lubricity, deposit uptake, and possibly comfort. Without mntending to be
bound by theory, it is speculated that the cross-linked nature of the non-associative hydrophilic
segments could closely mimic the mucin-mucin interactions that occur through disulfide cross-

finking, H-bonding, and molecular entanglement.

Polysiloxane RAFT Agent

{83107} The polysiloxane RAFT agents of Formula Il may be formed by reacting at least
onc reactive silicone with at least one reactive group on an orthogonally reactive compound. Ina
subsequent or concurrent reaction, a reactive, thiocarbonylthio nucleophile is reacted with at
icast one other reactive group on the orthogonally reactive compound. Orthogonally reactive
compounds comprise at least two reactive groups having different reactivitics or reaction
mechanisms such that reaction at onc group can procecd to completion or near completion
without reaction of at least onc of the other reactive groups. Orthogonally reactive compounds
have the structure:

RG'-Re-RG”
{83108} wherein Ry is a free radical leaving group as defined above, and RG' and RG are
independently selected from paired orthogonally reactive groups such as, but not limited to, acid
halides and alky! halides, activated csters and alkyl halides, alkyl halides and unsaturated double-
bonds, and mixturcs thercof and the like. Examples of alkyl halides include €y bromides, Ciap
chlorides and Cy.p9 10dides, and more specifically methyl bromide, cthyl bromide, methyl
chloride, cthyl chloride, methyl iodide, ethyl iodide, benzyl bromide, benzyl chloride, or benzyl
iodide.
[60109] Examples of acid halides include acetyl chloride, acetyl bromide, acetyl iodide,
benzyl chioride, benzyl bromide, benzyl iodide, propionyl chloride, propiony! bromide, and
propionyl iodide. Examples of unsaturated double-bonds include vinylic and allylic-double

bonds. Examples of activated esters include N-hydroxysuccinimudyl-, parg-nitrophenolic-~, and
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perfluorinated phenolic carbonyl esters. Specific examples of orthogonally reactive compounds
include, but arc not limited to, the following: para-chloromethylstyrene, 4-
{(bromomethylybenzoyl bromide (4-BBB), 2-bromopropanoy! bromide, and 2-bromoaccetyl
bromide, and combinations thereof and the like. Other combinations will be apparent to those of
skill in the art.

{00110} Suitable thiocarbonylthio moictics can include xanthate csters, dithioesters,
dithiocarbamates, trithiocarbonates, and the like. Specific and preferred thiocarbonylthio
functional groups arc shown below in the following structures:

S \

\x\/@\ s

Oy

\/H\

C G
\\ / M / \ 5 PNy
Rl Y qu
Rig
{88111} where w is an integer from [-12, Ry, Ryy, and Ry, can be any optionally

substituted alkyl or aryl group, and in some emboduments an alkyl or aryl optionally substituted
with an amino group. In one ernbodiments, Ryp 18 C;-Cs alkyl (with C; being most preferred)
and R;; is a phenyl group, or a heterocychic group. To other embodiments, Ryp is a Crg alkyl and
Ry1 is a carbon-linked aromatic heterocvele (e.g. 4-pyridinyl). In other embodiments, Rpp s a
phenyl or benzyl, with phenyl being preferred.

1080112} In one embodiment, the polymerization agent is at least one thiocarbonylthio-
containing compound, and in onc embodiment, at least one xanthate. In another embodiment,
the thiscarbonylthio-containing compound is a dithiocarbamate. In another embodiment, at least
one trithiocarbonate is employed. Yet, in another embodiment, a dithioester is employed.
{60113} Examples of suitable reactive thiocarbonylthio nucleophiles include, but are not
limited to C-alkyl-xanthogenate salts, N-alkyl-carbamodithioate salts, S-alkyi-trithiocarbonate

salts, N-alkyl-carbamodithioate salts, and phenyl, benzyl, or alkyl dithioate salts. Preferred
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thiocarbonyithio nucleophiles include O-alkyl-xanthogenate salts and S-alkyi-trithiocarbonate
salts. Specific examples include Group [ and I Alkali Metal salts of dipotassium
trithiocarbonate, O-cthyl carbonodithioate, O-propyl carbonodithicate, O-butyl carbonodithioate,
O-pentyl carbonodithioate, O-hexyl carbonodithioate, O-decyl carbonodithioate, O-dodecyl
carbonodithicate, O-(2,3-dihydroxypropyl) carbonodithioate, ethyl carbonotrithioate, propyl
carbonotrithioate, butyl carbonotrithicate, pentyl carbonotrithioate, hexyl carbonotrithioate,
decyl carbonotrithiocate, dodecyl carbonotrithioate, 2,3-dithydroxypropyl carbonotrithioate,
methyl{phenyljcarbamodithicate, methyl{pyridin-4-yljcarbamodithioate, henzodithioate, and 2-
phenylcthancdithioate.

100114} The reaction of the orthogonally reactive corapound and the thiocarbonylthio
nucelophile form a chain transfer agent which is bound to the substrate associative [A] segment.
For tllustrative purposes, the invention will be described using the reactive, linear polysiloxane
for the substrate associative [A] segment. The order of these reactions 1s not always critical and
the components may be reacted in the order described above, together in one pot, or the
thiocarbonyithio nucleophile and the orthogonal reactive component may be pre-reacted to form
a chain transfor agent which may then be reacted with the reactive, lincar polysiloxane.

{60115 When Ry is monovalent, the reactive linear polysiloxane is terminated on one end
by R; (as defined above) and on the other by a group capable of reacting with at least one of the
orthogonally reactive groups RG' and RG. For example when at least one of RG' or RGY is a
vinyl, the polysiloxane reactive group may be a silane. In another example where at least one
RG! or RGY is an activated ester, the polysiloxane reactive group may be a nucleophilic moiety
such as a primary alcohol or amine, which may be selected from aminopropyl or hydroxypropyl.
The polysiloxane may be selected from C4-Cy polyalkyl and polyaryl siloxancs. Examples of
suitable polysiloxanes include polydimethyisiloxane, polydicthyisiloxane, polydiphenyisiloxancs
and copolymers thoreof. The reactive lincar polysiloxane may be sclected from compounds of

the formula;

Formula X1
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1831 16} Wherein Ry through R are defined as above, and n is about 6-about 200,
about 6-about 60, about 6-about 50, about &-about 20, about 6-about 15, about 6-about 12 and in
some embodiments about 10-about 12 siloxane repeating units. For example, it will be
appreciated that in some embodiments # may represent a range. For example reactive Hincar
polysiloxanc where » is 10 may contain polysiloxancs, and in some embaodiments polydialkyl
siloxanes, and in another cmbodiment, polydimethylsiloxanes having repeating units ranging
from § to 12, centered around 10, In some embodiments Ry is a Cy4 alkyl group and R, through
Rs are methyl. In another embodiment R; is selected from methyl, cthyl, propyl, or butyl.
{86117} o is ndependently selected from H, unsubstitated Cy ) alkyl, €y alkyl
substituted with hydroxyl, amino and the like, and in some embodiments, @ is selected from
unsubstituted Cr4 alkyl, Cy s alkyl substituted with hydroxyl, amino and the like and
combinations thereof.

196118} Specitfic examples of reactive lincar polysiloxanes inchude

Si S:m -

Hy “%Cii

Hsov{cmi{-siig} \\//\/
Hﬁ—éCH,%SEi:\/ ;/iE\WOH
¢ O

{60119} In onec embodiment g is 0 to 9, 0 to 5, and in some embodiments (- 3, and in some
emabodiments ¢ or 3.

{00126} When the polysiloxane-functional RAFT agent is prepared via esterification or
amidation with an orthogonally reactive compound containing both an acid halide and an alkyl
halide {(c.g. 4-BBB), the reaction may be conducted in the presence of at least one acid

scavenger. This 18 depicted in Reaction Scheme 1, below. Acid scavengers include carbonate
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salts, such as Na,CO; or Li,CO;3, tortiary amines, such as triethylamine (TEA), or a non-
nucleophilic hindered secondary amine, such as 2.2,6, 6-tetramethylpiperidine (TMP}. To
prevent uncontrolied scrambling of the polysiloxanc during the reaction, TMP is preferred over

carbonate salts. Also, in some embodiments, TMP is preferred over TEA due to s low

[

reactivity with alkyl halides and acid halides. Sterically-hindered tertiary amines, such as cthyl-
di2-methylpropyllamine, may also be used, so long as their reactivity with alkyl and acid
halides is very low.
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Discrete Pentadimethylsiloxy-RAFT Agent Serambled Pentadimethyisifoxy-RAFPT Agent

10 Reaction Scheme |

100121} When the polysiloxane-functional RAFT agent is prepared via hydrosilylation
chemistry with an orthogonally reactive compound containing a rcactive double bond and an
alkyl halide {¢.g. 1-(chloromethyl}-4-vinylbenzene), the reaction is conducted in the presence of

a Pt catalyst, such as Karstedt’s Catalyst. This reaction pathway, shown below in Reaction

J—
[

Scheme 11, is preferred to osterification or amidiation, duc to the fact that the number of required
reaction steps is lower and the scrambling of the polysiloxane is mitigated. Furthermore, the

final product of this reaction pathway vields a more hydrolytically stable linkage (G.e. X)) between
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R and the polydialkvisiloxane chain. In the final RAFT polymer, this viclds a pure carbon-

containing divalent linkage between the polydialkyisiloxane segment and the polymer.
E,/ /
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Reaction Scheme I
{00122} The number of polydialkyisiloxane groups and thiocarbonylthio-moictics that are

reacted with the orthogonally-reactive compound depends upon the nature of the reactive
siticone, the nature and number of the specific functional groups on the orthogonally-reactive
component, and the reactive nature of the thiocarbonylthio nuclcophile used to form the final
compound of interest, namcely the polydialkylsiloxane-functional RAFT agent. For example, ifa
hydroxypropyl-terminal n-butylpolydimethylsiloxanc is reacted with 4-{bromomecthyl}benzoyi
broride (4-BBB) in the presence of TMP {sec Reaction Scheme T, one skilled in the art would
expect to observe ester formation between the hydroxypropyl-terminal n-butyl
polvdimethylsiloxane and the acid bromide of 4-BBB. One would not expect a thiocarbonyithio
nucleophilic salt to react with the acid chloride on 4-BBR; but instead, displacement of the acid
bromide on the 4-BBB by said thiocarbonylthio nucleophilic salt would be anticipated. If an
orthogonally-reactive compound containing one acid halide and two alkyl halides was emploved

instead of 4-BBB, ¢.g. 3,5-bis(bromomethylibenzoyl bromide, one would expect to obtain a
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polvdialkyisiloxane-finctional RAFT agent containing two separate, but covalently attached,
thiocarbonyithio moicties. When polymerized in the presence of a hydrophilic monomer, this
specific polysiloxane-functional RAFT agent would vield a polymeric structure containing a
single polysitoxane scgment at one end of the chain and two hydrophilic scgments at the
opposite end. Analogous synthetic pathways that employ above-mentioned hydrosilylation
chemistry and lead to structures with two or more hydrophilic segments and one lincar silicone
segment, or structures with two or more linear silicone segments and one hydrophilic segment
would be understood by those skilled in the art to be suitable.

100123} The reaction may be conducted at teraperatures ranging from §° C to about 100°
C. In one crobodiment the reaction is conducted at about ambient temperature. The reaction
may be conducted for times from about | mun to about 24 hours, and 1o some embodiments from
about 1 hour to about 3 hours. The product of the reaction is a polysiloxane RAFT agent or
stlicone-functional [A]-CRP agent.

100134} The reaction may be conducted neat or in at least one polar aprotic solvent which
is capable of dissolving the functional polysiloxane, thiocarbonyl compound and the
orthogonally reactive compound and the intermediates formed by their reaction. Suitable
sobvents include acetonitrile, acetone, DMF, NMP and combinations thereot and the like,
[B3125] In one embodiment the polydimethylsiloxane RAFT agent is contacted with an
appropriately selected monomer, a free radical inttiating species (1.e. a free radical initiator such
as CGI-818 or AIBN}, and optionally, a solvent that is capable of solvating all reactants and
products used in and resulting from the reaction, respectively. Reaction times for this step are
from about | minute to about 12 hours and in some embodiments from about 1 to about 6 hours.

Reaction temperatures inchude those between about 87 C and about 150° C.
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Polymerization Conditions

1661 26] The number average molecular weight of each (-primary chain, My, .., ina given
polymerization produced from contacting a polysiloxane-functional RAFT agent or associative
[AJ-CRP agent, and a non-silicone-functional RAFT agent {(when required), with at least one
hydrophilic monomer, free radical initiator, and cross-linking agent can be targeted using the

following equation:

i =M +A
' [" PO M s ' f” AL & ¢
where
i3 X7 X .
J‘&jr =T - ‘/I} e X A{Mr[;rnmmw M MxL = e [ ] T IR 45%“
ar I\[CT‘/]‘Siiicone ] + !,C"/A‘S'td E}I ) “ ({(’ l"'ZiSiz’i('o'w] + {CIAS:Q' ) W o
CTA,,. CT4,, -
o [ E e M, p— L ] - MW,
([CT4,,,. 1+{CTA 1 (CT4 G 1 HECT 4, 1 .
1841271 May» Moy, » &, and ¢ represent the individual contributions of molecular

weight for the monomer, cross-linker, silicone-functional RAFT agent, and non-silicone-
functional RAFT agent that {(when summed) arc equal to the mumber average molecular weight
of a {-primary chain, 1.c. My,

_pe+ W 18 the number of reactive functional groups on the

(2]

rosslinker, {M] is the reactive monomer concentration, [ XL} is the cross-linker concentration, X
is the extent of conversion in fractional form, [CT Asiticone] 18 the concentration of silicone-
functional RAFT agent, [CTAgw] 15 the concentration of non-silicone RAFT agent, if used, and

I\"qwmonomer, TV{V\/T}{Lg MWer

TAciicons? and MW CThgy e the molecnlar weights of reactive
monomer, cross-linker, silicone-functional RAFT agent, and non-silicone RAFT agent,
respectively.

{60128} Rearrangement of the equation gives the predicted degree of polymerization
{DP) for the hydrophilic polymer segment, DPoscoment, 8t 2 given monomer conversion. If X is
and MWt

unity {i.e. the polymerization reaches 100 % conversion), and MWy, are

Siticone Asyg

neglected in the calenlation because they are not part of the Q-segment, the equation reduces o

an expression that predicts the target number average DP for the hvdrophilic Q-segment, DPP_Q_
within a single C-primary chain that would be obtained for a given polymerization that

Segment’

reaches 100 % conversion:
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M, =M, +M,

O--Segment M XL

Solving for sives:
Solving for DPHQ’ Sogment £1VES:

DP M, M P DF,
DP. iy AORLL S ) J LA S
#-segment A’ [ M/A{ A{ }'/f/ . 293 1/ 7
iy
P (] (X7 1

e ({CTASZ'HCOﬂE} + {CTA‘S’M }> (.[CTAS[/fCOT!E} + {Cr4szd \; y‘i
Equation 2.

{60129} 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, M,_ .. and the number

PO
average degree of polymerization of the hydrophilic {(3] segment, namely, DPEQ_Segmm, it does
not predict the total BP or overall average molecular weight of the {-cluster, which is formed
due to the participation of the cross-linker in the RAFT polymerization and the fact that £-
primary chains become randomly cross-tinked to cach other and to other growing {-clusters..
The MW of a given {-cluster is much higher than that of an individual {-primary chain found
within that (-cluster and may or may not be an exact multiple of the average Mﬂ«;m: for a given
polymerization.

{60136 One target DP is in the range of about 10 to 10,000, with 50 to 1500

RQ-Segment
being preferred, 50 to 1000 being preferred, and 50-500 being most preferred.

{80131} Polymerization conditions for the polymerization of the hydrophilic monomer in
the presence of the appropriate polydialkyisiloxane RAFT agent and cross-linking agent to form
the block copolymer are selected based upon the initiator system used and to provide the desired
balance between chain growth and termination. Other polymerization components, such as
solvents, initiator and additives may also be sclected such that they have a low transfer constant
toward the propagating radical. and are fully miscible with all other polymerization components
{80132} 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
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reactive groups on the cross-finker may be selected such that incorporation into the propagating
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 employved in
the formation of a nanogel with an acrylamido, mouno-vinyl monomer. For some cmbodiments
that exploit CRP, this would result in a “tapered” incorporation of the cross-linker into the Q-
segment backbone, i.e. onc end of each Q-segment would be richer in divinyl monomer than the
other. Alternatively, for embodiments where a random distribution of the cross-linker throughout
the (O segment 18 desired, the cross-linker may be selected so that both of iis reactive sites have
stmilar reactivities {or identical functional groups) to that of the propogating monoe-vinyl
monomer. In some embodiments, cross-linkers containing functional groups with different
reactivitics, ¢.g. 2-{acrylovioxylethyl methacrylate or N-(Z-acrylamidocthymethacrylamide,
may be employed. Those skilled in the art would expect such structures to also incorporate
across cach (J-segment in a less-random fashion to that of an analogous systern which contains
matched reactivities for all reactive functional groups.

{60133} In embodiments where the block copolymer i3 made via RAFT, the initiating
system is chosen such that under the reaction conditions there is no substantial adverse
interaction of the initiator or the initiating radicals with the transfer agent. The initiator should
also have the requisite solubility in the reaction medium or monomer mixture. The initiator is
selected based upon the hydrophilic monomer selected. For example, where free radical reactive
hydrophilic monomers are used, the initiator may be any initiator capable of providing a radical
source, stch as photoinitiators, thermal initiators, redox initiators and gamma initiators. Suitable
photoinitiators include the UV and visible photoinitiators deseribed 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{isobutyronitrife}, 2,27~
azobis(Z-cyano-2-butane), dimethyi 2,2 -azobisdimethylisobutyrate 4,4 -azobis{4-
cyanopentanoic acid), 1,17-azobis{(cyclohexanecarbonitrile, 2-{t-butylazo}-2-cyanopropane, 2,2°-
azobis[2-methyl-N-(1, 1}-bisthydroxymethyl}-2-hydroxyethyl] propionamide, 2,2 -azobis[2-
methyl-N-hydroxycthyl}]-propionamide, 2.2’ -azobis{N, N -dimcthyiencisobutyramiding)

dihydrochloride, 2,2°-azobis (2-amidinopropane)dibydrochloride, 2,27 -azobis{ N N -
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dimcthyieneisobutyraming), 2,27 -azobis{(Z-methyl-N-{ 1, 1-bisthydroxymethyl)-2-hydroxyethyi]
propionamide}, 2,2 -azobis{2-methyl-N-{ 1, 1-bis(hydroxymethylethyi] propionamide), 2,27~
azobis{2-methyl-N-(2-hydroxyethyl) propionamide], 2,2 -azobis(isobutyramideydihydrate, 2,2°-
azobis(2,2,4-trimethylpentance), 2,2’ -azobis{2-methylpropance}, t-butyl peroxyvacctate, t-butyl
peroxybenzoate, t-butyl peroxyoctoate, t-butyl peroxyneodecanoate, t-butviperoxy isobutyraate,
t-amy! peroxypivalate, t-butyl peroxypivalate, di-isopropyl peroxydicarbonate, dicyclohexyl
peroxydicarbonate, dicumyl peroxide, dibenzovl peroxide, dilauroyl peroxide, potassium
peroxydisulfate, ammonium peroxydisulfate, di-t-butyl hyponitrite, dicomy! hyponitrite. In one
embodiment, the thermal initiator is sclected from initiators that generate free radicals at
moderately elevated temperatures, such as lauryl peroxide, benzoyl peroxide, isopropyl

percarbonate, azobisisobutyronitrile combinations thereof, and the Tike.

180134} Examples of redox mitiators include combimations of the following oxidants and
reductants:

{00135} oxidants: potassium peroxydisalfate, hydrogen peroxide, t-butyl hydroperoxide.
{60136} reductants: iron (1), titaniurn (1), potassiom thiosulfite, potassiurn bisulfate.
{60137} In one embodiment, the initiator is selected from photoinitiators which have the

requisite solubility in the reaction meditim or monomer mixture and have an appropriate
quantum vield for radical production under the conditions of the polymerization. Examples
include benzoin derivatives, benzophenone, acyi phosphine oxides, and photo-redox systems. In
another embodiment the initiator is selected from visible inttiators selected from 1-
hydroxyeyclohexyl phenyl ketone, 2-hydroxy-2-methyl-1-phenyl-propan-1-one, bis{2,6-
dimethoxybenzoyl}-2,4-4-trimethyipentyl phosphine oxide (DMBAPQO), bis{2,4,6-
trimethylbenzoyl)-pheny! phosphincoxide (Irgacure 8193, 2.4,6-trimethyibenzyldiphenyl
phosphine oxide and 2.4 6-trimethylbenzoyl diphenyiphosphine oxide, benzoin methyl ester and
a combination of camphorquinone and ethyl 4-{IN,N-dimcthylamino}benzoate, combinations
thereof and the like. In another embodiment the initiator comprises at least once phosphine oxide
containing photoinitiator, and in another embodiment, bis{2,4,6-trimethylbenzoyl}-phenyl
phosphineoxide. When a photoinitiator is used, the reaction mixture is irradiated using radiation
in the activating wavelength for the selected photoinitiator,

[80138] The polymerization may be conducted in solution, suspension or enulsion, under

batch, continuous or feed mode. In one embodiment the process is conducted by adding
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polymerization agent to the reaction mixture containing the polysiloxane terminated chain

transfer agent. Other conditions may be used and are known in the art,

Biock Copolymer

160139} The block copolymers provided herein may be purified via known means such as
solvent precipitation and/or subsequent solvent extractions or by dialysis or related purification
technigues such as, but not limited to tangential flow filtration (TFF).

{60146} The block copolymers provided herein have at least one terminal substrate
associative chain and, in some embodiments where RAFT polymerization is used and where the
RAFT agent is not removed prior to use, a RAFT polymerization agent at the torminal end.
{80141} Frequently the RAFT polymerization agents are not thermally or hydrolytically
stable, and thus it is a benefit of embodiments of the present invention that the RAFT
polymerization agents are at the terminal end as they may be readily cleaved or replaced prior to
incorporation into the polymer substrates. Prior to their end-use, the block copolymers may be
isolated and emploved in a subsequent “chain-extonsion” polymerization with an additional
suitablc monomer. Alternatively, the RAFT polymerization agent may be left on the block
copolymer and cither cleaved during incorporation into the polymer substrate or during use (if
the RAFT and/or its degradants arc non-toxic, non-irritating). In onc embodiment the RAFT
polymerization agent 1s removed prior to incorporating the block copolymers 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, USTROTTSS, US2007232783, USZ010137548, US5385996, and USS874511. Other
end-group removal techniques, such as thermolysis or radical reduction, may be eroploved in
some embodiments as well,

[60142] In one embodiment, the block copolymers have the structare represented in
Formula I, above.

In another embaodirent, the block copolvmers may be formed using conventional free radical
reactions. In this embodiment the block copolymers may be formed by the free radical reaction
of at least one hydrophilic monomer and an azo-type macro nitiator with a hydrophobic segment
having a molecular weight between about 300 and about 1800 via processes disclosed in

US2010/0099829 and co-filed application USSN 61/482,26(.
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Hydrophobic or Partially Hydrophobic Substrates

{60143} The block copolymers disclosed herein may be non-covalently associated with a
variety of hydrophobic, partially hydrophobic, hydrophilic, or amphiphilic substrates, such as
polymeric articles formed from polysifoxanes, silicone hydrogels, conventional hydrogels,
polvmethyl methacrylate, polyethyiene, polvpropylene, polycarbonate, polycthyiene terapthalate,
polytetratluorocthylene, 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 [A] block of the block copolymer and those found on our within a given substrate.
Examples of substrates which may be treated to associate the block copolymers of the present
invention therewith inchude polymers and metals used for implantable devices, sutures, graft
substrates, punctal plugs, catheters, stents, wound dressings, surgical instruments, ophthalmic
devices and the like.

100144} Additional examples of at lcast partially hydrophobic polymer matrices inchude
highly crosslinked ultra high molecular weight polycthylene (UHMWRPE), which is used for
iaplantable devices, such as joint replacements, are made typically has a molecular weight of at
teast about 400,000, and 1 some embodiments from about 1,800,000 to about 10,000,000 as
defined by a melt index {ASTM D-1238) of essentially 0 and reduced specific gravity of greater
than 8 and in some ermbodiments between about 25 and 30,

[00145] Ahsorbable polyroers suitable for use as varns in making sutures and wound
dressings include but are vot limited to aliphatic polyesters which include but are not Himited to
homopolyroers and copolymers of lactide (which includes lactic acid d-,1-and meso lactide),
glveolide (including glveolic acid), e-caprolactone, p~-dioxanone {1,4-dioxan-2-one),
trimethylene carbonate (1,3-dioxan-2-one), alkvl derivatives of trimethylene carbonate, o-
vaterolactone, B-butyrolactone, y-butyrolactone, e-decalactone, hvdroxybutyrate,
hydroxyvalerate, 1,4~-dioxepan-2-one (including its dimer 1,5,8,12-tetraoxacyclotetradecane-
7,14~dione}, 1,5-dioxepan-2-one, 6,6~dimethyi-1,4-dioxan-2-one and polymer blends thereof.
{60146} Non-absorbable polymer materials such as but are not limited to, polyamides
{polvhexamethylene adipamide (nylon 66}, polyhexamethylence sebacamide {nylon 610},
polycapramide (nylon 8), polydodecanamide (nylon 12) and polyhexamethyviene isophthalamide

(nylon 61} copolymers and blends thereof), polyesters {¢.g. polyethylene terephthalate, polybutyl
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tercphthalate, copolymers and blends thercof, flucropolymers {¢.g. polytetratluorocthylene and
polyvinylidene fluoride) polyolefins (e.g. polypropylene including isotactic and syndiotactic
polypropylenc and blends thereof, as well as, blends composed predominately of isotactic or
syndiotactic polypropylene blended with heterotactic polypropylenc {such as arc described in
U.S. Patent 4,557,264 issued Decomber 10, 1985 assigned to Ethicon, Inc. hereby tncorporated
by refercnce) and polycthylene (such as is desceribed in ULS. Patent 4,557,264 issued December
10, 1985 assigned to Ethicon, Inc. and combinations thereof.

160147} The body of the punctal plugs may be made of any suitable biocompatible
polymer including, without limitation, silicone, silicone blends, silicone co-polymers, such as,
for example, hydrophilic monomers of pHEMA (polvhvdroxycthlymethacrylate), polyvethylene
glycol, polyvinylpyrrolidone, and glycerol. Other suitable biocompatible materials include, for
example fluorimated polymers, such as, for example, poelytetrafluoroethylene ("PTFE”),
polyvinylidene Huoride (“PVDF”), and teflon; polypropylene; polyethyiene; nylon; and ethylene
vinyl alcohol (“"EVA”}.

{00148} Polymeric parts of ultrasonic surgical instraments may be made from polyimides,
flyora cthylene propene (FEP Teflon), PTFE Teflon, silicone rubber, EPDM rubber, any of
which may be filled with materials such as Teflon or graphite or unfilled. Examples are
disclosed in US20050192610 and US 6458142, For these embodiments, the block copolymer
may be mixed with a solvent that swells the at least partially hydrophobic polymer matrix and
then contacted with the polymer matrix.

{60149} In one embodiment, the block copolymers are associated with preformed articles
including silicone ophthalmic devices such as lenses or punctual plags, silicone hydrogel articles,
such as silicone hydrogel lenses. In this embodiment it is believed that the terminal polysiloxane
associates with the substrate which comprises hydrophobic polymer components. i this
embodiment, the block copolymer is dissolved in a solvent which also swells the substrate. The
polymer substrate is contacted with a solution comprising the block copolymer. When the
substrate is a silicone hydrogel article, such as a contact lens, suitable solvents inclade packing
solution, storing solution and cleaning solutions. Using this embodiment as an example, the
sthicone hydrogel iens 1s placed in a packing solution comprising the block copolymer. The

block copolymer is present in the solution in amounts between about 0.001 and about 10%, in
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some embodiments between about 0.005 and about 2% and in other embodiments between about
(.01 and about .5 weight %, based upon all components in the solution.

100150} The packing solutions may be any water-based solution that is used for the
storage of contact lenses. Typical solutions include, without limitation, saline sohutions, other
buftered solutions, and deionized water. The preferred agucous solution is saline solution
containing salts including, without limitation, sodiam chloride, sodium borate, sodium
phosphate, sodium hydrogenphosphate, sodium dihydrogenphosphate, or the corresponding
potassium salts of the same. These ingredients are generally combined to form buffered
solutions that include an acid and its conjugate base, so that addition of acids and bases cause

only a relatively small change in pH. The buffered solutions may additionally include 2-(N-
morpholinoethancsulfonic acid {MES), sodium hydroxide, 2,2-bisthydroxyrethyl)-2,27,27-
nitrilotricthancl, n-tristhydroxymethyloethyl-2-aminoethanesuifonic acid, citric acid, sodium
citrate, sodium carbonate, sodium bicarbonate, acetic acid, sodium acetate, ethylenediamineg
tetraacetic acid and the hike and combinations thercof. Preferably, the solution is a borate
buffered or phosphate baffered saline solution. The solutions may alse include known additional
components such as viscosity adjusting agents, antimicrobial agents, wetting agents, anti~stick
agents, preservatives, polyelectrolytes, stabilizers, chelants, antioxidants, combinations thereof
and the hike.

{60151} The block copolymer may also be associated with the lens using organic solvents
(with or without water as a co-solvent}. In one embodiment, an organie solvent is used to both
swell the medical device, ¢.g. a contact ens medical device, and dissolve the block copolymer 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 embodiment the solvents may also be
biocompatible so as to simplify manufacturing. The substrate is contacted with the block
copolymer under conditions sufficient to incorporate a lubricious and surface-wetting effective
amount of the block copolymer. As uscd hercin, 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 one’s fingers) or when the device is used. Additionally, as used herein, a
surface-wetting effective amount is an amount necessary to impart a level of increased
wettability to the lens, as determined via known contact angle measurement techniques (i.c.

sessiie drop, captive bubble, or dynamic contact angle measurements). It has been found that in
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one embodiment, where the device is a soft contact fens, amounts of block copolymer as little as
50 ppm provide improved lens “feel” and lowered surface contact angles, as measured by sessile
drop. Amounts of block copolymer 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
pronounced improvement in foel. Thus, in this embodiment, the block copolymer may included
in a solation in concentrations up to about 50,000 ppm, in some embodiments between about 10
and 5000 ppm, and in some embodiments between about 10 and about 2000ppm. In one
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 block copolymer which permeates
and becomes cutangled in the lens. Suitable heat treatments, include, but are not limited to
conventional heat sterilization eyeles, which include teroperatures of about 120°C for times of
about 20 minutes and may be conducted in an autoclave. I heat sterilization is not used, the
packaged lens may be separately heat treated. Suitable temperatures for separate heat treatment
include at lcast about 40°C, and preferably between about 50°C and the boiling point of the
solution. Suitable heat treatment times include at least about 10 minutes. It will be appreciated
that higher temperatares will require less treatment time.

[B0152] 1t is a benefit of the present invention that the step of associating the semi-
crossiinked block copolymer with the desired substrate may be conducted in a single step
without pretreatment, covalent reaction or tic layers. However, in some embodiments it may be
desircable to contact the substrate/semi-crosslinked block copolymer construct with an additional
polymer or nanogel to form a layered coating. The additional polymer may be lincar, branched
or crosslinked, and may have associating groups located at an end of the polymer, or throughout
the polymer. Each additional polymer compriscs groups which arc capable of associating or
reacting with groups contained in the polymer of the preceding layer. Thus, for substrates which
were initially treated with a semi-crosslinked block copolymer comprising proton donating
groups in the {Q] segment, the addition polymer would comprise, consist or consist essentially of
proton receiving groups. Several alternating layers of WSC and additional polymer may be
applicd. Examples of polymers comprising proton receiving groups include but are not limited
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-methyi-2-piperidone, poly-N-vinyl-4-methyl-2-

iperidone, poly-N-vinyl-d-methyl-2-caprolactam, poly-N-vinyl-3-¢thyl-2- pyrrohidone, and
Py » POL \ \ { oL ; 3 pY
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poly-N-vinyl-4,5-dimethyl-2-pyrrolidone, polyvinvlimidazole, poly-N-N-dimethylacrylamide,
polyvinyl aicohol, polyethylenc-oxide, poly-2-cthyl-oxazoline, heparin polysaccharides,
polysaccharides, mixtures and copolymers {including block or random, branched, muitichain,
comb-shaped or star shaped) thereof, Polymers and copolymers of Poly-N-vinylpyrrolidone
(PVP} and poly-N-N-dimcthylacrylamide may be used.

{80153} The sccond solution may be any of the solutions described above for contacting
the substrates with the semi-crosslinked block copolymer. The at lcast 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 § and in some embodiments at

about 7.
{00154] Many stlicone hydrogel materials are known and may be used, including but not

limited to senofilcon, galyfilcon, lotrafilcon A and lotrafilcon B, delefilcon, balafilcon,
comfilcon, osmofileon, enfilcon, filcon 11, filcon IV and the like. Almost any silicone hydrogel
polymer can be treated using the block copolymers provided herein, inchiding but not limited to
those disclosed in US6,637,929, WOO03/022321, WO03/022322, US5,260,000, USS,034.461,
186,867,245, WO2Z006/061992, US5,760,100, US7,553,880, US20100048847,
US2006/0063852.

{60155 Similar processes may be used for substrates made from polymers other than
sificone hydrogels. The primary change will be in the selection of the solvent, which should
sofubilize the polymer and swell the substrate. Mixgtures of solvents maybe 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 silicone punctal plug, the block copolymer
may be dissolved in a solvent such as aliphatic alcohols, water and mixtures thercof. Specific
examples include isopropanol, n-propanoci and the like, at the concentrations described above.
{83156} In another embodiment, the block copolymer may be included in the reaction
mixture from which the polymeric article is made. In such an embodiment, effective amounts of
block copolymer might include quantitics from about (.1 % to 50 % of the total weight of all
iens components, with quantities 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 block copolymer may be included, in amounts up to about 20 weight%
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in the contact lons reaction mixture with onc or more silicong-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 component
and hydrophilic component, arc not nwtually exclusive, in that, the siliconc-containing
component can be somewhat hydrophilic and the hydrophilic component can comprisc some
silicone, because the silicone-containing component can have hydrophilic groups and the
hydrophilic componcents can have silicone groups.

{00187} One advantage of the block copolymers disclosed herein s in embodiments where
the block copolymer 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 article. For example, in one embodiment where the block copolymer is incorporated
into a low viscosity reactive monomer mux, such as those used to form cast roolded contact
ienses, the MW of the block copolymer may be kept below about 100,000 g/mol. In one
embodiment where controlled polymerization is used, the polydispersity of the C-primary chains
is loss than about 1.3, The (-cluster will have polydispersity values greater than 1.3, Having
lower MW block copolymer allows addition of a higher concentration of the block copolymers
according to e¢mbodiments of the present invention compared to commercially available
polymers, such as PVP. Conventional polymers, such as PVP, have higher polydispersitics,
which can result in extremely viscous monomer mixes that tend to have processing issues due to
stringiness.

{60158} The use of RAFT to prepare the nanogels of the present mvention allows for the
formation of nano-sized gels without the formation of macroscopically gelled polymer. In
addition to this, such nanogels exhibit significantly lowered viscosities, when compared to the
same Hnear polymers with equivalent molecular weighis. As mentioned above, high molecular
weight polymers with lower viscosities can be desirable for a variety of process applications,

39

including minimizing the viscosity and “stringiness” of a given reactive monomer mix
formulation.

{00159} A silicone-containing component is one that contains at least one [-51-0-] group,
in a monomer, macromer or prepolymer. In onc embodiment, the St and attached O are present

in the silicone-containing component in an amount greater than 20 weight percent, and 1o another
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embodiment greater than 30 weight percent of the total molecular weight of the silicone-
containing component.  Useful silicone-containing components comprise polymerizable
functional groups such as (meth)acrylate, {methacrylamide, N-vinyl lactam, N-vinylamide, and
styryl functional groups. Examples of silicone-containing components which are uscfid may be
found in 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, 5,998,495, US2006/0063852 and 5,070,215, and EPOR0GS39. All of the
patents cited hercin are hereby incorporated in their ontircties by reference. These references
disclose many examples of olefinic silicone-containing components.

{00160} Suitable silicone-containing components include compounds of the following
formaula:

R T R’ R’

R Ve S e e St O SR

R R7-b R’
Formula X1
100161} 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 thereof, and monovalent siloxane chains
comprising 1-100 Si-O repeat units which may further comprise functionality sclected from
alkyl, hydroxy, amino, oxa, carboxy, alkyl carboxy, alkoxy, amido, carbamate, halogen or
combinations thereof;

{60162} where b = { to 500, where it is understood that when b is other than 0, b is a
distribution having a mode cqual to a stated value;

{00163} wherein at fcast onc R'comprises a monovalent reactive group, and in some
embodiments between one and 3 R/ comprise monovalent reactive groups.

100164] As used herein “monovalent reactive groups” are groups that can undergo free
radical and/or cationic polymerization. Non-limiting examples of free radical reactive groups
include {meth)acrylates, styryls, vinyls, vinyl ethers, substituted or unsubstituted

Crsalkyl{methyacrvlates, (methjacrylamides, Ciealkvi{methlacrylamudes, N-vinyvilactams, N-
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vinviamides, Cy ppalkenyls, Cy.poalkenyiphenyls, Cy palkenylnaphthyls,
Cosalkenylphenyl(Cy galkyls, O-vinylcarbamates and O-vinylcarbonates. Suitable substituents on
said C1-6 alkyls include cthers, hydroxyls, carboxyls, halogens and combinations thercof. Non-
imiting cxamples of cationic reactive groups include vinyl ethers or epoxide groups and
mixtures thercof. In onc embodiment the free radical reactive groups comprises {methjacrylate,
acryloxy, (methjacrylamide, and mixturcs thercof,

{00165} Suitable monovalent alkyl and arvl groups include unsubstituted monovalent C; to
Cygalkyl groups, Ce-C 4 aryl groups, such as substituted and unsubstituted methyl, cthyl, propyl,
butyl, 2-hvdroxypropyl, propoxypropyl, polyethylencoxypropyl, combinations thereof and the
fike.

{60166} Tn one embodiment Ris selected from  Crsalkyl(methjacrylates, and
Crealloyvl{methlacrylamides, which may be unsubstituted or substituied with hydroxyl, alkylene
ether or a combination thereof. In another embodiment R’ is selected from
propyl{methjacrylates and propyl {(meth)acrylamides, wherein said propyl may be optionally
substituted with hydroxyl, alkylene ether or a combination thereof.

100167} In one embodiment b is zero, one R is a monovalent reactive group, and at least 3
R are selected from monovalent alky! groups having one to 16 carbon atoms, and in another
embodiment from monovalent alkyl groups having one to 6 carbon atoms.  Non-limiting
examples of silicone components of this embodiment inclnde 2-methyi-,2-hydroxy-3-{3-{1,3,3.3-

tetramethyl-1-{(trimethylsilvhoxyidisdoxanyijpropoxylpropyl ester ("SiGMA™},

{60168} 2-hydroxy-3-methacryloxypropyloxypropyi-tris{trimethylsiloxy)silane,
103169 3-methacryloxypropyliris{trimethylsiloxy)sitane {("TRIS"),

{60176} 3-methacryloxypropylbis{trimethyisiloxy)methylsilane and

180171} 3-methacryloxypropylpentamethyl! disiloxane,

In another embodiment, b is 2 to 20, 3 to 15 or in some embodiments 3 to 10: at least one
terminal R’ comprises a monovalent reactive group and the remaining R are selected from
monovalent alkyl groups having 1 to 16 carbon atoms, and in another embodiment from
monovalent alkyl groups having 1 to 6 carbon atoms. In yet another embodiment, b is 3 to 15,
onc terminal R comprises a monovalent reactive group selected from substituted or
unsubstitited Crsalkyl{methjacrylates, substituted or unsubstituted Ci galkyl{methjacrylamides,

- - 7 . . .
the other terminal R’ comprises a monovalent alkyl group having | to 6 carbon atoms and the
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remaining R’ comprise monovalent afkyl group having 1 to 3 carbon atoms. Non-limiting
examples of silicone components of this embodiment inchade (mono-(2-hydroxy-3-
methacryloxypropyl}-propyl cther terminated polydimethyisiloxane (400-1000 MW ("OH-
mPDMS"), monomethacrvloxypropy! terminated mono-n-butyl terminated
polydimethylsiloxanes (800-1000 MW), ("mPDMS™), N-(2,3-dihvdroxypropane)-N -{(propyi
tetra{dimethylsiloxy) dimethylbutylsilane)acrylamide methacryamide silicones of the following

formulae (s1} through (s6};

/4
SiimO S%Emn-Bu
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O {(s5)
o N Si—0O+-5i—n-Bu
O {s6}.
180172} In another embodirent b is S to 400 or from 10 to 300, both terminal R’ comprise

monovalent reactive groups and the remaining R7 are independently selected from monovalent
alkvl groups having 1 to 18 carbon atoms which may have cther linkages between carbon atoms
and may further comprise halogen.

196173} In another embodiment, one to four R comprises a vinyl carbonate or carbamate

of the formula;
(24 O

H G G e (G H ) e (O v S ey

Formula XIII
1661 74] wherein: Y denotes O-, S- or NH-;
100175} R denotes hydrogen or methyl; and g is (or 1.
{60176} The silicone-containing vinyl carbonate or vinyl carbamate monomers specifically
include: 1,3-bisf4-(vinyloxycarbonvioxy)but- -yijtetramethyl-disiloxanc; 3

{vinyloxycarbonylthio) propyl-{tris (trimethyistloxy)silanc; 3-{tris{trimethylstioxy)silyl] propyl

1
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allyl carbamate; 3-{tris{trimethylstloxy)silyl] propyl vinyl carbamate; trimethylsilylethyl vinyl

carbonate; trimethyisilylmethyl vinyl carbonate, and

O CHa Chsy CHs 0
HyG == G OCO(CH )y 80 T O &Tm(CHmocomngHQ
CHs CHg CH3
{80177} Where biomedical devices with modulus below about 200 arc desired, only one

R’ shall comprise a monovalent reactive group and no more than two of the remaining R groups
will comprise monovalent siloxanc groups.
{00178} In one embodiment, where a silicone hydrogel lens is desired, the lens will he
made from a reaction mixiure comprising at least about 20 weight % and in some embodiments
between about 20 and 70%wt silicone-~-containing components based on total weight of reactive
monomer components from which the polymer 18 made.
{00179} Another class  of silicone-containing  components  includes  polyurcthane
macromers of the following formulae:

(FDEAFD¥G), *DFDFR

E*D¥G*D¥A), *D*G*D*E or;

E(*D¥ARD*G), *D¥A*DE

Formulae XIV-XVI

166186} wherein:
D018 D denotes an alkyl diradical, an alkyl cycloalkyl diradical, a cycloalkyl diradical,
an aryl diradical or an alicylaryl diradical having 6 to 30 carbon atoms,
[B0182] (3 denotes an alkyl diradical, a cycloalkyl diradical, an alkyl cyeloalioyl diradical,
an aryl diradical or an alkylaryl diradical having 1 to 40 carbon atoms and which may contain

gther, thio or amine linkages in the main chaing

{60183 * denotes a urethane or urcido linkage:
1801 84] ais at least 1:
{00185] A denotes a divalent polymeric radical of formula:

W
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B Rﬂ'n R‘i?

e (CH)y = Si0 = S (CHg),

R17 | g7
. b
Formula XVII
100186} R independently denotes an alkyl or fluoro-~substituted alky! group having 1

5 tol0 carbon atoms which may contain cther linkages between carbon atoms; v is at least | and b
provides a moiety weight of 400 to 10,000; cach of E and E' independently denotes a
polymerizable unsatorated organic radical represented by formula:

R‘IG

Lh TR oe— . ) 19 4
ROYHC G (C‘Hz.}d (Rm}x (Rg}z (Ar)y R ‘
Formula XVIII

10 [B0187] wherein: R' is hydrogen or methyl: R is hydrogen, an alkyl radical having 1 to
6 carbon atoms, or a e 0O—Y —R? radical wherein ¥ is —3—,—5— or —NH—; R¥isaCg
monovalent alkyl, and in some embodiments an unsubstituted C; 3 alkyl; R** is a divalent radical
having 1 to 12 carbon atoros; R' is a divalent radical baving 1 to 12 carbon atoms; R™® denotes
»»»»»» CO-— or »»»(}CO»»»-;R}Q denotes O or —NH-—; Ar denotes an aromatic radical having 6

IS to30carbonatoms; disQto 6, xisCorl;visforl;andzisOor 1.
{83188} In one ewbodiment the silicone-containing component comprises a polyurethane

macromer represented by the following formula:

CHy CHy o) o] o] o) CHs

9 g g 2 i i |
1] t " n § i
{24, O COCH, CH{OC - 21 NCOOH, OH,OCH, CriyOCh- Re - HC(CHy 6?40\;\; ESi"- (CHyik azz?— Ras "IF\C(I):--I,_(BZOCIHQCHQOQ?W Ry pisa::ow CHCH,C000==CH
L
CH, H H H o H -
: CH: CHy A H H H
20 Formula XIX
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1801 89] wherein R? is a diradical of a diisocyanate after removal of the isocvanate group,
such as the diradical of isophorone diisocyanate ¢ is 1-5, k is 3-4 and j is 10-200 or 10-100.
Another suitable siliconc containing macromer is compound of formula XIX {(in whichf+ gis a
number in the range of 10 to 30 h is a number in the range of 20-30, 22-26 or 25) formed by the
reaction of fluorocther, hydroxy-terminated polydimethylstioxane, isophorone ditsocyanate and

isocyanatocthylmethacrylate.

i o o)
7z ;fx\ﬂ/o\\/\\m =~ A\"//\\’(Sihﬁezi‘:)ﬂsw.e{\\\// g ~N/>Z 9!
" /L\
\Ih > ------ \ix GOHOHE,—{OCF}—~{0CF ,CF 1 00 FZCHEO\
""" | \
i 4
3 o 3
o )L { / Fo
od { - \V/\‘L o ’\\’/A\(Sif\/‘.eyo),ﬁifv\e{\\/ ’\‘0/ R {
- ™/
(4
-
Formula XX
00190 Other silicone-containing components suitable for use include those described is
i o

W 96/31792 such as macromers confaining polysiloxane, polyalkyiene cther, ditsocyanate,
polyfluorinated hydrocarbon, polyfluorinated ether and polysaccharide groups. Another class of
suitable silicone-containing components includes silicone containing macromers made via GTF,
such as those disclosed in U.S. Pat Nos. 5,314,960, 5331067, 5,244 981, 5,371,147 and
6,367,929, U.S. 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 terminal diflnoro-
substitited carbon atom. US 2002/0016383 describe hydrophilic siloxany! methacrylates
containing cther and siloxanyl linkanges and crosslinkable monomers containing polycther and
polysiloxanyl groups. Any of the foregoing polysiloxanes can also be used as the silicone-
containing component.

100191} Inn one embodiment of the present invention where a modulus of fess than about
120 psi 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 ecmbodiment, to insure the desired
balance of oxygen transmissibility and modulus it is preferred that all components having more

than one polymerizable functional group (“multifunctional components™) make up no more than
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10 mmol/100 g of the reactive components, and preferably no more than 7 mmol/100 g of the
reactive components.

166192) In another embodiment, the reaction mixtures are substantially free of silicone
containing components which contain trimethylsiloxy groups.

100193} The siliconc 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 components.

[60194] 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. Suttable hyvdrophilic compounents include
hydrophilic monomers, prepolymers and polvmers and may be present in amounts between about
10 to about 60 weight % based upon the weight of all reactive componenis, in some
erobodiments 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
lcast one polymerizable double hond and at least one hydrophilic functional group. Examples of
polymerizable double bonds include acrylic, methacrylic, acrylamido, methacrvlamido, fumarie,
maleie, styryl, isopropenviphenyl, O-vinylcarbonate, G-vinylcarbamate, allylic, O-vinylacetyl
and N-vinyHactam and N-vinviamido double bonds.  Such hydrophilic monomers may
themselves be used as crosslinking agents. “Acrylie-type” or “acrylic-containing” monomers are

those monomers containing the acrylic group

CMR?_CS

/

R#HCIIIC

R
Formula XX1
160195} wherein R is H or CHs, R¥ s H, alkyl or carbonyl, and R* is O or N, which are
also known to polymerize readily, such as N N-dimethylacrviamide (DMA), 2-hydroxyethyl
(methacrylate, glycerol methacrylate, 2-hydroxyethyl methacrvlamide, polyethylencglycol
monomgethacrylate, methacrylic acid, acrylic acid, mixtures thercof and the like.
183196} Hydrophilic vinyl-containing monomers which may be incorporated into the

hydrogels include monomers such as N-vinyl lactams {e.g. N-vinyl pyrrolidone (NVP), N-vinyl-
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2- piperidong, N-vinyl-2-caprolactam, N-vinvl-3-methyl-2- caprolactam, N-vinyl-3-methyl-2-
piperidone, N-vinyl-4-methyl-2- piperidone, N-vinyi-4-methyl-2-caprolactam, N-vinyl-3-ethyl-2-
pyrrolidone, N-vinyl-4,5-dimethyi-2-pyrrolidone); N-vinyl-N-mcthy! acctamide, N-vinyl-N-cthyl
acctamide, N-vinyl-N-cthyl formamide, N-vinyl formamide, N-2-hydroxyethyl vinyl carbamate,
N-carboxy-f-alanine N-vinyl ester, vinylimidazole with NVP being preferred in one
embodiment.

{80197} Additional hydrophilic monomers which may be used include acryvlamide, N V-
bis(2-hydroxyethyhacrylamide, acrylonttrile, N-isopropyl acrylamide, vinyl acetate,
{methacrylic acid, polyethylenc glycol (methlacrylates, 2-cthyl oxazoline, N-(2-hydroxypropyl)
{methjacrylamide, N-(2-hydroxyethyl} (meth)acrylamide, 2-methacryloyloxyethyl
phosphorylcholine, 3~(dimethyl{4-vinylbenzyljammoniojpropane- | -sulfonate (DMVBAPS), 3-
{(3-acrylamidopropylydimethylamumonio)propane- 1 ~-sulfonate (AMPDAPS), 3-((3-
methacrylamidopropyDdimethylammonio)propane- -salfonate (MAMPDAPS), 3-((3-
{acrvloyloxypropyhidimethylammoniojpropane- I -sulfonate (APDAPS),
methacrylovioxyipropyhidimethylammonio jpropane- 1 -sulfonate (MAPDAPS), N-vinyl-N-
methylacetamide, N-vinvlacetamide, N-vinyl-N-methyipropionamide, N-vinyl-N-methyl-2-
methylpropionamide, N-vinyl-2Z-methylpropionamide, N-vinyl-N N ~dimethylurea, and the like,
and mixtures thereof, In one embodiment suitable hydrophilic monomers comprise N-vinyi
pyrrolidone, N-vinyl-N-methylacetamide, 2-methacrylovioxyethyl phosphoryicholine,
(methiacryvlic acid, N N-dimethylacrylamide, N-hydroxypropyl methacrylamide, mono-glycerol
methacrylate, 2-hydroxyethyl acrylamide, bishydroxyethyl acrvlamide, and 2,3-dihydroxypropyl
{methacrylamide and the like and mixtures thereof,

{60198} In some embodiments the hydrophilic monomers may also comprise charged
monomers including but not limited to methacrylic acid, acrylic acid, 3-acrylamidopropionic
acid (ACAL), 4-acrylamidobutanoic acid, S-acrylamidopentanoic acid (ACAZ}, 3-acrylamido-3-
methylbutanoic acid (AMBA}, N-vinyloxycarbonyl-g-alanine, N-vinyloxycarbonyl-B-alanine
{VINAL}, 2-vinyl-4 4-dimethyl-2-oxazolin-5-onc {VDMO}, reactive sulfonate salts, including,
sodium-2-{acrylamido}-2-methylpropane sulphonate (AMPS), 3-sulphopropyl {methjacrylate
potassium salt, 3-sulphopropyl {(methjacrylate sodium salt, bis 3- sulphopropyl ttaconate di
sodium, bis 3- sulphopropyl itaconate di potassium, vinyl sulphonate sodium salt, vinyl

sulphonate salt, styrenc sulfonate, sulfocthyl methacrylate, combinations thereof and the like.
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183199 Other hydrophilic monomers that can be employed include polyoxyethylene
polyols having one or more of the terminal hydroxyl groups replaced with a functional group
containing a polymerizable double bond. Examples include polyethylene glycol with one or
more of the terminal hydroxyl groups replaced with a functional group containing a
polymerizable double bond. Examples include polycthylene glycol reacted with one or more
molar equivalents of an end-capping group such as isocyanatocthyl methacrylate (“1EM™),
methacrylic anhydride, methacrylovi chloride, vinvibenzoyl chloride, or the like, to produce a
polyethylene polyol having onc or more terminal polymerizable olefinic groups bonded to the
polvethylene polyol through linking moictics such as carbamate or cster groups.

100200} Still further examples are the hydrophilic vinyl carbonate or vinyl carbamate
monomers disclosed in U.S. Pat. No. 5,070,213, and the hydrophilic oxazolone monomers
disclosed 1o U.S, Pat. No. 4,190,277, Other suitable hydrophilic monomers will be apparent to
one skilled in the art.

100201} In one embodiment the hydrophilic monomers which may be incorporated into
the polymers disclosed herein inclade hydrophilic monomers such as N, N-dimethyl acrylamude
{(DMA}, 2-hvdroxyethyl acrylate, glycerol methacrylate, 2-hydroxyethyl methacrylamide, N-
vinylpyrrolidone (NVP), N-vinyl methacrylamide, HEMA, and polyethvienegiveol
monomethacrylate,

(602821 in another embodiment the hydrophilic monomers inchade DMA, NVP, HEMA
and mixtures thereof.

166203} The reactive mixtures used to form substrates such as contact lenses may also
comprise as hydrophilic components one or more polymeric wetting agents. As uscd herein,
such polymeric wetting agents used in reaction mixtures refers to substances having a weight
average molecular 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 another between about 150,000 to about 2,000,000
Daltons, in yet another between about 300,000 to about 1,800,000 Daltons, and in yvet another
about 500,000 to about 1,500,000 Daltons.

100204} Alternatively, the molecular weight of polymeric wetting agents can be also

expressed by the K-value, based on kinematic viscosity measurcments, as described in
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Encyclopedia of Polymer Science and Engincering, N-Vinyl Amide Polymers, Sccond edition,
Vol 17, pgs. 198-257, John Wiley & Sons Inc. When expressed in this manner, hydrophilic
monomers having K-values of greater than about 46 and in one embodiment between about 46
and about 150, Suitable amounts of polymeric wetting agents in reaction mixtures inchude from
about 1 to about 20 weight percent, in some embodiments about 5 to about 20 percent, in other
embodiments about & to about 17 percent, all based upon the total of all reactive components,
100205} Examples of polymeric wetting agents inchude but are not limited to polyamides,
polvlactones, polyimides, polylactams and functionalized polyamides, polylactones, polyimides,
polvlactams, such as DMA functionalized by copolymerizing DMA with g lesser molar amount
of a hvdroxyl-functional movomer such as HEMA, and then reacting the hydroxyl groups of the
resulting copolvmer with matenals containing radical polymerizable groups, such as
isocyanatoethylmethacrylate or methacryloyl chlonde. Polymeric wetting agents made from
DMA or n-vinyl pyrrohidone with glyeidyl methacrylate may also be used. The glycidyl
methacryiate ring can be opened to give a diol which may be ased in conjunction with other
hydrophilic prepolymer in a mixed system to increase the compatibility of the component in the
reactive misture. In one embodiment the polymeric wetting agents contain at least one cyclic
moiety in their backbone, such as but not limited to, a cyelic amide or eyclic imide. Polymeric
wetting agents inchude but are not limited to poly-N-vinyl pyrrolidone, poly-N-vinyi-2-
piperidone, poly-N-vinyl-2-caprolactam, poly-N-vinvl-3-methyl-2-caprolactam, poly-N-vinyi-3-
methyl-2-piperidone, poly-N-vinyl-4-methyl-2-piperidone, poly-N-vinyl-4-methyl-2-
caprolactam, poly-N-vinyl-3-cthyl-2- pyrrolidone, and poly-N-vinyi-4,S-dimethyi-2Z-pyrrolidone,
polyvinylimidazole, poly-N-N-dimethylacrylamide, polyvinyl alcohol, polyacrylic acid,
polyethylene-oxide, poly-2-cthvi-oxazoline, heparin polysaccharides, polysaccharides, mixtures
and copolymers (including block or random, branched, multichain, comb-shaped or star shaped)
thereof, where poly-N-vinvipyrrolidone (PVP) is particularly preferred in one embodiment.
Copolymers might also be used such as graft copolymers of PVP.

{60206} 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 1s believed that the polymeric wetting agents are hydrogen bond
reccivers which in aqueous environments, hydrogen bond to water, thus becoming cffectively

more hydrophilic. The absence of water facilitates the incorporation of the polymeric wetting
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agents in the reaction mixture, Aside from the specifically named polymeric wetting agents, it is
expected that any polymer wili be useful provided that when said polymer is added to a
formulation, the polymer {(a} docs not substantially phasec 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 sohuble in the diluent at reaction temperatures.
[60207] Compatibilizing agents may also be used. In some embodiments the
compatibilizing component may be any functionalized stlicone 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 select suitable compatibilizing agents. In some embodiments, a silicone monomer,
prepolymer or macromer which also coraprises hydroxyl groups is included in the reaction
mixture. Examples mclude 3-methacryvioxy-2-hydroxypropyloxy jpropyibis{tnimethylsiloxy)
methylsilane, mono-{3~-methacryloxy-2-hydroxypropyloxypropyl terminated, mono-butyl
termunated polydimethylsitoxane (MW 1100}, hydroxyl functionalized silicone containing GTP
macromers, hydroxyl functionalized macromers comprising polvdirnethyl siloxanes,
combinations thercof and the like. In another embodiment, the polymeric wettings may be used
as compatibilizing components.

183208 The hydroxyl containing component may also act as a cross-linking agent during
the formation of substrates such as contact lenses.

[83209] With respect to making substrates such as contact lenses, it is generally necessary
to add one or more cross-Hinking agents, also referred to as cross-linking monomers, to the
reaction mixture, such as cthylene glycol dimethacrylate (“"EGDMA”), trimethylolpropane
trimethacrylate (“TMPTMA™}, glycerol trimethacrylate, polycthyvlene glycol dimethacrylate
{(wherein the polvethylene glyeol preferably has a molecular weight up to, ¢.g., about 5008}, and
other poly{meth)acrylate esters, such as the end-capped polyoxyvethylene polyols described
above containing two or more terminal methacrylate moictics. The cross-linking agents are used
in the usual amounts, ¢.g., from about 0.6004153 to about §.0156 mole per 100 grams of reactive
components in the reaction mixture. Altornatively, if the hydrophilic monomers and/or the
stlicone 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 reguire the addition of an additional crosslinking
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agent to the reaction mixture include polyoxyethylene polyols described above containing two or
more terminal methacrylate moieties.

100210} An cxampic of a siliconc containing monomer which can act as a crosslinking
agent and, when present, does not require the addition of a crosslinking monomer to the reaction
mixture includes o, @-bismethacryloypropyl polydimethyisiloxanc.

{00211} The reaction mixture may contain additional components such as, but not hmited
to, UV absorbers, photochromic compounds, pharmaccutical and nutriceutical compounds,
antimicrobial compounds, reactive tints, pigments, copolymerizable and nonpolymerizable dyes,
relcase agents and combinations thercof.

100212} Generally the reactive components are mixed 1o 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.

{00213} 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 carboxyvlic acids having 8 to 20 carbon atorns. In some embodiments primary and
tertiary alcobols are preferred. Preferred classes inchude aleohols having 5 to 20 carbons and
carboxviic acids having 10 to 20 carbon atoms.

{60214} Specific diluents which may be used include I-ethoxy-2-propancl,
ditsopropylaminoethanol, isopropanol, 3,7-dimethyl-3-octancl, I-decancl, -dodecanol, 1~
octanol, 1-pentanol, 2-pentanol, 1-hexanol, 2-hexanol, 2-octanol, 3-methyl-3-pentancl, tert-amyl
alcohol, tert-butanol, 2-butanc!, 1-butanol, Z-methyl-2-pentancl, 2-propanch, 1-propanol, cthanol,
2-cthyi-1-butanol, (3-acctoxy-2-hydroxypropyloxyipropyibis{trimethyisiloxy) methylsilane, 1-
tert-butoxy-2-propanoci, 3,3-dimethyl-2-butanol, tert-butoxycthanol, 2-octyl-1-dodecanol,
decanoic acid, octansic acid, dodecanoic acid, 2-{ditsopropylaminejethanol mixtures thercof and
the like.

[60215] Preferred diluents include 3,7-dimethyl-3-octanol, 1-dodecanol, 1-decanol, 1-
octanol, 1-pentancl, 1-hexanol, 2-hexanol, Z-octano!, 3-methyvi-3-pentanci, 2-pentanol, t-amyl
alcohol, tert-butanol, 2-butanol, 1-butanol, 2-methyl-2-pentanol, 2-cthyl-1-butanol, ethanol, 3,3-
dimethyl-2-butanol, 2-octyl-1-dodecanol, decanoic acid, octanoic acid, dodecanoic acid,

mixtures thereof and the like.



[

10

5

24

WO 2013/177523 PCT/US2013/042658

160216} More preferred diluents include 3,7-dimethyl-3-octanol, 1-dodecanol, 1-decanol,
{-octanol, 1-pentanol, 1-hexanol, 2-hexanol, 2-octanol, 1-dodecanol, 3-methyl-3-pentanol, 1-
pentanol, 2-pentanol, t-amyl alcohol, tert-butanscl, 2-butanol, 1-butanol, 2-methyi-2-pentanol, 2-
cthyl-1-butanol, 3,3-dimethyi-2-butanol, 2-octyl-1-dodecanol, mixtures thereof and the like.
100217} Suitable dilucnts for non-silicone containing reaction mixtures include glycerin,
cthylene glycol, ethanol, methanol, cthyl acctate, methylence chloride, polycthylence glycol,
polypropylenc glveol, 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 alcohols,
combinations thercof and the like.

{00218} 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 15 used in amounts less than about 45% and more preferably 1o amounts between about
15 and about 40% by weight of the fotal of all components in the reaction mixture,

100219} 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, benzoy! peroxide, isopropyl percarbonate, azobisisobutyronitrile, and the like,
that generate free radicals at moderately clevated temperatures, and photoinitiator systems such
as aromatic aipha-hydroxy ketones, alkoxyvoxvbenzoins, acetophenones, acylphosphine oxides,
bisacylphosphine oxides, and a tertiary amine plus a diketone, mixtures thereof and the like,
Hustrative examples of photoinitiators are [-hydroxycyclohexy! phenyl ketone, 2-hydroxy-2-
methyl-1-phenyl-propan-1-one, bis(2,6-dimethoxybenzoyi}-2 4-4-trimethylipentyl phosphine
oxide (DMBAPO), bis(2.4,6-trimecthyibenzoyl)-phenyl phosphincoxide (Irgacure 819}, 2,4,6-
trimethylbenzyldiphenyl phosphine oxide and 2,4, 6-trimethylbenzoyl diphenylphosphine oxide,
benzoin methyl ester and a combination of camphorquinone and ethyl 4-{N,N-
dimethylaminotbenzoate. Commercially available visible light initiator systems include Irgacure
819, Irgacure 1700, Irgacure 1800, Irgacure 819, Irgacure 1850 (all from Ciba Specialty
Chemicals} and Lucirin TPO mitiator {(available from BASF). Commercially available UV
photoinitiators inclade Darocur 1173 and Darocur 2959 (Ciba Specialty Chemicals). These and
other phototnitiators which may be used are disclosed in Volume IH, Photointtiators for Free
Radical Cationic & Anionic Photopolymerization, 2nd Edition by J.V. Crivello & K. Dictliker;
cdited by G. Bradley; John Wiley and Sons; New York; 1998, which is incorporated herein by
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reference. The initiator is used in the reaction mixture in effective amounts to initiate
photopolymerization of the reaction mixture, ¢.g., from about .1 to about 2 parts by weight per
100 parts of reactive monomer. Polymerization of the reaction mixturce can be initiated using the
appropriate choice of heat or visible or uliraviolet light or other means depending on the
polymerization initiator used. Alternatively, initiation can be conducted without a photoinitiator
using, for cxample, e-beam. However, when a photoinitiator 18 used, the preferred initiators arc
bisacylphosphinc oxides, such as bis{2,4,6-trimethylbenzovl)-phenyl phosphine oxide (Irgacure
819®)} or a combination of 1-hydroxycyclohexyl phenyl ketone and bis(2,6-dimethoxybenzoyl)-
2,4-4-trimethylpentyl phosphine oxide (DMBAPQ)} , and the preferred method of polymerization
initiation is visible light. The most preferred is bis(2.4,6-trimethylbenzoyl}-phenyl phosphine
oxide (Irgacure 819®),

190229} The preferred range of sihicone~-containing monomer present in the reaction
mixture is from about 5 to 95 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 is from about 5 to 80 weight
percent, more preferably about 10 to 60 weight percent, and most preferably about 20 to 50
weight percent of the reactive components in the reaction mixture. The preferred range of
diluent present is from about 2 to 70 weight percent, more preferably about 5 to 58 weight
percent, and most preferably about 15 to 40 weight percent of the total reaction mixture
(inchading reactive and nonreactive components).

160221} The reaction mixtures can be formed by any of the methods known to those
skiifed in the art, such as shaking or stirring, and used to form polymeric articles or devices by
known methods.

180222} 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 subscquently 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.

100223} Various processes are known for processing the reaction mixture in the
production of contact lenscs, including spincasting and static casting. Spincasting methods are

disclosed in U.S. Pat. Nos. 3,408,429 and 3,660,545, and static casting mcthods arc disclosed in
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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 hvdrogels, which is economical, and enables precise control over
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, i.c., water-swollen polymer, and the
reaction mixture is subjected to conditions whereby the monomers polymerize, to therehy
produce a polymer/diluent mixture in the shape of the final desired product. Then, this
polymer/diluent 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 are quite similar to
the size and shape of the original molded polymer/diluent article. This method can be used to
form contact lengses and is further described in ULS. Pat. Nos. 4,495,313, 4,680,336; 4,889,664,
and 5,039,459, incorporated herein by reference.

{00224] Biomedical devices, and particularly ophthalmic lenses, have a balance of
propertics which makes them particularly useful. Such propertics include clarity, water content,
oxygen perreability and contact angle. The incorporation of at least one block copolymer
according to embodiments of the present invention provides articles having very desirable
wettability/contact angles with solutions and improved biometric performance as evidenced by
reduced lipocalin, liptd and mucin uptake levels. Silicone hydrogel contact lenses incorporating
the block copolymers will display contact angles of less than about 60° and in some
embodiments less than about 40°, and decreases in contact angle of 40% and in some
embodiments 50% or more. Lipid uptake can be lowered by 580% or more and silicone hydrogel
ienses having about 12 ug, 10 ug, 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%.

180225] Suitable oxygen pormeabilities for silicone containing lenses are preferably
greater than about 40 barrer and more preferably greater than about 60 barrer.

180226} 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

the above ranges are deemed to be within the present invention,

180227} Alternate Numbered Embodiments

)
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160228} The non-limiting examples below further describe this invention,

{60229} Wettability of lenses can be determined using a sessile drop technique measured
using KRUSS DSA-100 TM instrument at room temperature and using DI water as probe
sohution. The lenses to be tested (3-5/sample) were rinsed in DI water to remove carry over from
packing solution. Fach test lons was placed on blotting lint free wipes which were dampenced
with packing sohution. Both sides of the lens were contacted with the wipe to remove surface
water without drying the lens. To cosure 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 ligoid. A 3 to 4 mucroliter of DI water drop was formed on
the syringe tip using DSA 100-Drop Shape Analysis software ensuring the hiquid drop was
hanging away from the lens. The drop was released smoothly on the lens surface by moving the
needle down. The needle was withdrawn away immediately after dispensing the drop. The
figuid drop was allowed to equilibrate on the lens for 5 to 10 seconds and the contact angle was
computed based on the contact angle measured between the drop image and the lens surface,
{80230} The water content may be measured as follows: lenses fo be tested were aliowed
to sit in packing solution for 24 hours. Each of three test lens were removed from packing
solution using a sponge tipped swab and placed on 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 in 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 is the wet
weight.

{60231} The dry weight was measured by placing the sample pans in a vacuum oven
which has been preheated to 60°C for 30 minutes. Vacuum was applicd until at least (.4 inches
Hg s attained. The vacuum valve and pump were tomed 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 removed and weighed. The water content was caleulated as follows:

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

% water content =  {wet weight — drv weighty x 100
wet weight

654
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166232} The average and standard deviation of the water content are calenlated for the
samples are reported.

100233} Oxygen permeability (DK} may be determined by the polarographic method
generally described in 18O 18369-4:2006(E}, but with the following variations. The
measurcment is conducted at an environment containing 2.1% oxygen. This environment i
created by equipping the test chamber with nitrogen and air inputs sct at the appropriate ratio, for
example 1800 ml/min of nitrogen and 200 ml/min of air. The ¥/Dk is calculated using the
adjusted pOZ. Borate buffered 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
betore measuring. Four lenses with uniform thickness in the measurement area were stacked
instead of using lenses of varied thickness, The L/Dk of 4 samples with significantly different
thickness values are measured and plotied against the thickness., The inverse of the regressed
slope is the preliminary Dk of the sample.  Hthe prelimimmary Dk of the sample 1s less than 90
barrer, then an edge correction of {1 + {S.88(CT in cm))) is applied to the preliminary L/Dk
values. If the preliminary Dk of the sample is greater than 90 barrer, then an edge correction of
{1+ {3.56(CT in cm}}) 1s applied 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 value is
reported in barrers,

196234} Lipocalin uptake can be measured using the following solution and method. The
lipocalin solution contained B Lactogiobulin {(Lipocalin} from bovine milk (Sigma, L.390&)
solubilfized at a concentration of 2 mg/ml in phosphate saline buffer (Sigma, D8662)

any

suppiemented by sodium bicarbonate at 1.37g/l and D-Glucose at 0.1 g/l

100235} Three lenses for cach example were tested using the lipocalin solution, and three
were tested using PBS as a controf 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 well} each well containing 2 mi of lipocalin solution. Each lens
was fully immersed in the solution. Control fenses were prepared using PBS as soak solution
mstead of lipocalin. The plates containing the lenses imumersed in lipocalin solution as well as
plates containing control lenscs immersed in PBS, were parafilmed to prevent evaporation and

dehydration, placed onto an orbital shaker and incubated at 35°C, with agitation at 100 rpm for

[
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72 hours. After the 72 hour incubation period the lenses were rinsed 3 to 5 times by dipping
ienses into three {3) scparate vials containing approximately 200 ml volume of PBS. The lenses
were blotted on a paper towel to remove excess PBS solution and transferred into sterile 24 well
plates cach well containing 1 ml of PBS solution.

180236} Lipocalin uptake can be determined using on-lens bicinchoninic acid method
using QP-BCA kit { Sigma, QP-BCA) following the procedure described by the manufacturer
(the standards prep is desceribed 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 lipocalin solution. Optical density was measured using a Synergyil Micro-plate reader
capable for reading optical density at 562 nm.

{60237} Mucin uptake can be measured using the following solution and method. The
Mucin solution contained Mucins from bovine subroaxillary glands {Sigma, M3835-type 1-S)
solubilized at a concentration of 2 mg/ml in phosphate saline buffer (Sigma, DRG62)
sapplemented by sodium bicarbonate at 1.37g/1 and D-Glucose at 8.1 g/l

{00238} Three lenses for cach example were tested using Mucin solution, and three were
tested using PRS as a control solution. The test lenses were blotied on sterile gauze to remove
packing solution and aseptically transferred, using sterile foreeps, into sterile, 24 well cell culture
plates (one lens per well) cach well containing 2 mi of Muein solution. Each lens was fully
immersed in the solntion. Control lenses were prepared using PBS as soak solution instead of
lipocalin.

1606239} The plates containing the lenses immersed in Mucin as well as plates containing
control lenses immersed in 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 blottedon a
paper towel to romove excess PBS solution and transferred into sterile 24 well plates cach well
containing 1 mi of PBS solution.

160244} Mucin uptake can be determined using on-lens bicinchoninic acid method using
(JP-BCA kat { Sigma, QP-BCA) tollowing the procedure described by the manufactarer (the
standards prep is described in the kit) and is calculated by subtracting the optical density

measured on PBS soaked ienses (background) from the optical density determined on lenses
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soaked in Mucin solution. Optical density was measured using a Synergyll Micro-plate reader
capable for reading optical density at 562nm.

100241} Cell viability can be evaluated in vitro using a reconstituted corneal epithelium
tissue construct. The tissuc construct was a full thickness corncal epithelium {corneal epitheliam
tissue from Skinethics) reconstituted and grown in vitro on a polycarbonate insert at the air higuid
interface to form a fully stratified cpithelial construct.

100242} For the cvaluation of lenses a punch biopsy (0.5 cm®) of the lens was applicd
topically onto the tissuc followed by a 24-hour incubation at 37°C, 5 % CO,. The lens biopsy
was removed, and tissuc was washed with PBS. Ccll viability was then measured using the MTT
colorimetric assay {(Mosman, T. Rapid colorimetric assay for celinlar growth and survival:
apphication to proliferation and cytotoxicity assays. J. mmuonol. Methods, 65; 55-63 (1983
tissues were incubated in the presence of MTT for 3 hours at 37°C, 5 % CO,, followed by
extraction of the tissues in isopropyl alcohol. Absorbance of the isopropyl alcohol extracts was
then measured at 550 nm using a microplate reader. Resulis were expressed as a percentage of
the PBS control {tissues treated with PBS versus lens-treated tissues).

100243} 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.
{60244} Lipid uptake was measured as follows:
{80245} A standard carve was set up for each lens type under investigation. Tagged

cholesterst (cholesterol labeled with NBD ([ 7-nitrobenl-2-0xa-1,3-diazol-4-yl], CH-NBD;
Avanti, Alabaster, AL}) was solubilized in a stock solution of T mg /mL lipid in methanol at
35°C. Aliquots were taken from this stock to make standard curves in phosphate-butfered saline
{(PBS) at pH 7.4 in a concentration range from 0 to 100 micg /ml..

[80246] Ove mulliliter 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 curve samples in I mL of a concentration of 20 micg /ml of CH-NBD.
Another set of tenses (S lenses) were soaked in PBS withount lipids to correct for any
autofluorescence produced by the lens itself. All concentrations were made up in phosphate
buffered saling (PBS) at pH 7.4, Standard curves, test plates {containing lenses soaked in CH-

NBD) and control plates (containing lenses soaked in PBS) were all wrapped in aluminom foil to

o
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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 flusrescence reader (Synergy HTH).

100247} The lenses from the test and control plates were rinsed by dipping cach individual
icns 3 to 5 times in 3 consecutive vials containing approximately 100 ml of PBS to ensure that
only bound lipid would be determined without lipids carryover. The lenses were then placed ina
fresh 24-well plate containing | mL of PBS in cach well and read on the fluorescence reader.
Afier the test samples were read, the PBS was removed, and { mi 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 353°C, with rocking, until the next period. This procedure was repeated
for 15 days antil complete saturation of lipids on lenses. Only the Hipid amount obtained at
saturation was reported.

{00248} Lysozyme uptake can be measured as follows: The hysozyme solution used for the
ivsoryme uptake testing contained lysozyme from chicken egg white (Sigma, L7651) solubilized
at a concentration of 2 mg/ml in phosphate saline buffer supplemented by Sodium bicarbonate at
1.37¢/t and D-Glucose at .1 g/l

160249} The Hpocalin solution contained B Lactoglobulin (Lipocalin} from bovine mitk
{Sigma, L3908} sohubilized at a concentration of 2 mg/ml in phosphate saline buffer
suppiemented by Sodium bicarbonate at 1.37g/1 and D-Glucose at 0.1 g/l

196254} Three lenses for each example were tested using ecach protein 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 sterile forceps, into sterile, 24 well
cell culture plates (one lens per well) each well containing 2 mi of lysozyme solution. Each lens
was fully immersed in the solution. 2 mi of the fysozyme sohution was placed in a well without a
contact lens as a control.

{80251} The plates containing the lenses and the control plates containing only protein
solution and the lenses in the PBS, were parafilmed to prevent ovaporation 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) scparate vials containing approximately 200 ml volume of PBS. The lenses were

blotted on a paper towel to remove excess PBS solution and transferred into sterile conical tubes
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(1 lens per tube), cach tube containing a volume of PBS determined based upon an ostimate of
lysozyme uptake expected based upon on cach lens 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). Sampics known to uptake a level of
fysozyme 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.

160252) i ml aliguot of PBS was used for all samples other than ctafilcon. 20ml were
used for etafilcon A lens. Each control lens was identically processed, cxcept that the well plates
contained PBS instead of either lysozyme or lipocalin solution.

{00253} Lysozyme and lipocalin uptake was determined using on~lens bicinchoninic acid
method using QP-BCA kit { Sigma, QP-BCA) following the procedure described by the
manufactarer (the standards prep 5 described in the kit) and is calculated by subtracting the
optical density measured on PBS soaked lenses { background) from the optical density
deterrained on lenses soaked in lysozyme solution.

1080254} Optical density can be measured using a Svnergyll Micro-plate reader capable for
reading optical density at 562nm.

{60255} The following abbreviations will be used throughout the Preparations and

Examples and have the following meanings.

{60256} ACAL 3-acrylamidopropionic acid;

132571 ACA2 S-acrylamidopentanocic acid;

{60258} 4-BBB 4-(bromomethylibenzovl bromide (Sigma-Aldrich);

1B3259] DMA N N-dimethylacrylamide

{60260} Irgacure-819  bis{2 4, 6-trimethylbenzoyli-phenylphosphincoxide (Ciba Specialty
Chemicals);

{80261} KX potassium O-cthyl xanthogenate,

180262} mPDMS monomethacryloxypropyl  terminated mono-n-butyl terminated
polydimethylsiloxancs (800-1000 MW);

180263} NaHTTC sodium hexyltrithiocarbonate;

100264] HBTTC S-hexyl-5"-benzyl-trithiocarbonate

{00265} XGI996TTC S-hexyl-§™-4-(2-(n-

butylpolvdimethylsitoxydimethylisilyhethylibenzyl carbonotrithioate;

6%
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183266} aBPDMS-H  3-(n-butylictramethylsiloxydimethylsityl} propanol

{60267} MBA N N'-methylencbisacrylamide

100268} NVP  N-vinylpyrrolidone {(Acros Chenucal), further purified via vacuom
digtiliation;

100269} NRPTHP polysiloxane terminated block copolymer comparison produced in

Preparation 3;

100270} PTHPWCL  polysiloxanc terminated block copolymer with  cross-links
produced in Preparation 3;
100271} HO-mPDMS  mono-(2-hydroxy-3-methacrvloxypropyD-propyl ether terminated
polvdimethylsiloxane (400-1000 MW));
180272} SBX  3-(n-butyltetramethylsioxydimethylsilyhpropyl 4~
{{cthoxycarbonothioylithioymethyhbenzoate;
180273} SiGMA 2-methyl-, 2-hydroxy-3-[3-[1,3,3,3-tetramethyi- 1 -
[trimethylsilyDoxyldisiloxanylproposylpropyl ester;
1080274} TRIS-VC iris{trimethylsiloxy)silylpropyl vinyl carbamate;
{86275} Vs a sihicone-containing vinyl carbonate describe at col. 4, lines 33-42 of
US5,260,000
183276} X(-1996 4-(2-(n-butylpolydimethyvisiloxydimethyistlylethylibenzyl
chloride, MW ~ 1000;
1032771 XGI996HTTC S-hexyl-§ ~4-(2-(n-
butylpolyvdimethylstoxysilylethylbenzyl carbonotrithicate (preparation 1); and
160278} D30 3,7-dimethyl-3-octanol
{6062791 Borate buffer is an ophthalmic solution containing the following components
component Wil
Deionized Water 98.48
Sodium Chioride (.44
Boric Acid .89
Sodinm Borate Decaliydeate 017
Ethylenedianne 0.01
Tetraacetaie (EDTA) o
{0280}
180281} Preparation 1 Synthesis of Silicong-Functional macre-RAFT Agent: S-hexyi-

8§74~ 2-(n-butylpolydimethyisiloxydimethylsilviethylibenzyl carbonotrithioate (XG1996TTC).

70
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180282} XG-1996 (shown in Formula XX below, MW distribution centered arcund about
1000 g/mole, which corresponds to an average repeat, m of 10-123, (10 g, 10 moles), was
dissolved in approx. 250 mL of acetone ina | L round bottom flask. Sodium
hexylirithiocarbonate (NaHTTC) was dissolved in 100 mL acctone and added to the reaction
mixture. The reaction mixture was stirred overnight. A white solid precipitated out of the bright
yvellow solution.  Acctone was removed via rotary-gvaporation, and the crude product was
partitioned between 250 mbL DI water and 250 mb hexane., The hexance layer was separated out
and the aqueous layer was extracted with hexane (3 x 200mL). All organic layers were
combined, washed with brine (250mL) and dried over NaySO4. The crude product in hexane was
passed over a silica gel plug to remove cloudiness. Hexane was removed via rotary-evaporation
icaving the product S-hexyl-5"-4-(2-(n-butylpolydimethyisiloxysilyhethylheneyl
carhonotrithioate (XG1996HTTC) in the form of a clear yellow oil. 'H NMR (300 MHz,
CDCLY: 6 (ppmy 0.00-0.03 {m, 60H), 0.52 (1, 2H), 0.83-0.91 (m, 8H), 1.22-1.44 (m, 10H), 1.63-
173 (m, 2H), 2.61 (1, 2H), 3.34 (1, 2H), 4.56 (s, 2H), 7.14 (d, 2H), 7.21 {d, 2H).

160283} XG-1996: -(2-(n-butylpolydimethylsiloxydimethylisilyl) ethyl) benzyl chloride
MW ~ 1000 g/mole

e P
Formula XX
{60284} Preparation 2 Svanthesis of Standard, Non-Silicone RAFT Agent: S-hexyi-
S’benzyi-trithiccarbonate (HRTTC)
{60285] Sodium in kerosene {Sigma Aldrich batch # 13322HH} was added in pieces

slowly under nitrogen to 20mL of methanol to form sodium methoxide. The resulting solution
was added to a flask containing 1-hexancthiol (Sigma Aldrich batch # 09818LE) in several
aliquots. Carbon disulfide (Sigma Aldrich batch # 048971)}) was added drop-wisc via syringe.
The solution turned yellow immediately. The sohution was allowed to react for 15 minutes.
Benzyl bromide {Sigma Aldrich batch # 14714PD) was then added dropwise via syringe. A
precipitate formed immediately. The reaction was allowed to proceed for two hours. A yeliow
o1l eventually 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 agueous laver
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was approximately 50mL and was extracted three times with 50mU of hexane. The hexane was
combined, dried over Na,SOy and reduced to dryness via rotary evaporation, 'H NMR (300
MHz, CDCh): 8 (ppm) 0.875-1.125 (¢, 3H), 1.25-1.63 {1, 6H}, 1.63-1.95 (m, 2H), 3.25-3.63 (1,
2H}, 4.63-4.8 (s, 2H), 7.25-7.5 {m, 5H),

00286} Preparation 3: Synthesis of polyDMA-Based Polysiloxane Terminated Block
Copolvmer With Cross-Links PTHPWCL in the Presence of XGI996TTC and HBTTC

100287} A series of PDMA-based PTHPWCLs was prepared with variations in the target
DP cross-linking agent to {-primary chain ratio (XL:{-PC}), and ratio of silicone

B¢ Segment’
sogment to hydrophilic Q-segment {{AL{Q1) vie RAFT polymerization.
{60288} DMA was obtained from Jarchem and further purified vie vacuum distillation.
XG1996TTC was synthesized according to Preparation 1, HBTTC was synthesized according to
Preparation 2 above. frgacure 819 was dissolved in n-propanol at a concentration of 10mg/mL.
180289] For the synthesis of Example A, the polymerization solution was prepared by
dissolving 30 ¢ of DMA, 0,101 g XG1996TTC, 8.260 g HBTTC, and 8.017 g CGI-812 into 30 g
of n-propanol in a 20 mL amber glass vial, Next, 0.157 g N.N -mcthylenebisacrylamide was
added to the polymerization solution. The resulting solution was stirred under ambient conditions
until homogeneous. The amber vial containing the final polymerization solution was scaled with
a rubber septum and purged for 20 minutes with Ny to remove O from the solution. Finally the
sealed jar was placed inan N glove-box for storage.
[060298] The polymerization solution was cured to a conversion, p, of .96 or 96 % under
an N, atmosphere with 4 standard Philtips TL 20W/03 RS bulbs at intensity of 2.0 mW/em” for
45 mimates. Prior to curing, the polymerization solution was poured into an 80 mm diameter
crystailization dish, which was then placed on a reflective glass surface.
100291} After curing, the resulting highly viscous polymerized material was diluted with
Smb of ethanol. The polymerized solution was stirred then added drop-wise to 500 mL of
vigorously stirring cold dicthyl ether to precipitate product. The precipitated polymer was dried
in vacuo for several hours.
100292} Examples B-P were prepared in accordance with Example A with ingredient

arnounts adjusted to meet the desired target DP XL:C-PC ratio, and [A}]Q] ratio as

BQ.8egment”
listed in Table 1. Specific amounts used in the preparation of cach example may be found below
in Table 2. The monomer conversions, p, for specific examples are shown in Table 1.

T2
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183293} The resulting polymers were analyzed for MW and MWD via SEC-RI. Figure 2
shows the Size Exclusion Chromatography with Refractive Index (SEC-RI) results for Examples
A-P of cross-linked PDMA -siloxancs and comparison for a comparative incar PDMA-siloxane

according to Preparation 3. Degree of polymerization of the hydrophilic segment was measured

5 along with polydispersity index.
{00294} The gencralized synthesis of PTHPWCLs via RAFT polymerization is shown
below:
10 [80295] The resulting molecular weights and polydispersity index (PDI) and

conversions {p} arc provided in Table 1.

TABLE 1
Example | PPy, 1 XLGPC | ARG | M tefmele) | M (g/mole) | pBE |
A 300 1.00 0.10 53,030 195,400 37 096
B 100 0.10 0.55 12,570 13,830 Li | 095
C 300 0.55 0.55 44,040 74,960 L7 1097
D 500 0.55 1.00 52,640 112,700 21 1098
E 300 0.55 0.55 45,180 77,390 1.7 1697
¥ 100 0.55 0.10 16,890 25,120 15 1094
G 500 0.10 0.35 45,260 55,790 1.2 | 096
11 300 0.53 0.55 46,640 75,740 1.6 | 0.96
I 300 1.00 1.00 | 238,600 841,500 35 1 100
i 500 1.00 0.55 | 104,400 303,300 29 1 100
K 100 1.00 0.55 | 157,300 756,800 48 | 100
L 300 0.10 0.10 29,210 32,690 Ll | 097
M 500 0.55 0.10 49,870 78,140 L6 | 0.94
N 100 0.55 1.00 23,050 54,610 24 1097
O 300 0.10 1.00 31,720 38,510 1.2 {098
73
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| P l 100 1.25 0.1 43,27 450,100 10.4 (.94

O
Table 2
Sample | DP, XL:o-BC | [ARIOH MBA § BMA | CGL | 8-Prop | CTAsmome | CTAgrmana
Narse Greey 9 | ® | my | ® g) (mg)

A 300 1.06 010 0.157 30 17.6 30 HOH 260
B 100 0.10 0.55 0.049 30 30.8 30 1668 388
C 300 0.55 0.55 0.086 30 17.60 30 557 136
D 500 0.55 1.00 4.051 38 10.2 38 607 O
E 300 0.55 0.35 0.086 30 7.0 30 557 136
F 100 0.55 0.10 0.260 30 510 30 305 786G
G 500 0.10 0.55 0.010 30 10.2 30 333 78
H 300 0.55 0.55 0.086 30 17.0 39 557 130
i 300 1.06 1.00 (0.156 30 17.6 30 1613 O
I 500 1.00 0.55 0.094 30 10.2 30 334 78
K 106 1.00 0.55 0.470 30 512 30 1683 392
L 300 0.10 .10 0.015 30 17.0 30 (G 259
M 500 0.55 0.10 0.051 30 0.2 30 61 135
N 100 0.55 1.60 0.260 30 510 30 3647 O
O 300 0.10 1.00 0.015 30 17.60 30 1016 0
P 100 1.258 0.1 .59 30 51.5 30 308 788

160296] Preparation 4a-¢

{00297} COMPARATIVE: Svathesis of polyDMA-Based Polysiloxane Terminated

Polymers NRPTHP.

100298} Preparations 19-21 Svathesis of PDMA-Based Non-Reactive Polysiloxane

Terminated Hydrophilic Polymer NRPTHP Varied MW Series via RAFT Polymerization in the
Presence of XG1996TTC

1060299} A series of DMA -containing NRPTHPS having different molecular weights was
prepared using the coraponents in the arounts histed in Table 3, below and the following
procedure. For all preparations, the length of the silicone segrent was held constant at 106-12

repeat units, 1.¢. all polymers were made from the same lot of XGI1996HTTC from Preparation 5.
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Three ratios of DMA:XGI996HTTC ratios were targeted in order to vary the molecular weight
of the hydrophilic polymer, including 300, 600, and 1000,

100300} Distilled DMA was added to an amber 120mL glass jar. Next, diluents {cither
D30 or pentanol), XG1996HTTC, and Irgacure-819 were added to the monomer and warmed
and stirred to cosure homogeneity. The amber jars containing the final polymerization solutions

were placed in an N; atmosphere and purged for 20 minutes with N, to remove O, from the

sohation. The jar was scaled and placed in an N; glove-box until use.

1080301} The polymers were analyzed for MW and MWD via SEC-MALLS, described

below. The resulis are shown in Table 14, below.

{00303} Table 3

PCT/US2013/042658

{80303} Table 4
Prep# | Sample Type Man (g/mole} | Mw (g/meole} | PIH
4a PDMA-SiL 23,720 27,790 117
4b PDMA-SiL 44,830 49,480 110
de PDMA-Sil 92,180 102,700 P11

Comparative Examples 1-3

Three senofilcon lenses were removed from their packages and transferred glass vials
contaiming packing solution contaiming 500 ppm of the non-reactive polysiloxane ternunated
hydrophilic polvmer ("NRPTHP”) produced in Preparations 4a-¢. The lenses were re-packaged

in the NRPTHP packing solution, autoclaved at 121°C for 28 minuies and, afier sterilization,

-3
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were allowed to soak in the NRPTHP packing solution at ambient temperature for at fcast 24
hours. The sessile drop contact angle of the fenses were measured and are reported in Table 5.

Table §

Exit Prep Lipid Uptake
DpP {ug/lens) Contact Angle ()
CEL B pppiasinozg | 222 521 (6.6) 55.7 (5.0)
CE2 80 lopnia-giladk | 434 35.5 (7.8) 505 (1.7)
CESBe  Ippaiacsilook | 918 14.1 (3.0) 437 (3.4)
Examples — A-P
(060304} For cach Example, production quality senofilcon A lenses were removed from

their packages and transferred to glass vials containing packing solution containing the
polysiloxane termunated block copolymer with cross-tinks ("PTHPWCL”) produced in
Preparation 2 a concentration of 3000 ppm in a 30/70 volume/vohume IPA/Borate Buffer
mixture. The lenses were re-packaged in the PTHPWCL packing solution, allowed to soak in
the PTHPWCL packing solution at ambient temperature for at least 24 hours. Treated lenses

were then repackaged in fresh packing sohution and were subsequently sterilized at 124°C for 3¢

minutes.
] - M M 7 Lipid
Fample DPHQ"S@M RLGPC AR {g/ m;Ee) {g/ xxa:;Ee) ot Uptakg
{ug/lensy*

A 300 1.00 0.10 53,030 193,400 37 8.5
33 100 0.10 .55 12,570 13,830 1.1 15.4
C 300 0.55 .55 44 340 74,960 17 12.8
D 500 0.55 1.00 52,640 112,700 2.1 12.8
B 300 0.55 .55 45,180 77,390 1.7 i2.2
¥ 100 0,55 .16 16,850 25,120 1.5 12.4
(3 500 .10 0.55 45,260 55,790 1.2 14.4
H 300 .55 0.55 46 640 75,740 1.6 12.6
1 300 1.00 1.00 232,600 841,500 3.5 9.5
J 500 1.00 .55 104,400 343,300 29 3.4
K 100 1.00 .55 157,300 756,800 48 4.4
L 300 0.10 .10 29,210 32,690 1.1 15.7
M 500 0.55 0,10 49 870 78,140 1.6 12.7
N 100 0.55 1.00 23,050 54,610 2. i2.5
O 300 0.10 1.00 31,720 38,510 1.2 i5.1
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l P 100 I 1.25 0.1 43,270 450,100 ' 10.4 I 5.2

*Lipid Uptake = CH-NBD uptake. A pooled standard deviation of +/- 8.4 pg/lens cau be used

o assess statistical significance.
{00305} FIGS. 3, 4, and 5 show that lipid uptake decreases significantly as the XL:(-PC
increases for all ratios of [A}{Q] and target DPng.seemen values.
{00306} FIGS. 6, 7, and § also show that lipid uptake decreases significantly as the
XL:L-PC increases for all ratios of [A][{QQ]. Figures 6-8 also show that the DPno.segment does not
have as big an impact on the lipid uptake of lenses treated with the block copolymers as the ratio
of cross-linker to primary chain XL:(~PC does. This suggests that a tight mesh is desired.
{00367} FIGS. 9, 10, and 11 show lipid uptake surtace responses for varying degrees of
polymerization and ratios of [A}[Q] for constant ratios of cross-hinking agent to primary chain,
XL.C-PC.
{60308} From these figures, it is soen that the use of higher amounts of cross-linker to
form the nanogel materials of this invention leads to structures that, when used to treat a contact
iens medical device, drastically lower the device’s lipid and protein uptake profile.
{80309} Reference throughout this specification to “one embodiment,” “certain
embodiments,” “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 cmbodiment of the invention. Thus, the appcearances of the phrases such as “in one
or more embodiments,” “in certain embodiments,” “in onc embodiment” or “in an embodiment”
in various places throughout this specification are not necessarily referring to the same
erobodiment of the invention. Furthermore, the particular features, stractures, materials, or
characteristics may be combined in any suttable manner in one or more embodiments,
184318} Although the invention herein has been described with reference to particular
embodiments, it is to be understood that these embodiments are mwerely ltustrative 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 is intended that
the present invention include modifications and variations that are within the scope of the

appended claims and their equivalents.

~3
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What is claimed is:

1.

2

W

0.

-k

A composition comprising a block copolvmer of the following formula:

[A]-B-[Q], whercin

[A]is a segment that has an affinity for a medical device;

B is a linking group comprising an optionally-substituted, polyvalent linking group
having a molecular weight of no more than 1000 g/mole; and

[Q] comprises a semi-crosslinked, ungelled scgment derived from copolymerization of at
lcast onc ethylenically unsaturated monomer with a poly-functional cthylenically
unsaturated monomer.

The composition of embodiment 1, wherein:

the block copolymer is stable, water soluble and cross-linked but not macroscopically
getled,

[(3] comprises a hydrophilic segment that has a degree of polymerization in the range of
about 19 to about 10,000, and

[A] comprises a linecar substrate associative segment on at least one terminal end of said
block copolymer, wherein said substrate associative segroent comprises between about |
and about 1000 repeating wumits, and said block copolymer is associated, via the linear
substraie associative segment with a surface of the medical device.

The composition of embodiment 2, wherein said substrate associative segment is selected
from the group consisting of a hvdrophobic segment, a hvdrophilic substrate associative
segment, a proton donating segment, a proton accepting segment, an ionic segment, a
complexing segment, and a stimuli responsive segment.

The composition of embodiment 3, wherein the hydrophobic segment compriscs siloxy
groups.

The composition of embodiment 3, wherein the proton donating segment comprises one
or more alcohols.

The composition of embodiment 3, wherein the proton accepting segment comprises one
or more amides.

The composition of embodiment 3, wherein the lonic segment comprises one or more of

the following: a carboxylate, a sulfonate, an anmumonium salt, and a phosphonium salt.
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The composition of embodiment 3, wherein the complexing segment comprises ong or
more boronic acid functionalitics and/or hydroxyl functionalitics.

The composition of embodiment 3, wherein the stimuli responsive segment compriscs a
polymer selected from the group consisting of temperature-responsive polymers, pH
responsive polymers, clectrolyte responsive polymers, light responsive polymers and
mixtures thereofl

The composition of embodiment 9, wherein the toemperature-responsive polymer is
poly{N-isopropylacrylamide) (PNIPAM).

A composition comprising an amphiphilic nanogel material comprising one or more
cross-linked copolymers, wherein said copolyvmer comprises one or more hydrophilic
segments having a degree of polvmenization in the range of about 10 to about 10,000, and
wherein said one or more hydrophilic segroents contains a linear silicone segment on at
least one terroinal end, wherein said lincar silicone scgment comprises between about |
and about 200 siloxy units, and said amphiphilic nanogel material associates via the
lincar silicone segment, with a surface coroprising at least one hydrophobic site.

The composition of embodiroent 11 wheren said hydrophilic segment of said nanogel
has a degree of polymerization in the range of about 58 to about 5,000.

The composition of embodiment 11 wherein said hydrophilic segment of said nanogel
has a degree of polymerization in the range of about 100 to about 1000,

The composition of embodiment 11 wherein said hydrophilic segment of said nanogel
has a degree of polymerization in the range of about 100 to about 500,

The composition of embodiment 11 wherein said hydrophilic segment of said nanogel
has a degree of polymerization in the range of about 100 to about 300,

The composition of embodiment 11 wherein the hydrophilic segment and the lincar
silicone scgment are present in said nanogel in a weight ratio, based upon the degree of
polymerization, in the range of about 1:1 to about 500:1.

The composition of embodiment 16 wherein the weight ratio of the hydrophilic segment
to the lincar silicone segment, based upon degree of polymerization, is in the range of

about 1:1 to about 200:1.
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The composition of cmbodiment 17 wherein the weight ratio of the hydrophilic segmoent

to the lincar silicone scgment, based upon degree of polymerization is in the range of

about 1:1 to about 10: 1.

The composition of embodiment 11 wherein said hydrophilic segment has a cross-linker

to primary chain molar ratio in the range of about 0.01 to about 1.5,

The composition of embodiment 11 wherein said hydrophilic scgment s cross-linked to

other hydrophilic scgments of said amphiphilic copolymer having polydispersity indices

(PDis}) of lcss than about 1.5,

The composition of ecmbodiment 20 whercin said hydrophilic segment is cross-linked by

covalent bonding, ionic bonding, hydrogen bonding, or a combination thereof,

The composition of embodiment 11 wherein said silicone segment comprises

polydialkylsiloxane, polydiarvisiloxane, and mixtures thereof,

The composition of embodiment 22 wherein said alkyl 1s selected from Ci-Cy alkyl

The composition of embodiment 22 wherein said polydialkylsiloxane comprises

polydimethylsiloxane or polydicthylsiloxane.

The composition of embodiment 11 wherein said bydrophilic segment 158 formed from

monomers  selected from the group consisting of vinyl amides, vinyl lactones,

vinylimides, vinyi lactams, hydrophilic {(methlacrylates, {meth)acrylamides, and mixtures

thereot.

The composition of embodiment 28 wherein satd hydrophilic segment is cross-linked by

a cross-linking agent selected  from  the group consisting of an NN-

alkylenebis(meth)acrylamide, an polyalkyleneglycoldi{methjacryiate, an

polyalkyiencglveoldi{methiacrylamide, and combinations thereof.

The composition of embodiment 1T wherein the surface comprising at least once

hvdrophobic site is a silicone hydrogel which compriscs a contact angle of no more than

about 50° after said surface has been treated with said amphiphilic nanogel material,

A method of making a stable, block copolymer that is cross-linked but not

macroscopically gelled, the method comprising:

{(a) reacting a terminally-functionalized polydialkylsiloxane with a functional motety
capable of controlling the polymerization of unsaturated monomers to form a

polysiloxanc-functional controlled radical polymerization (CRP) agent;

%G
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{b)

{c}

(d)

contacting the polysiloxanc-functional CRP agent with at least one hydrophilic
monomer, a free radical initiator, a cross-linking agent, and, optionally, a solvent;
polymerizing the at least onc hydrophilic monomer in the presence of the
polysiloxanc-functional CRP agent to form a hydrophilic segment on the
polysiloxane-functional CRP agent, such that an active portion of the CRP
compound is on a terminal end of said hydrophilic secgment and a silicone
segment 18 on an opposite torminus; and

cross-tinking the hydrophilic segment during polymerization.

The method of crmbodiment 28 wherein said CRP agent is a reversible addition fragment

transfer (RAFT) agent,

The method of embodiment 28 wherein said CRP agent s an atom transfer radical

polymerization {ATRP) agent

The method of embodiment 28 wheremn said CRP agent s a tellunide-mediated

polymerization {TERP) agent

The method of embodiment 28 wherein said CRP agent is a nitroxide-mediated hiving

radical polymerization (NMP) agent.

The composition of embodiment 11 wherein said block copolymer is formed by

{a)

{d)

reacting a  hydroxyl alkyl  terminated  polvdialkylsiloxane  with  4-
{bromomethyDbenzoyl bromide in the presence of at least one hindered non-
nucleophilic amine and subsequently reacting a thiocarbonylthio anion to form a
polysiloxane-functional RAFT agent having a silicone segment and a dithio
compound on one terminus of said silicone segment;

contacting the polysiloxane-functional RAFT agent with at least one hydrophilic
monomer, a free radical initiator, a cross-linking agent, and an optional solvent;
polymerizing said at least one hydrophilic monomer in the presence of the
polysiloxane-functional RAFT agent to form a hydrophilic secgment on the
polysiloxane-functional RAFT agent, such that the dithic compound is on a
terminal end of said hvdrophilic segment and the silicone scgment is on an
opposite terminus; and

cross-linking the hydrophilic segment during polymerization with a cross-linking

agent.

g1
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The composition of embodiment 11 wherein said block copolymer is formed by

(a) reacting a silane-terminated polydialkylsiloxane with  1-(chloromethyl}-4-
vinylbenzene in the presence of a platinum catalyst and subscquently reacting a
thiocarbonylthio anion to form a polysiloxanc-functional RAFT agent having a
silicone segment and a thiocarbonylthio compound on one terminus of said
silicone segment;

(b} contacting the polysiloxane-functional RAFT agent with at least one hydrophilic
monomer, a frec radical initiator, a cross-linking agent, and an optional solvent;
and

9 polymerizing at least one hydrophilic monomer in the presence of the
polysiloxane-functional RAFT agent to form a hydrophilic segment on the
polysiloxane-~function RAFT agent, such that the dithio compound s on a
terminal end of said hydrophilic segment and the silicone segment is on the
opposite termings; and

() cross-hinking the hydrophilic segment during polymerization.
A process comprising contacting a silicone-containing contact lens with a solution
comprising at least one stable block copolymer that s cross-linked but not
macroscopically gelled in an amount effective to inhibit hipid uptake by the lens
comprising in said polymer’s backbone, a hydrophilic segment that has a degree of
polymerization in the range of about 10 to about 10,000, and a lincar substrate associative
segment on at least one terminal end of said  block copolymer, wherein said substrate
associative segment comprises between about 1 and about 200 repeating units, under
contacting conditions suitable to associate said block copolymer with said silicone-
containing contact lens.

The process of embodiment 35 wherein said contact lens comprises a silicone hydrogel

contact lens.

The process of embodiment 35 wherein said hydrophilic segment has a cross-linker to

primary chain molar ratio in the range of about .01 to about 1.5

The process of embodiment 35 wherein said effective amount is at least about 10 ppm.

The process of ecmbodiment 35 wherein said effective amount is in the range of about 10

ppm to about 10,000 ppm.
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The process of embodiment 35 whercin the lipid uptake by the lens is no more than about

10 pg/lens.

A Process comprising:

(a) forming a rcaction mixturc comprising at least one siliconc-containing
component, at lcast and at least one stable block copolymer that is cross-linked
but not macroscopically gelled, comprising in said polymer’s backbone, a
hydrophilic segment that has a degree of polymerization in the range of about 10
to about 10,000, and a linear silicone segment on at least one terminal end of said
block copolymer, wherein said silicone segment comprises between about 1 and
about 200 siloxy units, and

(b} curing said reaction mixture to forr a contact lens.,

The process of embodiment 41 wherein said reaction mixture further comprises at least

one hydrophilic component.

The process of embodiment 41 wherein said reaction rowxture comprises about 0.1 o

about 50 wit% of the block copolymer.

The process of embodiment 43 wherein said reaction mixture comprises about 1 to about

28 wi% of the block copolymer.

The process of embodiment 44 wherein said reaction mixture comprises about 2 to about

15 wit% of the block copolymer.

An ophthalmic device comprising a silicone-containing polymer and at least one stable,

block copolymer that is cross-linked but not macroscopically gelled comprising in said

block copolymer’s backbone, a hydrophilic segment that has a degree of polymerization

in the range of about 10 to about 10,000, and a lincar substrate associative segment on at

least one terminal end of said block copolymer, wherein said silicone segment comprises

between about 1 and about 200 siloxy units, wherein said block copolymer is associated,

via the lincar substratc associative scgment with a surface comprising at least onc

hvdrophobic site and provides said ophthalmic device with a reduction in lipid uptake

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

The ophthalmic device of embodiment 46 wherein said lipid uptake s less than about 12

ug/lens.

x
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The ophthalmic device of embodiment 47 wherein said lipid uptake is about 10 pg/lens
or less.

The ophthalmic device of embodiment 46 wherein said hydrophilic segment has a cross-
linker to primary chain molar ratio in the range of about 0.01 to about 1.5,

The ophthalmic device of cmbodiment 46 wherein said at lcast onc stable block
copolymer compriscs 6 to 60 siloxy repeat units,

The ophthalmic device of embodiment 46 wherein said hydrophilic segment of said block
copolymer has a degree of polymerization in the range of about 50 to about 5,000,

The ophthalmic device of embodiment 51 wherein said hydrophilic segment of said block
copolymer has a degree of polymerization in the range of about 100 to about 1000,

The ophthalmic device of embodiment 46 wherein hydrophilic segment and the lincar
substrate associative segment comprising a linear silicone are present in sawd block
copolymer in a weight ratio, based upon the degree of polymerization, in the range of
about 1:1 and about 500:1.

The ophthalmic device of embodiment 53 wherein the weight ratio of hydrophilic
segment to the lincar silicone, based upon degree of polymerization is in the range of
about 1:1 and about 200:1.

The ophthalmic device of embodiment 46 wherein said at least one stable block
copolymer comprises 6 to 60 siloxy repeat units.

The ophthalmic device of embodiment 55 wherein said at least one stable block
copolymer comprises 6 to 20 siloxy repeat units.

An ophthalmic solution comprising at lcast one stable block copolymer that is cross-
linked but not macroscopically gelled comprising in said polymer’s backbone, a
hydrophilic scgment has a degree of polymerization in the range of about 10 to about
14,000, and a linear substratc associative segment on at least one terminal end of said
polymer, whercin said lincar substrate associative secgment comprises between about 1
and about 200 siloxy units, wherein said block copolymer is present in an amount
cifective to inhibit lipid uptake and said ophthalmic solution is transparent.

The ophthalmic solution of embodiment 57 wherein said hydrophilic segment has a

cross-linker to primary chain molar ratio in the range of about 8.01 to about 1.5,

g4
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59. The ophthalmic solution of embodiment 57 wherein said at least one stable block
copolymer comprises 6 to 60 siloxy repeat units,
60. The ophthalmic solution of embodiment 59 wherein said at least one stable block

copolymer comprises 6 to 20 siloxy repeat units,

[

61. The ophthalmic solution of cmbodiment 57 wherein said at least one stable block
copolymer 18 present in an amount in the range of about 0.005 and about 2 weight %.

62. The ophthalmic solution of cmbodiment 61 wherein said at least one stable block
copolymer 18 present in an amount in the range of about 0.01 and about 0.5 weight %.

63.  The ophthalmic solution of embodiment 57 wherein said hydrophilic segment of said

10 block copolymer has a degree of polymerization in the range of about 30 to about 1,000,

64,  The ophthalmic solution of embodiment 63 wherein said hydrophilic segment of said

block copolymer has a degree of polymerization 1n the range of about 100 to about 500,

o
(¥

The ophthalmic solution of embodiment 57 wherein the hydrophilic segment and the
linear substrate associative segment comprising a lincar silicone segment are present in
15 satd block copolymer in a weight ratio, based upon the degree of polvmerization, in the

range of about 1.1 to about 500:1.

e
;’.‘T‘\

The ophthalmic solution of embodiment 65 wherein the weight ratio of the hydrophilic
segment to the lincar silicone segment, based upon degree of polymerization is in the
range of about 1:1 to about 200:1.
20 67, A method of making a stable, block copolymer that is cross-linked but not
macroscopically gelled, the method comprising:
(a) contacting {i) a macro controlled radical polymerization (CRP} agent having a
formula
[AJ-CRP
25 wherein [A] is polymer scgment that has an affinity for a medical device and CRP is
functional terminal moiety capable of controlling the polymerization of
unsaturated monomers with (i) at least one hydrophilic monomer, a free radical
initiator, a cross-linking agent, and, optionally, a solvent;
{b) polymerizing the at least one hydrophilic monomer in the presence of the [A}-

30 CRP agent to form a hydrophilic segment on the [A]-CRP agent, such that an
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active portion of the macro CRP agent is on a terminal end of said hydrophilic
segment and the [A] segment is on an opposite terminus; and

{c} cross-linking the hydrophilic segment during or after polymerization.

A method of making a stable, block copolymer that is cross-linked but not

macroscopically gelled, the method comprising:

(a) contacting a substrate associative polymeric free radical initiator with at least onc
hydrophilic monomer, @ monomer that is capable of both propagation and chain
transfer, and optionally, a solvent;

(b} initiating polvmerization of at least one hydrophilic monomer and a monomer
capable of both propagation and chain transfer to forr a hydrophilic segment on
at least one terminus of the substrate associative polymer; and

{c} cross-linking the hydrophilic segment doring polymerization via roonomeric chain

{ransfer.

A composition comprising a water soluble, block copolymer of the following formula:
[AT-B-[Q], wherein

[A]1s a segment that has an affinity for a medical device;

B is a linking group comprising an optionally-substituted, polvvalent linking
group having a molecular weight of no more than 1000 g/roole; and

[Q] comprises a semi-crosslinked, ungelled segment  derived  from
copolymerization of at least one cthylenically unsaturated monomer with a poly-
functional ethylenically unsaturated monomer.
The composition of claim 1, wherein:

the block copolymer is stable, water sohible and c¢ross-linked but not
macroscopically gelled,

[Q] comprises a pharality of crosslinked primary polymer chains each having a
degree of polvmerization in the range of about 18 to about 16,000, and

[A] comprises a lincar substrate associative segment on at least one terminal end

of said block copolymer, wherein said substrate associative segment comprises between

86
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about | and about 1000 repeating units, and said block copolymer is associated, via the
lincar substrate associative segment with a surface of the medical device.

The composition of claim 2, wherein said substrate associative segment is sclected from
the group consisting of a hydrophobic segment, a hydrophilic substrate associative
scgment, a proton donating scgment, a proton acceepting segment, an ionic scgment, a
complexing segment, and a stimuli responsive segment,

The composition of claim 3, wherein the hydrophobic segment comprises siloxy groups.
The composition of claim 3 or 4, wherein the proton donating segment COMpPrises one or
more alcohols.

The composttion of any one of claims 3-3, wherein the proton accepting segment
comprises one or more amides.

The composition of any one of claims 3-6, wherein the ionic segment comprises ong or
more of the following: a carboxvlate, a sulfonate, an amurnonium salt, and a phosphonium
salt.

The composition of any one of claims 3-7, wherein the complexing segment comprises
one or more boronic acid functionalities and/or hydroxyl functionalities.

The composition of any one of claims 3-8, wherein the stimull responsive segment
comprises a polymer selected from the group cousisting of temperature-responsive
polymers, pH responsive polymers, electrolyte responsive polymers, hight responsive
polymers and mixtures thereof,

The composition of claim @, wherein the temperature-responsive polymer 18 poly{N-
isopropylacrylamide} (PNIPAM).

A composition comprising an amphiphilic nanogel material comprising one or more
cross-linked copolymers, whercin said copolymer comprises onc or more hydrophilic
scgments having a degree of polymerization in the range of about 10 to about 18,000, and
wherein said one or more hydrophilic segments contains a lincar silicone segment on at
lcast one terminal end, whercin said lincar silicone segment comprises between about 1
and about 200 siloxy units, and said amphiphilic nanogel material associates via the
lincar silicone scgment, with a surface comprising at least onc partially hydrophobic

substrate.
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The composition of claim 11 wherein said hydrophilic segment of said nanogel has a
degree of polymerization in the range of about 50 to about 5,000

The composition of claim 11 wherein said hydrophilic segment of said nanogel has a
degree of polymerization in the range of about 100 to about 1000,

The composition of claim 11 wherein said hydrophilic segment of said nanogel has a
degree of polymerization in the range of about 100 to about 500

The composition of claim 11 wherein said hydrophilic segment of said nanogel has a
degree of polymerization in the range of about 100 to about 300

The composition of any one of claims 11-15 wherein the hydrophilic segment and the
hinear silicone scgment are present in said nanogel 1n a weight ratio, based upon the
degree of polymerization, in the range of about 1:1 to about 500: 1.

The composition of claim 16 wherein the weight ratio of the hydrophilic segment to the
tinear silicone segment, based upon degree of polymerization, is n the range of about
t:1 1o about 200:1,

The composition of claim 17 wherein the weight ratio of the hydrophilic segment to the
hinear silicone segment, based apon degree of polymerization is in the range of about 1:1
to about 14:1.

The composition of any one of claims 11-18 wherein said hydrophilic segment has a
cross-linker to primary chain molar ratio in the range of about .01 to about 1.5,

The composition of any one of claims 11-19 wherein said hydrophilic segment is cross-
linked to other hydrophilic segments of said amphiphilic copolymer having
polydispersity indices {PDls) of less than about 1.5,

The composition of claim 20 wherein said hyvdrophilic segment is cross-linked by
covalent bonding, ionic bonding, hydrogen bonding, or a combination thereof.

The composition of any onc of claims 11-21 wherein said silicone segment comprises
polydialkylsiloxanc, polydiaryisiloxane, and mixtures thereof.

The composition of claim 22 wherein said alkyl is selected from C-Cy alkyl.

The composition of claim 22 or 23 wherein said polydialkylsiloxane comprises
polydimethylsiloxane or polydicthylsiloxane,

The composition of any onc of claims 11-24 wherein said hydrophilic segment is formed

from mounomers sclected from the group consisting of vinyl amides, vinyl lactones,

%8
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vinylimides, vinvi lactams, hydrophilic {methjacrylates, {methjacrylamides, and mixtures

thereot.

The composition of claim 20 wherein said hydrophilic scgment is cross-linked by a cross-

linking agent sclected from the group consisting of an N, N -alkylenebis{methjacrylamide,

an polyalkylencglyeoldi{methjacrylate, an polyalkylencglycoldi{methlacrylamide, and
combinations thercof.

The composition of any one of claims 11-26 wherein the surface comprising at least onc

partially hydrophobic substrate comprises a silicone hydroge! which comprises a contact

angle of no more than about 50° after said surface has been treated with said amphiphilic
nanogel material,

A method of making a stable, block copolymer that is cross-hnked but not

macroscopically gelled, the method comprising:

(e} reacting a terminally-functionalized polyvdialkylsiloxane with a functional moicty
capable of controlling the polymerization of unsaturated monomers to form a
polvsiloxane-functional controlled radical polymerization (CRP) agent;

) contacting the polysiloxane-functional CRP agent with at least one hydrophilic
monomer, a free radical initiator, a cross-Hinking agent, and, optionally, a solvent;

{2} polymerizing the at least one hydrophilic wonomer in the presence of the
polysiloxane-functional CRP agent to form a hydrophilic segment on the
polysiloxane-functional CRP agent, such that an active portion of the CRP
compound is on a terminal end of said hydrophilic segment and a silicone
segment i8 on an opposite terminuys; and

{(h) cross-linking the hydrophilic segment during polymerization.

The method of claim 28 wherein said CRP agent is a reversible addition fragment transfer

(RAFT} agent.

The method of claim 28 wherein said CRP agent is an atom transfor radical

polymerization (ATRP) agent

The method of claim 28 wherein said CRP agent is a telluride-mediated polymerization

{(TERP) agent

The method of claim 28 wherein said CRP agent is a nitroxide-mediated living radical

polymerization {(NMP} agent.

89
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The composition of claim 11 wherein said block copolymer is formed by

(c)

{f

(g}

{h)

reacting a  hydroxyl alkyl  terminated polydialkylsifoxane with  4-
{bromomethylibenzoyl bromide in the presence of at least one hindered non-
nuclcophilic amine and subscquently reacting a thiocarbonylthio anion to form a
polysiloxane-functional RAFT agent having a silicone scgment and a dithio
compound on ong terminus of said silicone scgment;

contacting the polysiloxane-functional RAFT agent with at least one hydrophilic
monomer, a free radical initiator, a cross-linking agent, and an optional solvent;
polymerizing said at lcast one hydrophilic monomer in the presence of the
polysiloxane-functional RAFT agent to form a hydrophilic segment on the
polysiloxane-functional RAFT agent, such that the dithio compound is on a
terminal end of saiwd hydrophilic segment and the silicone segment s on an
opposite ternunus; and

cross-linking the hydrophilic segment during polymerization with a cross-linking

agent.

The composition of claim 11 wherein said block copolymer s formed by

{c}

H

(g}

{h)

reacting  a silane-terminated polydialkylsiloxane  with  I-(chloromethyl}-4-
vinytbenzene in the presence of a platinum catalyst and subsequently reacting a
thiocarbouyithio anion to form a polysiloxane-functional RAFT agent having a
stlicone segment and a thiocarbonylthio compound on one terminus of said
silicone segment;

contacting the polysiloxane-functional RAFT agent with at least one hydrophilic
monomer, a frec radical initiator, a cross-linking agent, and an optional solvent;
and

polymerizing at least onec hydrophilic monomer in the presence of the
polysiloxane-functional RAFT agent to form a hydrophilic secgment on the
polysiloxane-function RAFT agent, such that the dithio compound is on a
terminal end of said hydrophilic scgment and the silicone segment is on the
opposite terminus; and

cross-tinking the hydrophilic scgment during polymerization.
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A process comprising contacting a silicone-containing contact lens with a solution

comprising at lecast onc stable block copolymer that is cross-linked but not

macroscopically gelled in an amount cffective to inhibit lipid uptake by the lens

comprising in said polymer’s backbone, a hydrophilic segment that has a degree of

polymerization in the range of about 10 to about 10,000, and a lincar substrate associative

segment on at least one terminal end of said block copolymer, wherein said substrate

associative scgment comprises between about 1 oand about 200 repeating units, under

contacting conditions suitable to associate said block copolymer with said silicone-

containing contact lens,

The process of claim 35 wherein said contact lens comprises a silicone hydrogel contact

fens.

The process of claim 35 or 36 wherein said hydrophilic segrment has a cross~linker to

primary chain molar ratio in the range of about .01 to abouat 1.5,

The process of any one of claims 353-37 wherein said effective amount 15 at feast about 10

ppm.

The process of any one of claims 35-39 wherein said effective amount is in the range of

about 10 ppm to about 10,000 ppm.

The process of claim 35 wherein the Hipid uptake by the lens is no more than about 18

ug/lens.

A process comprising:

{c) forming a reaction mixture comprising at least one silicone-containing
component, at feast and at lcast one stable block copolymer that is cross-linked
but npot macroscopically gelled, comprising in said polymer’s backbone, a
hydrophilic segment that has a degree of polymerization in the range of about 10
to about 10,000, and a linear silicone segment on at least one terminal end of said
block copolymer, wherein said silicone segment comprises between about 1 and
about 200 siloxy umits, and

(d} curing said reaction mixture to form a contact lens.

The process of claim 41 wherein said reaction mixture further comprises at least one

hydrophilic component.
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111

112.

114.

{1s.

116.
117.

11&.

119.

120.

121.

The process of claim 41 or 42 wherein said reaction mixture comprises about 8.1 to about
50 wi% of the block copolymer.

The process of claim 43 whercin said reaction mixture comprisces about 1 to about 20
wi% of the block copolymer.

The process of claim 44 whercin said reaction mixture compriscs about 2 to about 15
wt% of the block copolymer.

An ophthalmic device comprising a silicone-containing polymer and at least onc stable,
block copolymer that is cross-linked but not macroscopically gelled comprising in said
block copolymer’s backbone, a hydrophilic scgment that has a degree of polymerization
in the range of about 10 to about 13,000, and a lincar substrate associative segment on at
least one termunal end of said block copolymer, wherein said silicone segment comprises
hetween about 1 and about 200 siloxy units, wherein said block copolymer 15 associated,
via the lincar substrate associative segment with a surface comprising at least one
hydrophobic siie and provides said ophthalmic device with a reduction n hipid uptake
compared to the sitlicone-containing polymer of at least about 20%.

The ophthalmic device of claim 46 wherein said lipid uptake s less than about 12
ug/lens.

The ophthalmic device of claim 47 wherein said Hipid uptake s about 18 ug/lens or less.
The ophthalmic device of any one of claims 46-48 wherein said hydrophilic segment has
a cross-linker to primary chain molar ratio in the range of about 0.81 to about 1.5

The ophthalmic device of any one of claims 46-49 wherein said at least one stable block
copolymer comprises 6 to 60 siloxy repeat units.

The ophthalmic device of any one of claims 46-50 wherein said hydrophilic segment of
said block copolymer has a degrec of polymerization in the range of about 50 to about
5,600.

The ophthalmic device of claim 51 wherein said hydrophilic segment of said block
copolymer has a degree of polymerization in the range of about 100 to about 1600,

The ophthalmic device of any one of claims 46-52 whercin hydrophilic segment and the
hinear substrate associative segment comprising a linear silicone are present in said block
copolymer in a weight ratio, based upon the degree of polymerization, in the range of

about 1:1 and about 3060:1.
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122.

123.

124.

125.

126.

,..A
3
~3

132.

The ophthalmic device of claim 53 wherein the weight ratio of hydrophilic segment to the
lincar silicone, based upon degree of polymerization is in the range of about 1.1 and
about 200:1.

The ophthalmic device of any onc of claims 46-54 wherein said at least one stable block
copolymer comprises & to 60 siloxy repeat units.

The ophthalmic device of claim 55 wherein said at least onc stable block copolymer
comprises 6 to 20 siloxy repeat units,

An ophthalmic solution comprising at lcast onc stable block copolymer that 18 cross-
linked but not macroscopically gelled comprising in said polymer’s backbone, a
hydrophilic segroent having a degree of polymerization in the range of about 10 to about
10,000, and a livear substrate associative segment on at least one terminal end of said
polymer, wherein said hinear subsirate associative segment comprises between about |
and abouot 200 sidoxy units, wherein said block copolymer is present in an amount
effective to reduce lipid uptake of an ophthaluic device contacted with said solution and
said ophthalmic solution is transparent,

The ophthalmic solution of claim 57 or 58 wherein said hydrophilic segment has a cross-
tinker to primary chain molar ratio in the range of about 0.01 to about 1.5,

~
I
/

The ophthalmic solution of ¢laim 57 wherein said at least one stable block copolvmer
comprises 6 to 60 siloxy repeat units,

The ophthalmic solution of ¢laim 59 wherein said at least one stable block copolvmer
comprises 6 to 20 siloxy repeat units,

The ophthalmic solution of any one of claims 57-60 wherein said at lcast one stable block
copolymer is present in an amount in the range of about $.005 and about 2 weight %.

The ophthalmic solution of claim 61 wherein said at least one stable block copolymer is
present in an amount in the range of about .01 and about 0.5 weight %.

The ophthalmic solution of any one of claims 57-62 wherein said hydrophilic segment of
said block copolvmer has a degree of polymerization in the range of about 50 to about
£000.

The ophthalmic solution of claim 63 wherein said hvdrophilic segment of said block

copolymer has a degree of polymerization in the range of about 100 to about 500.
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135.

139,

The ophthalmic solution of any one of claim 57-64 wherein the hydrophilic segment and
the lincar substrate associative segment comprising a lincar silicone segment are present
in said block copolymer in a weight ratio, based upon the degree of polymerization, in the
range of about 1:1 to about 500:1.

The ophthalmic solution of claim 65 wherein the weight ratio of the hydrophilic segment
to the lincar silicone scgment, based upon degree of polymerization is in the range of
about 1:1 to about 200:1.

~
7
7

The ophthalmic solution of any onc of claims 57-66 wherein said ophthalmic devicc is a
contact lens formed from a reaction mixturc comprising at least one hydrophobic
component.

The ophthalmic solution of any one of claims 58-67 where said contact lens corprises a

silicone hydrogen.

The ophthalmic solution of claim 68 wherein said contact lens 15 uncoated.

A method of making a stable, block copolymer that is cross-linked but not

macroscopically gelled, the method comprising:

{d) contacting (i) a macro controlled radical polymerization (CRP) agent having a
formula

{AJ-CRP

wherein [A] is polvmer scgment that has an affinity for a medical device and CRP is
functional terminal motety capable of controlling the polymerization of
unsaturated monomers with (i1} at least one hydrophilic monomer, a free radical
initiator, a cross-linking agent, and, optionally, a solvent;

(e} polymerizing the at least one hydrophilic monomer in the presence of the [Al-
CRP agent to form a hydrophilic segment on the JA]-CRP agent, such that an
active portion of the macro CRP agent is on a terminal end of said hydrophilic
segment and the [A] segment is on an opposite torminus; and

() cross-linking the hydrophilic segment during or after polymerization.

A method of making a stable, block copolymer that is cross-linked but not

macroscopically gelled, the method comprising:
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140.

141.

142.

144.

145.

(d} contacting a substrate associative polymeric free radical initiator with at least one
hydrophilic monomer, a monomer that is capable of both propagation and chain
transfer, and optionally, a solvent;

() initiating polymerization of at lcast onc hydrophilic monomer and a8 monomer
capable of both propagation and chain transfer to form a hydrophilic segment on
at lcast one terminus of the substrate associative polymer; and

() cross-linking the hydrophilic segment during polymerization via monomeric chain
transfer.

The process of claim 72 or any onc of 35-40, whoerein said contact lens is not pretreated

prior to said contacting step.

The process of claim 35, further comprising contacting said contact lens with a sccond
sohution comprising a second polymer under conditions suitable to bond or associate said

sccond polymer with said block copolymer.

~
7
7

The process of claim 73, wherein said sccond polymer is selected from the group
consisting of lincar, branched or crosslinked polymers comprising group capable of

bonding to or associating with said block copolymer.

The process of claim 74, wherein said block copolymer comprises proton donating groups

in said hydrophilic segment and said second polymer comprises proton receiving groups.

The process of claim 75 wherein said sccond polymer is selected from the group
consisting of poly-N-vinyl pyrrolidone, poly-N-vinyl-2- piperidone, poly-N-vinyl-2-
caprolactam, poly-N-vinyi-3-methyl-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-pyrrolidone, polyvinyhimidazole,
poly-N-N-dimethylacrylanude, polyvinyl alcohol, polyethylene-oxide, poly-2-cthyl-
oxazoline, heparin polysaccharides, polysaccharides, and mixtures and copolymers

thereof,

The process of claim 74, wherein said block copolvmer comprises proton receiving grouns
Tt fcl 74, wh d block iy i g

in said hydrophilic segment and said second polymer comprises proton donating groups.
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146. The process of claim 74 wherein said at least one second polymer is present in the solution

in concentrations up to about 50,000 ppm.

147. The process of any one of claims 74-77 wherein said at least one second polymer is

present in the solution in concentrations between about 10 and 5000 ppm.

5 148, The process of any one of claims 74-79 wherein said sccond contacting step is conducted

at a pH between about 6 and about 8.

149,  The composition of any one of claims 1-10 wherein block copolymer has primary chains,

¢, represented by the formula

S
6= Ryt—A—X—Rg ;{G}{:D:}{E}} 8 /’/;/
\ o I 3 i y m \
B Tw Rlys 24 fp
\ {i‘v J
Q
10 wherein

Ry is selected from the group consisting of substitated and unsubstituted C; 4 alkyl;
A is selected from the group consisting of hnear dialkyl or diaryl polysiloxanes having 6-
1,000 repeating units, and alkylenes having 2 to 25 carbon atoms which may be optionally
substituted with atoms selected from S, O, N, P and combinations thereof
15 Rs 18 a free vadical leaving group that initiates free radical polymerization;
X s selected from ~O-(COY-, (COYO~, -NR~{CO}-, (CONRg-, -0, Cy 1z alkylene, Ciy
alkylene or a direct bond;
G is a polvmerization residue of at least one hydrophilic monomer;
{3 is a polymerization residuc comprising at least one reactive group, R'y5
24 E is a polymerization residue comprising Rys a residuc of a crosslinker which has
polymerized with another polymer segment

a, B, v are relative molar amounts (in mole fraction) of G, I, and E;
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Z is sciected from the group consisting of hydrogen, chlorine, fluorine, optionally substituted
alkyl, optionally substituted aryl, optionaliy substituted heterocyclyl, optionally substituted
alkylthio, optionally substituted alkoxy, optionally substituted alkoxycarbonyl, optionally
substituted arvloxycarbonyl (-COOR™), carboxy (-COQH), optionally substituted acyloxy
(-O,CR™), optionally substituted carbamoyl (-CONR™;), cyano (-CN), dialkyi- or diaryl-
phosphonato [-P(=0}OR"),], dialkyl- or diaryl-phosphinato [-P(=0}OR”);], and a polymer
chain formed by any mechanism;

i 18 another primary chain that 15 cross-linked to a primary chain, |

tis 1 or an integer greater than 1; and p is 1 or an integer greater than 1.

150. The composition of claim ST wherein G is a residuc of at least one hydrophilic monomer
selected from the group consisting of N-vinyi pyrrolidone, N-vinyl-2- piperidone, N-vinyl-
2~caprolactamy, N-vinyl-3-methyl-2- caprolactam, N-vinyl-3-methvl-2-piperidone, N-vinyl-
4-methyl-2- piperidone, N-vinyl-4-methyl-2-caprolactam, N-vinyl-3-¢thyl-2- pyrrolidone,
N-vinyl-4,5-dimethyl-2-pyrrolidone, vinylimidazole, N-N-dimcthylacryvlamide,
acrylamide, N, N-bis{2-hydroxycthyhacrylamide, acrylonitrile, N-isopropyl acrylanmuide,
vinyl acctate, (meth)acrylic acid, polyethylene glyveol (methjacrylates, 2-cthyl oxazoline,
N-(2-hydroxypropyl) (meth)acrylamide, N-(2-hydroxyethyl) (methjacrylamide, 2-
methacryloyloxyethyi phosphorylcholine, 3-(dimethyl{4-vinylbenzyllammonio)propanc-
i-sulfonate (DMVBAPS), 3-((3-acrylamidopropy hdimethylammonio jpropane- I -sulfonate
{AMPDAPS), 3~((3-methacrylamudopropy D dimethylammoniopropane- L-sulfonate
{(MAMPDAPS), 3-{({(3-{acrylovioxyipropyvlidimethylammonio ypropane- 1 -sulfonate
{APDAPS), methacrvioyloxy jpropylidimethylaramoniojpropane- f-sulfonate
(MAPDAPS), N, N-dirnethylanminopropyl{methjacrylamide, N-vinyl-N-methylacctamide,
N-vinylacetamide, N-vinvl-N-methylpropionamide, N-vinyl-N-methyi-2-
methylpropionamide, N-vinyl-2-methvipropionamide, N-vinvl-N NV -dimethylurea, and

the Like, and mixtures thereof,

151, The composition of claim 81 wherein G s a residue of at least one hydrophilic monomer
selected from the group consisting of N-vinyl pyrrolidone, N-vinyi-N-methylacetamide, 2-
methacrvioyvioxyethyl phosphorvicholine, {methjacrylic acid, N, N-dimethylacrylamide, N-

hydroxypropyt mcthacrylarmide, mono-glycerol methacrylate, 2-hydroxyethyl acrylamide,
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bishydroxyethyl acryvlamide, and 2,3-dihydroxypropyl {meth}acryiamide and the like and

mixtures thereof

The composition of claim 82 or 83 wherein G further comprises a residue of at least one
charged monomers selected from the group consisting of methacrylic acid, acrylic acid, 3-
acrylamidopropionic acid (ACA1), 4-acrylamidobutancic acid, S-acrylamidopentanoic
acid (ACAZ), 3-acrylamido-3-methylbutanoic acid {AMBA)}, N-vinyloxycarbonyl-a-
alanine, N-vinyloxycarbonyl-f-alanine (VINAL), 2-vinvi-4,4-dimethyl-2-oxazolin-5-one
{(VDMO), reactive sulfonate salts, inchuding, sodium-2-(acrvlamido}-2-methylpropanc
sulphonate {AMPS), 3-sulphopropyl (meth)acrylate potassium salt, 3-sulphopropyl
{meth)acryiate sodium salt, bis 3- sulphopropyl itaconate di sodium, bis 3- sulphopropyl
itaconate di potassium, vinyl sulphonate sodium salt, vinyl sulphonate salt, styrenc

sulfonate, sulfocthyl methacrylate, and combinations thereof.

The composition of claim 81 where G, D and E arc repeating units of the formulac

B

wherein U is selected from the group consisting of hydrogen, halogen, Ci-Cy alkyl which

may be optionally substituted with hydroxyl, alkoxy, aryloxy (OR™), carboxy, acyloxy,

aroyloxy (O,CR”), alkoxy-carbonyl, arvloxy-carbonyl (C(O)R”) and combinations thereof,

V is selected from the group consisting of hyvdrogen, R”, COH, COR”, COR”, CN,

CONH,, CONHR”,CONR”,, O,CR”, OR” and halogen; cyclic and acyclic N-vinyl amides

and combinations thereof;

R” is independently selected from the group consisting of optionally substituted Ci-Cyg

alkyl, Co-Cis alkenyl, arvl, heterocyelyl, alkaryl wherein the substituents are independently

sclected from the group that consists of epoxy, hydroxyl, alkoxy, acyl, acyloxy, carboxy and
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carboxylates, suifonic acid and sulfonates, alkoxy- or aryloxy-carbonyl, isocyanato, cyano,

silyl, halo, and dialkylamino; phosphoric acid;

Ris is any carbon-containing structure that comprises a cross-fink between two (-chains,

and is dertved from R'ys. and

R’1s is any carbon-containing structure containing at least one group capable of forming a

covalent, ionic or hydrogen bond with other {-chains.

134, The composition of claim &5, whercin

R; is selected from the group consisting of substituted and unsubstituted Cy_j¢ alkyl;

A 18 selected from the group consisting Hoear dialkyl or diaryl polysiloxanes of 6-200;

Ry is selected from divalent groups selected from the group consisting of optionally
substituted alkvlene; optionally substituted saturated, unsaturated or aromatic carbocyclic or
heterocyclic rings; optionally substituted alkylthio; opticnally substituted alkoxy; or
optionally substituted dialkylamine;

U is selected from the group consisting of H, methyl;

R” is selected from the group consisting of methyl, pyrrolidonyl, -N-{CHs),, -N{CH;)-
COCH;: (N-viny! acetamide), -CH,CH,-COOH, -CH,CH,CH,-COOH, —-CH,CH,CH,CH,-
COOH, -{CHz)p-CHL-SOsH, (CHip-CH-COH ,  -CHCHCH -+ N{CH; )-CHCHCHL-805 7,
~CHQCHZCHQ-*N(C‘H;)Z—CHQC‘HQ—COQ' , ~CHQCHQCHZ~+N( CHz)y, and combinations thereof; and

R'js comprises one or more unsaturated bonds.

155, The composition of claim &5 wherein
R; 18 selected from the group consisting of substituted or unsubstituted Cy s alkyl groups;
A 18 selected from the group counsisting linear dialkyl or diary] polysiloxanes of 6-20
repeating units;

Rs 18 selected fromo optionally substituted benzyl, optionally substituted phenyl,
cthanoate, optionally substituted propionate, 4-cyanopentanoate, or isobutyroate
functionalitics;

V is selected from ~-N-{CHa),.
156. The composition of any one of claims 8§1-87 wherein 7 comprises a switchable functional

group,
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157,  The composition of claim 1 wherein block copolymer has primary chains, §, represented

by the formula

- / N WA W
= Ry e X R G Do R,
3 \E_\ u\il’g\s,’vjm 4
B ?15 Hiysg t /o
3 :‘Y J
Q

wherein

R; s selected from the group consisting of substituted and unsubstitated C; 24 alkyl;

A s selected from the group consisting of linear dialkyl or diaryl polysiloxanes having 6-
1,000 repeating units, and alkylenes having 2 to 25 carbon atoms which may be optionally
substituted with atoms selected from 8, O, N, P and combinations thereof]

Re 1s a free radical leaving group that initiates free radical polymerization;

X s selected from —~0-(CO)-, {CO0-, -NRg-(CO}~, {(COINRg~, -O-, Cyyp alkylene, Ciy
alkviene or a direct bond;

(3 i3 a polymerization residue of at least one hydrophilic monomer;

B is a polymerization residue comprising at least one reactive group, R'ys

E is a polymerization residue comprising Rys a residue of a crosslinker which has
polymerized with another polvmer segment

Ry 18 any agent capable of controlling polymerization.

a, B, v are relative molar amounts (in mole fraction) of G, D, and E; and
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tis 1 or an integer greater than 1) and p is 1 or an integer greater than 1.
158. The composition of claim &9 whercin Ryy is selected from the group consisting of

monovalent RAFT agents, ATRP agents, TERP agents and NMP agents,
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