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USING THE SAME 
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13/840919, filed on March 15, 2013, entitled "POLYMERS AND N ANOGEL MATERIALS 

AND METHODS FOR MAKING AND USING THE SAME"; U.S. Provisional Patent 

10 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 

15 HYDROXYALKYL) (METH)ACRYLAMIDE POLYMERS OR COPOLYMERS"; and U.S. 

Patent Application No. 13/899676 filed May 22, 2013, entitled "CONTACT LENSES 

COMPRISING WATER SOLUBLE A'-(2 HYDROXY ALKYL) (METH)ACRYLAMIDE 

POLYMERS OR COPOLYMERS"; the contents of which are incorporated by reference, 

20 TECHNICAL FIELD 

[0001] The present invention relates to copolymers that are cross-linked but not 

niacroscopieally gelled. The copolymers do not have separate terminal segments which can 

associate with a polymeric substrate. Such copolymers can be amphiphilic or hydrophilic. 

Nanogel materials are also provided. These copolymers and nanogel materials may be 

25 incorporated into a variety of substrates, including medical devices, to improve the wettability 

and lubricity and inhibit protein and/or lipid uptake thereof. 

BACKGROUND 

[00021 C ontact lenses have been used commercially to improve vision since the 1950s. 

30 The first contact lenses were made of hard materials. Although these lenses are currently used, 
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they are not widely used due to their poor initial comfort and their relatively low permeability to 

oxygen. Later developments in the field gave rise to soft contact lenses, based upon hydrogels. 

Many users find soft lenses are more comfortable, and increased comfort levels allow soft 

contact lens users to wear their lenses for longer hours than users of hard contact lenses, 

5 [0003] Another class of available contact lenses is silicone hvdrogel contact lenses. 

Silicone-containing components are combined with conventional hydrogel components to form 

silicone 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. 

10 [0004] Various compounds have been disclosed as suitable for treating preformed 

silicone hydrogel contact lenses including surface active segmented block copolymers, 

substantially water-soluble silicone-containing surfactants* functionalized hybrid PDMS/polar 

amphipathic copolymer block systems, including polydimethylsiloxane-PVP block copolymers 

and (meth)acrylated polyvinylpyrrolidone. U.S. Patent Appln. Ser. No. 2011/0275734 is 

15 directed to "non-reactive, hydrophilic polymers having terminal siloxanes," which have linear or 

branched hydrophilic segments.. There remains a need for methods for improving the properties 

of contact lenses and particularly silicone hydrogel contact lenses. 

SUMMARY OF THE INVENTION 

20 [0005] The present invention relates to compositions comprising, consisting and 

consisting essentially of at least one hydrophilic nanogel material comprising, consisting and 

consisting essentially of one or more cross-linked copolymers, wherein said copolymer 

comprises, consists and consists essentially of one or more primary polymer chain having a 

degree of polymerization in the range of about 10 to about 10,000, and wherein said hydrophilic 

25 nanogel material (a) associates, with a surface and (b) is free from terminal substrate associating 

segments. 

The present invention farther relates to ophthalmic devices comprising, consisting and 

consisting essentially of at least one silicone-containing polymer and at least one water soluble, 

cross-linked copolymer comprising, consisting and consisting essentially of a plurality of 

30 primary polymer chains each having a degree of polymerization in the range of about 10 to about 

10,000, wherein said copolymer is associated with at least one surface of said ophthalmic device 
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and provides said ophthalmic device with a reduction in lipid uptake compared to the silicone-

containing polymer of at least about 20%. 

[0006] The present invention relates to a process comprising, consisting and consisting 

essentially of contacting a contact lens with a solution comprising, consisting and consisting 

5 essentially of a lipid uptake reducing amount of at least one water soluble, crosslinked 

copolymer under contacting conditions suitable to associate said copolymer with said contact 

lens; wherein said cross-linked copolymer comprises, consists and consists essentially of a 

plurality of crosslinked primary polymer chains each having a degree of polymerization in the 

range of about 10 to about 10,000, wherein said crosslinked copolymer does not comprise 

10 repeating units comprising a earboxylie acid group bonded directly to the polymer backbone. 

The present invention further related to a process comprising, consisting and consisting 

essentially of: forming a reaction mixture comprising at least one hydrophilic component, at least 

and at least one water soluble, cross-linked copolymer comprising, consisting and consisting 

essentially of a plurality of primary polymer chains each having a degree of polymerization in 

15 the range of about 10 to about 10,000, and curing said reaction mixture to form, a contact lens. 

The compositions of the present invention comprising, consisting and consisting essentially of 

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

Si 

wherein Rj is a divalent group selected from the group consisting of optionally substituted 

20 alkylene; optionally substituted saturated, unsaturated or aromatic carbocyclic or heterocyclic 

ring's; optionally substituted alkylthio; optionally substituted alkoxy; or optionally substituted 

dialkylamino; 

U is independently selected from the group consisting of hydrogen, halogen, C1-C4 alky! which 

may be optionally substituted with hydroxy!, alkoxy, aryloxy (OR"), carboxy, acyloxy, aroyloxy 

25 (O2CR"), alkoxy-carbonyl, aryloxy-carhonyl (CO2R") and combinations thereof 
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V is independently selected from the group consisting of R", -CO2R", -COR", -CN, -CONH2, -

CONHR", -CONR"2, -O2CR", -OR", cyclic and acyclic N-vinyl amides and combinations 

thereof; 

R" is independently selected from the group consisting of optionally substituted Cj-Cis alkyl, C2-

5 Cig alkenyl, aryl, heterocyclyl, alkaryl wherein the substituents are independently selected from 

the group that consists of epoxy, hydroxyl, alkoxy, acyl, acyloxy, earboxy, carboxylate, sulfonic 

acid, and sulfonate, alkoxy- or aryloxy-carbonyl, isocyanato, cyano, silyl, halo, dial kyl ami no; 

phosphoric acids, phosphates, phosphonic acids, phosphonates and combinations thereof; 

Ris" and R{5 are residues of hydrophilic, free radical reactive cross-linking agents; 

10 Rjg is a controlled radical polymerization agent and in some embodiments R-§g is selected from 

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

Ci, is another primary chain, are mole fractions, and a is equal to about 0.85 to about 0.999, p is 

not 0, and the mole fractions of p and y combined are about 0.15 to about 0.00!. 

In another embodiment the compositions of the present invention comprise, consist and consist 

15 essentially of water soluble, crosslinked polymers having primary chains, C, represented by the 

formula 
U . li , U 

Wherein Rj,U„ V, RJ5, Rj5--, a, p, y and m are as defined above. 

[0007] The compositions impart excellent wettability and lubricity along with reduced 

20 protein and/or lipid update, and polymeric articles associated with the same. Methods of making 

and using these compositions are also disclosed. Compositions comprise semi-crosslinked, 

ungelled copolymer which may be crosslinked after formation of the polymer chains, or may be 

derived from copolymerization of at least one ethylenically unsaturated monomer with a poly-
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functional ethylenically unsaturated monomer. Such copolymers can be used as nanogel 

compositions that contain at least one stable, block copolymer that is cross-linked but not 

macroscopically gelled. The copolymers when preformed prior to crosslinking have a degree of 

polymerization of in the range of about 10 to about 10,000. The copolymers of the present 

5 application may be included in the reactive mixture from which the ophthalmic device is made, 

or may be associated with ophthalmic device after the ophthalmic device is formed. 

Incorporation of at least one copolymer of the present invention on or in the ophthalmic device 

provides an improvement in at least one property of said ophthalmic device, such as a reduction 

in lipid uptake compared to only the substrate, of at least about 20%. The copolymers can be can 

10 be amphiphilic or hydrophilic. 

[0008] Also provided are methods of inhibiting or reducing lipid uptake by a contact 

lenses, the methods comprising contacting the contact lenses with a solution comprising at least 

one water soluble, crosslinked copolymer having a degree of polymerization of about 10 to about 

10,000, under conditions to entrap or associate said water soluble, crosslinked copolymer with 

15 said contact lens, 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a graph of the molecular wreight vs. lipid uptake for senofilcon A lenses treated with 

PVP-Siloxane copolymers. 

20 DETAILED DESCRIPTION 

[0009] Before describing several exemplary embodiments of the invention, it is to be 

understood that the invention is not limited to the details of construction or process steps set forth 

in the following description. The invention is capable of other embodiments and of being 

practiced or being carried out in various ways. 

25 [0010] It has been found that despite advances made by the use of previously developed 

non-reactive, hydrophilic polymers having terminal siloxanes, which have linear, branched or 

combed hydrophilic segments, in reducing lipid and/or protein uptake and enhancing lubricity 

and wettability of contact lenses, a limit on improved properties is reached as molecular weight 

increases. FIG. I depicts this limit with respect to molecular weight. From, the plot in Figure 1, 

5 
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it is apparent that for senofilcon A lenses treated with PVP-Siloxane copolymers with increasing 

molecular weights, the lipid uptake decreases to a minimal level of about 15 tig/lens when the 

hydrophilic 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 lipid 

5 uptake on senofilcon A is observed, 

[0011] Surprisingly, it has been found that polymer nanogels haying cross-linked or 

"bridged" hydrophilic segments, without separate substrate associating segments can lead to 

contact lenses with improved properties, for example, reduced lipid and protein update as well as 

lower friction. Also, it is thought that choice of cross-linking agent and degree of cross-linking 

10 can be tailored according to desired applications and specific substrate material, 

[0012] As used herein "associated'" means that the copolymer is retained in or on the 

substrate without covalent bonding. Associated may include physical 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 

15 found that the association between the semi-crosslinked block copolymers and the substrate 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 lenses through the 

desired wear cycle, including in embodiments where the contact lens is a reusable lens, through 

cleaning with a digital rub. 

20 [0013] As used herein "associative segment" means a portion of the terminal segment of 

the polymer that is retained or associated in or on a surface, region, or segment of a substrate. 

An associative segment can be hydrophilic or hydrophobic. 

[0014] As used herein "non-reactive" means the WSC polymer lacks functional groups 

which form covalent bonds under the reaction, storage and use conditions. For example, when 

25 the hydrophilic polymer is contacted with a substrate such as a contact lens before autoclaving, 

very few (less than lwt%) of the WSC polymers contain residual reactive groups. Even if 

residual groups were present, the contacting conditions lack the initiators necessary to catalyze 

free radical reactions. Thus, the WSC is incapable of forming covalent bonds with the substrate. 

It will be appreciated by those of skill in the art that while a very small number of WSC polymer 

30 (less than 5 wt%, and less than I wt%) may have a residual reactive group, there are too few 

residual reactive groups to associate desirable or functional amounts of the crosslinked nanogel 
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with the substrate. The vastly predominating effect keeping the WSC polymer associated with 

the substrate is entrapment of at least a portion of the WSC polymer'. 

[0015] The term "cross-linked" refers to the attachment of a polymer chain to one or 

more polymer chain(s) via a bridge or multiple bridges, composed of either an element, a group 

5 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-linking would include the in situ formation of cross­

links during a free-radical copolymerization of a mono-vinyl monomer and monomer containing 

10 multiple (i.e. 2 or more) vinyl substituents. Such a polymerization would result in the covalent 

cross-linking of multiple polymer chains to each other and (depending on the extent of monomer 

conversion and mol ar quantity of the cross-linker) the formation of a macroscopic gel. 

[0016] Ionic cross-linking of polymer chains may occur in situ (i.e. during 

polymerization) or post-polymerization. The latter case may occur when an aqueous solution 

15 containing a polymeric cationic material is added to an aqueous 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 complexes. The solubility of such complexes is predominately governed by 

the stoichiornetry of positive and negative charge. Formation of such ionic cross-links between 

20 polyanionic and polycationic materials in solution is well known to those skilled in the art. The 

former case of ionic cross-linking may occur when a mono-vinyl monomer is copolymerized 

with a di-vinyl cross-linker that is composed of two ethylenically unsaturated monomers which 

are connected to each other via an ionic bond. Such "ionic cross-linkers" may be formed by 

combining an ethylenically unsaturated monomer containing an acidic (e.g. a carboxylic acid) 

25 moiety with an ethylenically unsaturated monomer containing a basic moiety (e.g. a tertiary 

amine) through simple acid/base chemistry to form a monomer-monomer complex or clivinyl 

covalent organic salt. 

[0017] In the context of the disclosed invention, cross-linking via hydrogen bonding may 

occur when a polymer with multiple proton-donating moieties is combined in solution with a 

30 polymer with multiple proton-accepting moieties. In such embodiments, the two polymers are 

able to form soluble or insoluble complexes, depending on the ratio of proton-donating groups to 
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proton-accepting groups in the complex, as well as the abundance of additional solubiiizing or 

non-solubiiizing moieties present on the polymer chains. 

[0018] As used herein "nanogd" means submicron hydrogel particles which are soluble 

or indefinitely dispersible at room temperature in aqueous solutions. The solubility of a solution 

5 may be confirmed by making a 1 wt% of the crosslinked nanogel in water and filtering the 

solution through a 0.45 micron nylon syringe filter, such as those available from Whatman or 

Pall Membranes. Aqueous solutions (2 and in some cases 5 wt%) may be desirable. Solutions 

which are soluble will maintain at least about 90% and in some embodiments at least about 95%, 

99% of said nanogel in solution. In one or more embodiments, the solutions are clear. In one 

10 embodiment the aqueous solution 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 %, 

[0019] The water soluble, crosslinked (WSC) polymers or nanogels are in a 

15 macroscopically ungelled state, making them soluble in aqueous solutions, including ophthalmic 

solutions and compositions. The WSC polymers 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 

WSC polymer to be ungelled once it is incorporated or associated with the contact lens. 

20 However, for ophthalmic solutions, the WSC polymer generally remains ungelled throughout 

storage, and in some embodiments, use. Small quantities of gelled polymer (less than about 5 

wt%) may be acceptable, and in some solutions, if the amount of gelled polymer is too great, it 

can be removed by processes known in the art, such as filtration. 

[0020] Embodiments of water soluble, crosslinked polymers provided herein are 

25 randomly cross-linked among and along the hydrophilic polymer chains. Agents used for cross-

linking are termed cross-linking agents or cross-linkers. 

[0021] As used herein, "at least partially hydrophobic polymer matrices" are those which 

comprise repeating units derived from hydrophobic components such as hydrophobic monomers, 

maeromers and prepolymers. Hydrophobic components are those which are not soluble in water, 

30 and which when homopolvmerized or polymerized with only other hydrophobic components 

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

stents, catheters and the like. . Examples of hydrophobic monomers, macromers and 

prepolymers are known and include monomers, macromers and prepolymers containing silicone 

5 groups, siloxane groups, unsubstituted alkyl groups, aryl groups and the like. Specific examples 

include silicone containing components such as monomethacryloxypropyl terminated mono-n-

butyl terminated polvdimethylsiloxanes (800-1000 MW) (mPDMS), monomethacryloxypropyl 

terminated mono-n-methyl terminated polydimethylsiioxanes* TRIS, methyl methacrvlate, lauiyl 

methaerylate, and the like. 

10 [0022] 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 either the wetting agent or the combination of the wetting agent and 

polymer substrate. For example, ester bonds between the siloxane segment and the polymer 

segment are in some embodiments undesirable. The autoclaving may be conducted dry or in the 

15 presence of an ophthalmic ally compatible saline solution, such as, but not limited to borate or 

phosphate buffered saline. 

(00231 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 

20 polydispersities of less than about 1.3, and in others in the range of about 1.05 to about 1.3. It 

should be appreciated by those skilled in the art that the individual near-monodisperse primary 

chains are statistically cross-linked to one another during polymerization, and as such, the 

resulting water soluble, cross-linked, polymer clusters will have polydispersity values in excess 

of 1.5. 

25 [0024] As used herein, "degree of polymerization" means the number of repeating units 

per polymer molecule or polymeric segment. For example, in one or more embodiments, the 

copolymers of the present invention (prior to crosslinking) can have a degree of polymerization 

in the range of about 10 to about 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 

30 to about 300). 
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[0025] As used herein, "cross-linker to primary chain molar ratio" (XL:C,-PC) refers to 

the number of moles of cross-linker used during preparation of the copolymer in a ratio with the 

number of moles of primary chain used in the preparation. The number of primary chains is 

determined by the molar amount of controlled radical polymerization (CRP) agent, or control 

5 agent, present. Specific embodiments include a cross-linker to primary chain molar ratio in the 

range of about 0.005 to about 10 (or about 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 limited to: reversible addition 

fragment transfer (RAFT) agents; atom transfer radical polymerization (ATRP) agents; telhiride-

mediated polymerization (TERP) agents; and/or nitroxide-mediated living radical polymerization 

10 (NMP) agents. 

[0026] As used herein, "segment" or "block" refers to a section of polymer having 

repeating units with similar properties, such as composition or hydrophilieity, 

[0027] As used herein, "silicone segment" refers to -[SiO]-, The Si atom in each ~[SiO]-

repeating unit may be alkyl or aryl substituted, are preferably substituted with CM alkyl, and in 

15 one embodiment are substituted with methyl groups to form a dimethylsiloxane repeating unit. 

[0028] As used herein a "hydrophilic associative segment" is hydrophilic, but can 

associate with the substrate via hydrogen, 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. Irs this example, suitable proton donating groups include 4-

20 acrylamidobutanoic acid (ACAIT), iV-hydroxyalkyl (meth)acrylamide monomers such as N~(2~ 

hydroxypropyl) methaerylamide, and #-(2,3-dihydroxypropyl)methacrylamide; or vinyl bezoic 

acid. It is a benefit of the present invention that the crosslinked nanogels do not comprise 

separate associative segments, because the primary chains are themselves capable of associating 

with the selected substrate. 

25 [0029] As used herein "hydrophilic" polymers or monomers are those which yield a clear 

single phase when mixed with water at 25°C at a concentration of at least about 10 wt%. 

[0030] 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. In one 

30 embodiment, the complexing segments may comprise monomers such as (4-vinylphenyI)boronic 

10 
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acid, (3-acrylamidophenyl)boronic acid, or (4-acrylamidophenyl)boronic acid or N-(2-

acrylamidoethyl)-5-((3aS,4S,6aR)-2-oxohexahydro-lH-thieno[3,4-d]iaiidazol-4-yr)pentanamide. 

[0031] As used herein, "stimuli responsive components" include those which undergo a 

physical or chemical change in response to a change in environmental conditions. Conditions 

5 which can induce a change include pH, light, salt concentration, temperature, combinations 

thereof and the like. Examples of monomers which can be used to prepare stimuli responsive 

components include but are not limited to JV-isopropylaerylamide, vinyl bezoic acid, or 

acrylamidobutanoie acid (AC All), and the like. 

[0032] As used herein "substrate" refers to an article, such as a sheet, film, tube or more 

10 complex form such as biomedical devices. 

[0033] As used herein, a "biomedical device" is any article thai is designed to be used 

while either in or on mammalian tissues or fluid. Examples of these devices include but are not 

limited to catheters, implants, stents, sutures, bandages, and ophthalmic devices such as 

intraocular lenses and contact lenses and the like. 

15 [0034] 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 effect, including wound healing, delivery of drugs or 

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

includes, but is not limited to, soft contact lenses, hard contact lenses, intraocular lenses, overlay 

20 lenses, ocular inserts, and optical inserts. 

[0035] As used herein, a "silicone-containing polymer" is any polymer containing 

silicone or siloxane repeating units. The silicone-containing polymer may be a homopolymer, 

such as silicone elastomers, or a copolymer such as fluoro-silicones and silicone hydrogels. As 

used herein, silicone hydrogel refers to a polymer comprising silicone containing repeating units 

25 and in some embodiments, a water content of at least about 10%, and in some embodiments at 

least about 20%. 

[0036] As used herein "RAFT polymerization" or "RAFT" refers to reversible addition 

fragmentation-chain transfer polymerization. 

[0037] As used herein "reactive components" are the components in a polymerization 

30 reaction mixture which become part of the structure of the polymer upon polymerization. Thus, 

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

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

polymer are not reactive components. 

[0038] As used herein "substituted'' refers to alkyl groups which may contain halogens, 

esters, aryls, alkenes, alkynes, ketones, aldehydes, ethers, hydroxyls, amides, amines and 

5 combinations thereof. 

[0039] As used herein "free radical source" refers to any suitable method of generating 

free radicals such as the thermally induced homolytic scission of a suitable compound(s) 

(thermal initiators such as peroxides, peroxyesters, or azo compounds), the spontaneous 

generation from monomer (e.g., stvrene), redox initiating systems, photochemical initiating 

10 systems or high energy radiation such as electron beam, X- or gamma-radiation, Chemical 

species known to act as "free radical sources" are commonly called initiators by those skilled in 

the art and will be referred to as such for the purposes of this disclosure, 

[0040] As used herein "proton donating segments" or "proton donating functional 

groups" are functional groups which have the ability to donate a proton to a proton accepting 

15 segment or group under lens forming, autoclaving or storage conditions. Proton donating 

functional groups include alcohols, acids, primary amides, and the like, 

[0041] As used herein "proton accepting segments" or "proton accepting functional 

groups"' are functional groups which have the ability to accept a proton under lens forming, 

autoclaving or storage conditions. Proton accepting groups include amines, amides, carbonvls 

20 and the like. 

[0042] In one embodiment, the WSC polymer of the present invention is a stable 

polymeric wetting agent, which is free of terminal substrate associating segments. Said 

polymers are comprised of material or polymer that has an affinity for at least a portion of a 

medical device and provide the desired improvements in substrate performance. The polymeric 

25 wetting agents may beneficially be associated with the substrate in a single step, without prior 

pretreatment. 

[0043] Thus, the water soluble, crosslinked polymers are formed from components which 

are hydrophilic and have an affinity for a given medical device. For example, the water soluble, 

crosslinked polymers may be formed from components that contain proton donating and proton 

30 accepting functional groups. In one such embodiment, the WSC polymers could contain 

multiple proton donating functional groups, such as alcohols, and thus have an affinity for 

12 
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medical devices or other surfaces which proton are accepting. Conversely, the water soluble, 

crosslinked polymers could contain multiple proton accepting functional groups, such as amides, 

and thus have an affinity for medical devices or other surfaces which are proton donating. Yet in 

other embodiments the WSC polymers could contain multiple ionic functional groups, such as 

5 carboxylates, sulfonates, ammonium salts, or phosphonium salts, and thus have an affinity for 

medical devices with an opposite charge to that of a given ionic the water soluble, crosslinked 

polymers. In other embodiments the WSC polymers contain functional groups capable of 

undergoing complexation with other complementary functional groups on a medical device or 

surface. For example, the water soluble, crosslinked polymers could contain multiple boronic 

10 acid functionalities and associate with a medical device or surface which contains multiple 

hydroxyl groups. In an alternative embodiment, the hydroxy! groups may be contained within 

the water soluble, crosslinked polymers and be associated with a surface containing multiple 

boronic acid functional groups. In some embodiments, the water soluble, crosslinked polymer is 

stimuli responsive and is comprised of functional groups that, when incorporated into polymeric 

15 form, cause the resulting polymer to be water-soluble or water-insoluble under different solution 

conditions. For example, the water soluble, crosslinked polymers might be comprised of a 

temperature-responsive polymer, such as poly(iV-isopropyIacrylamide) (PNIPAM), which 

undergoes a phase-transition in water at 32°C. Therefore, at solution temperatures below 32°C, 

said PNIPAM polymer is water-soluble and hydrophilic, while at higher solution temperatures 

20 (i.e. 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. 

10044) In one embodiment, the water soluble, crosslinked polymers formed by the 

copolymerization of an ethylenically unsaturated monomer with a poly-functional ethylenically 

unsaturated monomer. 

25 [0045] The hydrophilic primary chain, C, comprises statistically distributed repeating 

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

13 
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5 Formula I 

[0046] The terms a, p, and y, specify the relative molar amounts (in terms of mole 

fraction) of G, D, and E that comprise the water soluble, crosslinked polymer. In some 

embodiments, a is equal to about 0.85 to about 0.999, about 0.92 to about 0.999, about 0.95 to 

10 about 0.999, and about 0.97 to about 0.999, while the sum of [3 and y for each respective range of 

a would be equal to about 0.15 to about 0.001, about 0.08 to about 0,001, about 0.05 to about 

0.001, and about 0.025 to about 0.001. For the purposes of the disclosed invention, the mole 

fraction of D in the water soluble, crosslinked polymer, (i.e. p) of a primary chain is intended to 

be maximized, compared to that of E (i.e. y) thus maximizing the number of cross-links between 

15 Land other ^-primary chains* i.e. very few unreacted R'IS moieties remain. All mole-fraction 

ranges of a, p, and y are based on the relative amounts of monomer and cross-linker employed in 

the monomer feed of a given embodiment and assumes that the reactivity differences between 

vinyl-substituents on the monomer and cross-linker are minimal, i.e. near-statistical 

incorporation occurs. In one embodiment, the nanogels of the present are substantially free from 

20 unreacted R'15 groups. When R'is comprises a double bond, this may be confirmed via FTIR or 
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other methods capable of detecting the presence of double bonds. In one embodiment, R!5 and 

R'15 are substantially free of siloxane repeating units and in another embodiment are 

substantially free of silicone. 

[0047] Structure I may contain a terminal thiocarbonylthio moiety, while in other 

5 embodiments, it may not. 

[0048] U is selected from the group consisting of hydrogen, halogen, CVC4 alkyl which 

may be optionally substituted with hydroxy 1, alkoxy, aryloxy (OR"), carboxy, acyloxy, aroyloxy 

(O2CR"), alkoxy-carbonyl, aryloxy-carbonyl (CO2R") and combinations thereof. Preferably, U 

may be selected from H, or methyl. 

10 [0049] V is independently selected from the group consisting of, R", -CO2PL -CO?R", -

COR", ~CN, -CONH2, -CONHR", -CONR"2, -02CR'\ -OR"; plus cyclic and acyclic N-vinyl 

amides and combinations thereof. 

[0050] R " is independently selected from the group consisting of optionally substituted 

Ci-Cig alkyl, C2-Cj8 alkenyl, aryl, heterocyclyl, alkaryl wherein the substituents are 

15 independently selected from the group that consists of epoxy, hydroxyl, alkoxy, acyl, acyloxy, 

carboxy and carboxylates, sulfonic acids and sulfonates, alkoxy- or aryloxy-carbonyl, 

isocyanato, cyano, silyl, halo, and dialkylamino; phosphoric acids, phosphates, phosphonic acids, 

phosphonates. In one embodiment R" is selected from the group consisting of methyl, -CH2OH, -

CH2CH2OH, -CH2CH2CH2OH, (.1 l2-C'() •. -CH2CPI2-CO2\ -CH2CH2CH2-C02", -

20 C1h( H2C!h( -CH2CH2CH2CH2CH2-C02", -CM2-SO3", -CH2CH2-S03\ -a-hCl-hCih-

SO3", -CH2CH2CH2CH2-S03", -CH2CH2CH2CH2CH2-S03", -(CH?)2-CH2-C02", -(CH3)2-CH2-

S03H, -CH2CH2CH2-;N(CH,)2-CH2C]H2-C02",-CH2CH2-;N(CH,)2-CH2C]H2-C02",-

CH2CH2CH2-+N(CH3)2-Ce2CH2CH2-S03",-CH2CH2-\N(CH3)2-CH2CH2CH2-S03", -

CH?CH2CH?-+Nf(CH3)2-CH2CH2CH2-P03"2, -CH2CH2-^{CH,)2-CH2CH2CH2-P03"2, -

25 CH2CH2CH2-+N(CH3)2-CH2CH2-P03'2 -CH2CH2-+N(CH3)2-CH2CH2-P0/2, and combinations 

thereof and the like. . Examples of suitable V groups include pyrrolidonyl, piperidonyl, 2-

caprolactam, 3-methyl-2- caprolactam, 3-methyl-2-piperidonyl, 4-methyl-2- piperidonyl, 4-

methyl-2-caprolactam, 3-ethyl-2- pyrrolidonyl, 4,5-dimethyl-2-pyrrolidonyl, imidazolyl, N-N-

dimethylamido, aniido, Ar,iV-bis(2-hydroxyethyl)amido, -cyano, A'-isopropyl amido, acetate, 

30 carboxypolyethylene glycol, „ iV-(2-hydroxypropyi) amido, iV-(2-hydroxyethyl) amido, 

carboxyethyl phosphorylchoiine, 3-(dimethyl(4-benzyl)ammonio)propane-1 -sulfonate 

15 
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(DM VBAPS), 3-{{3-amidopropyl)dimethylammonio)propane-1 -sulfonate (AMPDAPS), 3-((3-

(carboxy)propyl)dimethy[ammonio)propane-l -sulfonate (APDAPS), A-methylacetamide, -

acetamide, ALmethyipropioiiamide, A-methyl-2-methylpropionamide, 2-methylpropionamide, 

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

5 [0051] In one embodiment, V comprises -A-(CH3)2, pyrrolidonyl, -CONCCH^, A'-{2-

hydroxyethyl) amido or -A/(CFf3)CQCH3. 

[0052] R) can be any chemical moiety or polymer that is capable of initiating free-radical 

polymerization. In one embodiment, R is capable of undergoing reversible termination and 

fragmentation, e.g. as would be observed under RAFT polymerization conditions, while also 

10 retaining the ability to initiate polymerization. R{ may be selected from divalent groups 

consisting of optionally substituted alkylene; optionally substituted saturated, unsaturated or 

aromatic carbocyclic or heterocyclic rings; optionally substituted aikvlthio* optionally substituted 

alkoxy; or optionally substituted dialkylamino. In one embodiment, R; is selected from 

optionally substituted benzyl, optionally substituted phenyl, ethanoate, optionally substituted 

15 propionate, 4-cyanopentanoate, or isobutyroate functionalities. In one embodiment, R. 

comprises a 4-cyanopentanoate, isobutanoic, or a benzylic group. In other embodiments, Ri can 

comprise a cyano-rnethy or curnyl group. In another embodiment, Ri comprises said functional 

groups and is polyvalent. Examples of stable copolymers are shown below in Formula VIII with 

a range of suitable substituents. 

20 [0053] Rig comprises an agent which is capable of taking part and/or mediating a 

controlled free radical polymerization (CRP). CRP techniques are well known to those of skill in 

the art and can include, but are not limited to reversible addition fragmentation chain-transfer 

polymerization (RAFT), atom transfer radical polymerization (ATRPh nitroxide mediated 

polymerization (NMP), and Tellurium-mediated radical polymerization (TERP). 

25 [0054] In one embodiment, the following copolymer structures may be formed via RAFT 

and thus contain a thiocarbonylthio functional group on the terminus of each primary chain 

within a C-cluster: 

16 
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[0056] It should be appreciated that the substitutions described above may be combined 

5 in any combination. 

[0057] The WSC polymer 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 500. In further embodiments, the water 

soluble, crosslinked polymer has a degree of polymerization within the following ranges: about 

10 300 to about 10,000, about 300 to about 5,000, between about 500 to about 10,000, about 500 to 

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

thereof. 

[0058] Each ^-primary chain is cross-linked or semi-cross-linked, That is, unlike 

previously disclosed art having only linear, branched, or combed structures, the water soluble, 

5 crosslinked copolymer is randomly cross-linked via covalent, ionic, or hydrogen-bonds along the 

polymer. Cross-linking agents have two or more reactive or associative functionalities to react 

with and/or associate the copolymers of the present invention to one another. The residues of the 

cross-linking agents are shown in Formula II and III as R33 and Rjs', Cross-linking agents 

comprise free radical reactive functionality, such as vinyl, allyl, (meth)acrylate, 

10 (meth)acrylamide and the like. In one embodiment the cross-linking agents are hydrophilic, and 

in another do not comprise dimethylsiloxane groups, and in another embodiment are free of 

silicone. Exemplary covalent cross-linking agents include: AfJV'-methylenebis(meth)acrylamide; 

A^A'-ethylenebis(meth)acrylamide; AT,iV-propylenebis(meth)aciylamide; N,N-

butylenebis(meth)acrylamide; /^JV-pentamethylenebis(meth)acrylamide; N,N-
15 hexamethylenebis(meth)acrylarmde; all other AvV-alkylenehis(meth)acrylamides; all 

polyalkyleneglycoldi(meth)acrylates, including, but not limited to ethylene glycol 

di(meth)acrylate, triethvlene glycol di(meth)acrylate, tetra-ethylene glycol di(meth)acrylate; and 

all polya!kyleneglycoldi(meth)acryJamidess including, but not limited to MJV^(oxybis(ethane-

2,1 -diyi))diacrylamide iV(iV'-(((oxybis(ethane-2,1 -diyl))bis(oxy))bis(ethane-2,1 -

20 diyl))diacrylamide, triallyl cyanurate (TAC), 1,3-divinylimidazolklin-2-one, and 

3,3' 'alkylenebis(l -vinylpyrrolidin-2-one), wherein the alkylene has 1-12 carbons. The WSC 

polymers of the present invention are water soluble, and non-gelled. 

[0059] Cross-linking agents which have functionality along the backbone which can be 

reversibly broken or cleaved can also be used. For example, ACY'-cystamine di(meth)acylamide 

25 may be used as a crosslinker, After the semi-crosslinked block copolymer is associated with the 

substrate, the disulfide bond in cystamine may be cleaved and reformed to create an 

interpenetrating network which is more intimately entangled in the substrate matrix. 

[0060] The molar ratio of RAFT agent to cross-linking agent in the cross-linking reaction 

mixture is greater than about 0.1, greater than about 0.2, greater than about 0.3, greater than 

30 about 0.5, greater than about 0.75, greater than about 1, greater than about 2, greater than about 5 

and in some cases greater than about 10, In one embodiment the cross-linking agent is free of 
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silicone and the RAFT agent to cross-linking 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 amount of cross-linking agent to theoretical primary chains 

5 ("XL:C-PC') in the cross-linking reaction mixture can be between 0.01:1.0 and 6.0:1.0, with the 

following non-limiting values of XL:£~PC being preferred: 0.1:1.0, 0.2:1.0, 0.25:1.0, 0.3:1.0, 

0.4:1.0, 0.5:1.0, 0.55:1.0, 0.6:1.0, 0.7:1.0, 0.75:1.0, 0.8:1.0, 0.9:1.0, 1.0:1.0, 1.2:1.0, 1.25:1.0, 

1.5:1.0, 3.0:1.0, 4.0:1.0, 5.0:1.0, 7.5:1.0 or even 10:1.0. In some embodiments it may be 

desirable to select XL:C-PC values which provide WSC polymers across a wide range of 

10 temperatures and solution conditions, to allow for ready incorporation into a range of articles and 

solutions. For example, water soluble crosslinked polymers comprising poly(W-(2-

hydroxypropyl)methaerylamide) PHPMA, may desirably have an XL:^-PC of less than about 

1.25:1 to prevent macroscopic gelling of the polymer. In other embodiments, the XL:C-PC for 

said example may be less than 3:1. Yet in other embodiments, the XL:C~PC for said example 

15 may be less than 1.5:1. In other embodiments it may be desirable to select XL:£-PC values 

which provide the desired decrease in lipid uptake of the treated substrate, with increasing 

XL:6-PC values, decreasing the lipid uptake levels. 

[0061] In addition to XL:f~--PC, another factor that affects the point at which 

macroscopic gelation occurs is the total monomer concentration. In some embodiments of this 

20 invention, the total monomer concentration used can include, but is not limited to 1 to about 80 

wt% and about 10 to about 50 wt%, and still further about 20 to about 50 wt%, 

[0062] Those of skill in the art will appreciate that the number of primary chains formed 

in a controlled radical polymerization (CRP) system is dictated by the concentration of a 

controlled radical polymerization (CRP) agent or control agent. In the case of a RAFT 

25 polymerization, the control agent would be a thiocarbonylthio functional control agent. In the 

case 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 is possible, without macroscopic 

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

primary chain designator, as shown in Formula IA. 

C ~ R 

5 Formula IV 

[0064] Wherein Ris R!5, R'J5, G, D, E, Z, C Q, a, p, y, m, and p are defined below, and 

may be formed by contacting; 

[0065] At least one hydrophilic monomer having the formula HjOUV 

[0066] At least one RAFT agent of Formula II having a chain transfer constant greater 

10 than 0.1; 

Formula V 

[0067] (iii) free radicals produced from a free radical source (i.e. an initiator); and 

[0068] (iv) a cross-linking agent, ffeOURts 

15 [0069] Z is selected from the group consisting of hydrogen, chlorine, fluorine, optionally 

substituted alkyl, optionally substituted aryl, optionally substituted heteroeyclyl, optionally 

substituted alkylthio, optionally substituted alkoxy, optionally substituted alkoxycarbonyl, 

optionally substituted aryloxyearbonyi (-COOR'"), carboxy (-COGH), optionally substituted 

acyloxy (-O2CR"), optionally substituted carbamoyl ("CONR'b), cyano (-CN), dialkyl- or diaryl-

20 phosphonato [-P(=0)(0R")2], dialkyl- or diaryl-phosphinato [-P(=0)(0R")2], and a polymer 

chain formed by any mechanism; 
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p is 1 or an integer greater than 1, 1-5, 3-5 and in some embodiments 1 or 2. 

When p>2, then Rj is selected from p-valent moieties derived from any of silicon, sulfur, 

oxygen, nitrogen, optionally substituted alkylene, optionally substituted aryl, a polymer chain, or 

a combination thereof. Such an embodiment, where p is p~yalent, is disclosed in the following 

structural analogues of Formulas I and IL namely Formulas VI and VII 

u / U u 
— R..—-

v * / / Ja&/-

u. 8. u 

\Ur 1 \ 
<f7"cio V \ ' v 

V ^15 

c. 

:sYs>f 

Formula V. 

S. S 

z z 
Formula VII 

[0072] In one embodiment where RAFT polymerization is employed, a RAFT agent, 

15 free-radical initiator, mo no-vinyl monomer, and a di~ or poly-vinyl monomer are combined at the 

desired molar ratios and dissolved in a solvent of choice. The resulting solution is polymerized 

to yield a cross-linked, but ungelled polymer with no distinct substrate associating segments. 

Formula VI below details the structures for the RAFT-based CRP agents that might be used in 

such an embodiment. 
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Dithioates Trithiocarbonates Dithiocarbamates & Xanthates 

13 

Formula VIII 

[0073] It will be apparent to those skilled in the art that this results in the formation of £j-

clusters that contain primary chains without substrate associative segments. 

5 100741 In one embodiment the hydrophilic primary chains, may be formed from 

known hydrophilic monomers, U. Hydrophilic monomers are those which yield a clear single 

phase when 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 

(meth)acrylates, (meth)acrylamides, styrenics, vinyl ethers, vinyl carbonates, vinyl carbamates, 

10 vinyl ureas and mixtures thereof, 

[0075] Examples of suitable hydrophilic monomers include iV-vinyl pyrrolidone, N-

vinyl-2- piperidone, vinyl-2-caprolactam, JV-vin.yl-3-methyl-2- caprolactam, A/-vinyl-3-methyl-

2-piperidone, iV-vinyl-4-methyl-2- piperidone, AT-vinyl-4-methyl-2-caprolactam, iV-vinyl-3-ethyl-

2- pyrrolidone, jV-vinyl-4,5-dimethyl-2-pyrrolidone, vinylimidazole, Ar-iY-dimethylacryiamide, 

15 acryl amide, Ar,AT-bis(2-hydroxyethyl)acrylarnide, acrylonitrile, /V-isopropyl acrylamide, vinyl 

acetate, (meth)acrylic acid, polyethylene glycol (meth)acrylates, 2-ethyl oxazoline, N-(2-
hydroxypropyl) (meth)acrylamide, A~(2-hydroxyethyl) (meth)acryl amide, 2-
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methacryloyloxyethyl phosphorykho line, 3-( dimethyI(4-vinylbenzyl)ammomo)propane- 3 -

sulfonate (DMVB APS), 3-((3-acrylamidopropyl)dimethylammonio)propane-1 -sulfonate 

(AMPDAPS), 3-((3-methacryIamidopropyI)dimethylammonio)propane-l-sulfonate 

(MAMPDAPS), 3-((3-(acryIoyloxy)propyl)dimethylammonio)propane-l-sulfonate (APDAPS), 

5 methacryloyloxy)propyl)dimethylammonio)propane-1 -sulfonate (MAPI) APS), N, N-

dimethylaminopropyl(meth)aerylamide4 N -vinyl-Af~methvlacetamide, iV-vinylacetamide, A-

vinyl-A/-methylpropionamide, ALvinyl-A-methyl-2-methyipropionamide, A-vinyl-2-

methylpropionamide, A-vinyl-A^A'-dimethylurea, and the like, and mixtures thereof. In one 

embodiment the hydrophilic monomer comprises A-vinyl pyrrolidone, A-vinyl-A-

10 methylacetamide, 2-methacryloyloxy ethyl phosphorylcholine, (meth)acrylic acid, N,N-

dimethylacrylamide A-hydroxypropyl methacrylamide, mono-glycerol methacrylate, 2~ 

hydroxyetbyl acrylamide, hishydroxyethyl aciylamide, and 2,3-dihydroxypropyl 

(meth)acrylamide and the like and mixtures thereof. In some embodiments the hydrophilic 

segment may also comprise charged monomers including but not limited to methacrylic acid, 

15 acrylic acid, 3-acrylamidopropionic acid (ACA1), 4-acrylamidobutanoic acid, 5-

acrylamidopentanoic acid (A.CA2), 3-acrylamido-3-methylbutanoic acid (AMBA), A-

vinyloxycarbonyl-a-alanine, A^vinyloxycarbonyl-p-alanine (VINAL), 2-vinyl-4,4-dimethyl-2-

oxazolin-5-one (VDMO), reactive sulfonate salts, including, sodium-2-(acrylamido)-2-

methylpropane sulphonate (AMPS), 3-sulphopropyl (meth)acrylate poiassium salt, 3-

20 sulphopropvl (meth)acrylate sodium salt, bis 3- sulphopropyl itaconate di sodium, bis 3-

sulphopropyl itaconate di potassium, vinyl sulphonate sodium salt, vinyl sulphonate salt, styrene 

sulfonate, sulfoethyl methacrylate, A,Ar-dimethylaminopropyl acrylamide (DMAPA), 3-

acrylamido-A,ArA''-trimethyipropan-l-ammonium chloride (i.e. methyl quaternized DMAPA), 

combinations thereof and the like. In embodiments where the hydrophilic segment comprises at 

25 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 [Q] segment. 

j 0076] The WSC polymers may be formed via a number of polymerization processes. In 

one embodiment the WSC polymers are formed using RAFT polymerization. In other 

30 embodiments the block copolymers are formed using A'TRP. While in another embodiment, the 

block copolymers are formed using TERP. Still yet in some embodiments the block copolymers 
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are formed using any known controlled radical polymerization mechanism. In another 

embodiment the water soluble, crosslinked polymers are formed by conventional free radical 

polymerization. In one embodiment, the WSC polymers may be formed by conventional free 

radical polymerization or by other non-controlled mechanisms of polymerization. It is obvious 

5 to those of skill in the art, however, that the synthetic utility of such routes is fairly limited 

(compared to controlled polymerization), i.e. non-controlled polymerizations must be conducted 

under dilute conditions (with respect to monomer and cross-linker) and typically do not reach 

high conversion without the formation of a macroscopic gel. In addition, much lower XL:£-PC 

ratios must be targeted to prevent macroscopic gelation. The water soluble, crosslinked polymer 

10 does not contain separate terminal substrate associative blocks. Instead, the water soluble, 

crosslinked polymer contains either a single block, which displays both affinity for the substrate 

and the desired performance enhancing properties or contains multiple blocks all of which 

display both affinity for the substrate and the desired performance enhancing properties. The 

water soluble, cross-linked polymers may also comprise random copolymers. Exemplars' 

15 embodiments of such water soluble, crosslinked polymer include water soluble crosslinked 

polymers and copolymers of A'-vitiyl pyrrolidone, iV,ALdimethyl acrylamide, A-hydroxypropyi 

methacrylamide, mono-glycerol methacrylate, 2-hydroxyethyi acrylamide, and bishydroxyethyl 

acrylamide,2,3-dihydroxypropyl (nieth)acrylaniide. Alternatively two different polymers or 

copolymers may be crosslinked together to form the copolymers of the present application. In 

20 one embodiment of the present application random copolymers are preferred. In another 

embodiment the water soluble, cross-linked polymers are contacted with ophthalmic devices, 

such as contact lenses. In this embodiment, it may be desirable for the contact lenses to have low 

uptake of components, such as preservatives, such as PQ-1, from cleaning and care solutions. In 

these embodiments the polymers are free from repeating units derived from acrylic acid or 

25 substituted acrylic acids, including methaerylic acid. 

[0077] Embodiments can be used to treat conventional or silicone hydrogel materials, 

provided the affinity of the water soluble, crosslinked copolymer is tailored to the surface of the 

lens or device being treated. The water soluble, crosslinked copolymer with appropriate 

functionality and architecture can closely mimic the behavior of bound mucins found on corneal 

30 epithelial surfaces and could be very useful in modifying the surface of a contact lens medical 

device to improve its lubricity, deposit uptake, and possibly comfort. Without intending to be 
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bound by theory, it is speculated that the cross-linked nature of the water soluble, crosslinked 

copolymer could closely mimic the muein-A'-mucin interactions that occur through disulfide 

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

5 Polymerization Conditions 

[0078) The number average molecular weight of each C-primary chain, Mn in a given 

polymerization produced from contacting a RAFT agent (when required), with at least one 

hydrophilic monomer, free radical initiator, and cross-linking agent can be targeted using the 

following equation: 

10 M =M f. +MWCT4 Equation V) 

where 

M =7M-X-JW M - • — • MWy, 
'"» {[CIA]) ' " ' (rC7;i]j <// 

(Equation 2) (Equation 3) 

15 [0079] Mt,XJ, and MWCTA represent the individual contributions of molecular 

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

number average molecular weight of a C-primary chain, i.e. M„r x\f is the number of reactive 

functional groups on the crosslinker, [M] is the reactive monomer concentration, [XL] is the 

cross-linker concentration, X is the extent of conversion in fractional form, [CTA] is the 

20 concentration of RAFT agent, and MWmonon,er> MWxt» » and MWCTA are the molecular weights 

of reactive monomer, cross-linker, RAFT agent, respectively. 

[0080] The predicted degree of polymerization (DP) for the hydrophilic polymer 

segment, DPr.PC can be calculated from Equations 1, 2, and 3. If X is unity (i.e. the 

polymerization reaches 100 % conversion) and MWCTA is neglected because M,v 0>> MWCTA, 

25 Equation 1 reduces to Eqution 4: 

M,, ~ JfL + M (Equation 4) 
"Z-PC " bf XL 1 



WO 2013/177506 PCT/US2013/042628 

M ----- M_ +M 
" &—SagTi'iettt lM "XL 

Solving the equation in terms of DP? .A*},, by dividing M%. and Mllx, by their respective 
monomelic masses, MWM and MWXL gives: 

M M DP 
Dp m + • mDP + —^ (Equation 5) 

MWM MWXL " V 
¥ 

5 DP ill! . ipll L {Equation 6) 
K'-K |CTA]) §CTA$ yr 

[0081} K should be apparent to those of skill in the art that while these equations do 

predict the number average molecular weight of a ^-primary chain, M„, pf., they do not predict 

the total DP or overall average molecular weight of a C-ciuster, which are formed due to the 

10 participation of the cross-linker in the RAFT polymerization and the fact that C-primary chains 

become randomly cross-linked to each other and to other growing ^-clusters.. The MW of a 

given C-cluster is much higher than that of an individual C-primary chain found within that Q~ 

cluster and may or may not be an exact multiple of the average M„, for a given 

polymerization. 

15 [0082] One target DP1Jpc is in the range of about 10 to 10,000, with 50 to 1500 being 

preferred, 50 to 1000 being more preferred, and 50-500 being most preferred. 

(0083 [ Polymerization conditions for the polymerization of the hydrophilic monomer in 

the presence of the appropriate RAFT agent and cross-linking agent to form the water soluble, 

crosslinked polymer are selected based upon the initiator system used and to provide the desired 

20 balance between chain growth and termination. Other polymerization components, such as 

solvents, initiator and additives may also be selected such that they have a low transfer constant 

toward the propagating radical and are fully miscible with all other polymerization components. 

[0084] 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 

25 resulting nanogel material in a way that gives a desired structure or property. Alternatively, the 

reactive groups on the cross-linker may be selected such that incorporation into the propagating 
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polymer backbones is less random and thus forms polymeric nanogels that have a less evenly 

distributed cross-link density'. If a polymeric nanogel with more "block}" incorporation of the 

cross-linker is desired, a crosslinker with a different reactivity to that of the prorogating mono-

vinyl monomer may be used. For example, a diniethacrylated cross-linker may be employed in 

5 the formation of a nanogel with an acrylamido, mono-vinyl monomer. For some embodiments 

that exploit CRP, this would result in a "tapered" incorporation of the cross-linker into the 

primary polymer chain backbone, i.e. one end of each primary polymer chain would be richer in 

divinyl monomer than the other. Alternatively, for embodiments where a random distribution of 

the cross-linker throughout the primary polymer chain is desired, the cross-linker may be 

10 selected so that both of its reactive sites have similar reactivities (or identical functional groups) 

to that of the propogating mono-vinyl monomer. In some embodiments, cross-linkers containing 

functional groups with different reactivities, e.g. 2-(acryloyloxy)ethyl methacrylate or N-(2-

acrylamidoethyl)methacrylarnide, may be employed. Those skilled in the art would expect such 

structures to also incorporate across each primary polymer chain in a less-random fashion to that 

15 of an analogous system which contains matched reactivities for all reactive functional groups. 

[0085] In embodiments where the block WSC polymer is made via RAFT, the initiating 

system is chosen such that under the reaction conditions there is no substantial adverse 

interactions) 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 

20 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, such as photoinitiators, thermal initiators, redox initiators and gamma initiators. Suitable 

photoinitiators include the UV and visible photoinitiators described below. Thermal initiators 

are chosen to have an appropriate half life at the temperature of polymerization. These initiators 

25 can include one or more of the following compounds: 2,2'-azobis(isobutyronitrile), 2,2'-

azobis(2-cyano-2-butane), 2,2'-Azobis[2-(2-imidazol-iV-2-yl)propane] dihydrochloridedimethyl 

(VA-044), 2,2' -azobisdimethylisobutyrate 4,4'-azobis(4-eyanopentanoie acid), 1,1'-

azobis(cyclohexanecarbonitrile, 2-(t-butylazo)-2-cyanopropane, 2,2'-azobis[2-methyl-A-(l ,!)-

bis(hydroxymethyl)-2-hydroxyethyl] propionaniide, 2,2'-azobis[2-niethyl-iV-hydroxyethyl)]-

30 propionamide, 2,2'-azobis(AvV"-diniethyleneisobutyramidine) dihydrochloride, 2,2'-azobis (2-

amidinopropane)dihydroehloride, 2,2'-azobis(A',A'"~dimethyleneisobutyramine), 2,2'-azobis(2-
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methyl-A-f 1,1 -bis(hydroxymethyl)-2-hydroxyethyl] propionamide), 2,2'-azobis(2-methyl-A-

[1,1 -bis(hydroxymethyl)ethyl] propionamide), 2,2 '-azo bis[ 2-methyl-iV-(2-hydroxyethyl) 

propionamide], 2,2'-azobis(isobutyramide)dihydrate, 2,2'-azobis(2,2,4-trimethylpentane), 2,2'-

azobis(2-methylpropane), t-butyl peroxyaeetate, t-butyl peroxybenzoate, t-butyl peroxyoctoate, t-

5 butyl peroxyneodecanoate, t-butylperoxy isobutyraate, t-amyl peroxypivalate, t-butyl 

peroxypivalate, di-isopropyl peroxydicarbonate, dicyelohexyl peroxydicarbonate, dicumyl 

peroxide, dibenzoyl peroxide, dilauroyl peroxide, potassium peroxydisulfate, ammonium' 

peroxydisulfate, di-t-butyl hyponitrite, dicumyl hyponitrite. In one embodiment, the thermal 

initiator is selected from initiators that generate free radicals at moderately elevated 

10 temperatures, such as lauryl peroxide, benzoyl peroxide, isopropyl percarbonate, 

azobisisobutyronitrile combinations thereof, and the like. 

[0086] Examples of redox initiators include combinations of the following oxidants and 

reductants: 

[0087] oxidants: potassium, peroxydisulfate, hydrogen peroxide, t-butyl hydroperoxide. 

15 [0088] reductants: iron (II), titanium. (Ill), potassium thiosulfite, potassium bisulfate. 

[0089] In one embodiment, the initiator is selected from photoinitiators which have the 

requisite solubility in the reaction medium or monomer mixture and have an appropriate 

quantum yield for radical production under the conditions of the polymerization. Examples 

include benzoin derivatives, benzophenone, acyl phosphine oxides, and photo-redox systems. In 

20 another embodiment the initiator is selected from visible initiators selected from 1-

hydroxyeyclohexyl phenyl ketone, 2-hydroxy-2-methyl-1 -phenyl-propan-1 -one, bis(2,6-

dimethoxybenzoyl)-2,4-4-trimethylpentyi phosphine oxide (DMBAPO), bis(2,4,6-

triniethylbenzoyi'j-phenyi phosphineoxide (Irgacure 819), 2,4,6-trimethylbenzyldiphenyl 

phosphine oxide and 2,4,6-trimethylbenzoyl diphenylphosphine oxide, benzoin methyl ester and 

25 a combination of camphorquinone and ethyl 4-(MiV-dimethylamino)benzoate, combinations 

thereof and the like. In another embodiment the initiator comprises at least one phosphine oxide 

containing photo initiator, 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. 

30 [0090] The polymerization may be conducted in solution, suspension or emulsion, 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 chain transfer agent. Other 

conditions may be used and are known in the art. 

[0091] The copolymers provided herein may be purified via known means such as 

solvent precipitation and/or subsequent solvent extractions or by dialysis or related purification 

5 techniques such as, but not limited to tangential flow filtration (TFF), 

[0092] In some embodiments where RAFT polymerization is used and where the RAFT 

agent is not removed prior to use, a RAFT polymerization agent is retained at the terminal end of 

the WSC polymer, 

[0093] The RAFT polymerization agents are not thermally or hydrolyticailv stable, and 

10 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. Alternatively, the RAFT polymerization agent may be left on the WSC 

polymer and either cleaved during incorporation into the polymer substrate or during use (if the 

RAFT and/or its degradants are non-toxic, non-irritating). In one embodiment the RAFT 

15 polymerization agent is removed prior to incorporating the WSC polymers into the substrates, or 

the solutions to be contacted with the substrates.. Suitable processes for removing the end groups 

include, but are not limited to reaction with amines, such as disclosed in IJS7109276, 

US6794486, US7807755, US2007232783, US2010137548, US5385996, and US5874511. Other 

end-group removal techniques, such as thermolysis or radical reduction, may be employed in 

20 some embodiments as well, 

[0094] In one embodiment, the WSC polymers have the structure represented in Formula 

I, above. 

In another embodiment, the WSC polymers may be formed using conventional 

free radical reactions. In this embodiment the block copolymers may be formed by the free 

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

Hydrophobic or Partially Hydrophobic Substrates 

[0095] The WSC polymers disclosed herein may be non-covalently associated with a 

variety of hydrophobic, partially hydrophobic, hydrophilic, or amphophilic substrates, such as 

30 polymeric articles formed from polysiloxanes, silicone hydrogels, conventional hydrogels, 

polymethyl methacrylate, polyethylene, polypropylene, polycarbonate, polyethylene terapthalate, 
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polytetrafluoroethylene, glass, metal and mixtures and copolymers thereof and the like. The 

association occurs, provided there is sufficient affinity between the functional groups contained 

within the water soluble, crosslinked copolymer and those found 011 or within a given substrate. 

Examples of substrates which may be treated to associate the copolymers of the present 

5 invention therewith include polymers and metals used for implantable devices, sutures, graft 

substrates, punctal plugs, catheters, stents, wound dressings, surgical instruments, ophthalmic 

devices and the like. 

[0096] Additional examples of at least partial!}' hydrophobic polymer matrices include 

highly crosslinked ultra high molecular weight polyethylene (UHMWPE), which is used for 

10 implantable devices, such as joint replacements, are made typically has a molecular weight of at 

least about 400,000, and in some embodiments from about 1,000,000 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 embodiments between about 25 and 30. 

[0097] Absorbable polymers suitable for use as yarns in making sutures and wound 

15 dressings include but are not limited to aliphatic polyesters which include but are not limited to 

homopolymers and copolymers of lactide (which includes lactic acid d-,l-and meso lactide), 

glycolide (including glycolic acid), e-caprolactone, p-dioxanone (l,4-dioxan-2-one), 

trimethylene carbonate (l,3~dioxan-2-one), alkyl derivatives of trimethylene carbonate, 6-

vaterolactone, p-butyro lactone, y-butyrolactone, e-decalactone, hydroxybutyrate, 

20 hydroxy valerate, l,4-dioxepan-2-one (including its dimer 1,5,8,12-tetraoxacyclotetradecane-

7,14-dione), l,5-dioxepan-2-one, 6,6-dimethyl-l,4-dioxan-2-one and polymer blends thereof. 

[0098] Non-absorbable polymer materials such as but are not limited to, polyamides 

(po-lyhexamethylene adipamide (nylon 66), polyhexamethylene sebacamide (nylon 610), 

polycapramide (nylon 6), polydodecanamide (nylon 12) and polyhexamethylene isophthalamide 

25 (nylon 61) copolymers and blends thereof), polyesters (e.g. polyethylene terephthalate, polybutyl 

terephthalate, copolymers and blends thereof), fluoropolymers (e.g. polytetrafluoroethylene and 

polyyinylidene fluoride) polyolefins (e.g. polypropylene including isotactic and syndiotactic 

polypropylene and blends thereof, as well as, blends composed predominately of isotactic or 

syndiotactic polypropylene blended with heterotactic polypropylene (such as are described in 

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

10, 1985 assigned to Ethicon, Inc. and combinations thereof. 

[0099] The body of the punctal plugs may be made of any suitable biocompatible 

polymer including, without limitation, silicone, silicone blends, silicone co-polymers including, 

5 for example, hydrophilic monomers of pHEMA (polyhydroxyethlymethacrylate), polyethylene 

glycol, polyvinylpyrrolidone, glycerol, and the like. Other suitable biocompatible materials 

include, for example fluorinated polymers, such as, for example, polytetrafluoroethylene 

("PTFE"), polyvinylidene fluoride ("PVDF"), and teflon; polypropylene; polyethylene; nylon; 

and ethylene vinyl alcohol ("EVA"). 

10 [00100] Polymeric parts of ultrasonic surgical instruments may be made from polyimides, 

fiuora ethylene 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 WSC polymer may 

be mixed with a solvent that swells the at least partially hydrophobic polymer matrix and then 

15 contacted with the polymer matrix. 

[00101] In one embodiment, the WSC polymers are associated with preformed articles 

including silicone ophthalmic devices such as lenses or punctual plugs, silicone hydrogel articles, 

such as silicone hydrogel lenses. Hydrophilic groups in the water soluble, crosslinked 

copolymer associate with complementary groups on or in the preformed articles. In this 

20 embodiment, the copolymer is dissolved in a solvent which also swells the substrate. The 

polymer substrate is contacted with a solution comprising the copolymer. When the substrate is 

a silicone hydrogel article, such as a contact lens, suitable solvents include packing solution, 

storing solution and cleaning solutions. Using this embodiment as an example, the silicone 

hydrogel lens is placed in a packing solution comprising the copolymer. The copolymer is 

25 present in the solution in amounts between about 0.001 and about 10%, in some embodiments 

between about 0.005 and about 2% and in other embodiments between about 0.01 and about 0.5 

weight %, based upon all components in the solution. 

[00102] The packing solutions may be any water-based solution that is used for the 

storage of contact lenses. Typical solutions include, without limitation, saline solutions, other 

30 buffered solutions, and deionized water. The preferred aqueous solution is saline solution 

containing salts including, without limitation, sodium chloride, sodium borate, sodium 
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phosphate, sodium hydrogenphosphate, sodium dihydrogenphosphale, 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 also be used to clean or treat 

5 contact lenses. When the solutions of the present invention are used for cleaning, treatment or 

care of contact lenses they may include additional components useful for such solutions, 

including viscosity adjusting agents, antimicrobial agents, wetting agents, anti-stick agents, 

preservatives, polyelectrolytes, stabilizers, chelants, antioxidants, combinations thereof and the 

like. Examples of additional components include 2-(N-morpholino)ethanesulfonie acid (MES), 

10 sodium. hydroxide, 2,2-bis(hydroxymethyl)-2,2'>2"-nitrilotriethaBol> n-

tris(hydroxymethyi)methyi-2~aminoetiianesulfomc acid, citric acid, sodium citrate, sodium 

carbonate, sodium, bicarbonate, acetic acid, sodium acetate, ethylenediamine tetraacetic acid and 

the like and combinations thereof. Preferably, the solution is a borate buffered or phosphate 

buffered saline solution, . 

15 [00103] The WSC polymer may also be associated with the lens using organic solvents 

(with or without water as a co-solvent). In one embodiment, an organic solvent is used to both 

swell the medical device, e.g. a contact lens medical device, and dissolve the WSC polymer so 

that it may be imbibed. Suitable solvents may be selected to swell the medical device, to 

dissolve the block copolymer or both. In another embodiment the solvents may also be 

20 biocompatible so as to simplify manufacturing. The substrate is contacted with the WSC 

polymer under conditions sufficient to incorporate a lubricious and wetting effective amount of 

the WSC polymer. As used herein, a lubricious effective amount, is an amount necessary to 

impart a level of lubricity which may be felt manually (such as by rubbing the device between 

one's fingers) or when the device is used. Additionally, as used herein, a wetting effective 

25 amount is an amount necessary to impart a level of increased wettability to the lens, as 

determined via known contact angle measurement techniques (i.e. sessile drop, captive bubble, 

or dynamic contact angle measurements). It has been found that in one embodiment, where the 

device is a soft contact lens, amounts of WSC polymer as little as 50 ppm provide improved lens 

"feel" and lowered surface contact angles, as measured by sessile drop. Amounts of WSC 

30 polymer greater than about 50 ppm, and more preferably amounts greater than about 100 ppm in 

the processing packaging, storing or cleaning solution, add a more pronounced improvement in 
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feel. Thus, in this embodiment, the WSC polymer may included in a solution in concentrations 

up to about 50,000 ppm, in some embodiments between about 10 and 5000 ppm, and in some 

embodiments between about 10 and about 2000ppm. In one embodiment the solution 

comprising the block copolymer is free from visible haze (clear). The packaged lens may be 

5 heat treated to increase the amount of WSC polymer which permeates and becomes entangled in 

the lens. Suitable heat treatments, include, but are not limited to conventional heat sterilization 

cycles, which include temperatures of about 120°C for times of about 20 minutes and may be 

conducted in an autoclave. If heat sterilization is not used, the packaged lens may be separately 

heat treated. Suitable temperatures for separate heat treatment include at least about 40°C, and 

10 preferably between about 50°C and the boiling point of the solution. Suitable heat treatment 

times include at least about 10 minutes, and in some embodiments from about 10 to about 30 

minutes. It will be appreciated that higher temperatures will require less treatment time. 

[00104] It is a benefit of the present invention that the step of associating the WSC 

polymer with the desired substrate may be conducted in a single step without pretreatment, 

15 covalent reaction or tie layers. However, in some embodiments it may be desireable to contact 

the substrate/ WSC polymer construct with an additional polymer or nanogel which contain 

proton receiving groups to form a layered coating. The additional polymer may be linear, 

branched or crosslinked, and may have associating groups located at an end of the polymer, or 

throughout the polymer. Each additional polymer comprises groups which are capable of 

20 associating or reacting with groups contained in the polymer of the preceding layer. Several 

al ternating layers of WSC and second polymer may be applied. Examples of polymers 

comprising proton receiving groups include but are not limited to poly-A7-vinyl pyrrolidone, 

poly-N-vinyl-2- piperidone, poly-A~vinyl-2-caprolactam, poly-yV-vinyl-3-methyl-2-caprolactam, 

po!y-iY-vinyl~3~methyl~2~piperidone, poly-ALvinyl-4-rnethyl-2-piperidone, po!y-iY-vinyl~4~ 

25 methyl-2-caprolactam, poly-iV-vinyl-3-ethyl-2- pyrrolidone, and po!y-iV-vinyl~4,5-dimethyl-2-

pyrrolidone, polyvinylimidazole, poly-Ar-Ar-dimethylaerylamide, polyvinyl alcohol, 

polyethylene-oxide, poly-2-ethyl-oxazoline, heparin polysaccharides, polysaccharides, mixtures 

and copolymers (including block or random, branched, multichain, comb-shaped or star shaped) 

thereof. Polymers and copolymers of Poly-A'-vinylpyrroiidone (PVP) and poly-A'-Ar-

30 dimethyl a cry 1 a n; i de may be used. 
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[00105] The second solution may be any of the solutions described above for contacting 

the substrates with the WSC polymer. 'The at least one second polymer may be present in the 

solution in concentrations up to about 50,000 ppm, between about 10 and 5000 ppm, or between 

about 10 and about 2000ppm. Because both polymers are non-ionic, the additional treating steps 

5 may be done at pH between about 6 and 8 and in some embodiments at about 7. 

[00106] Many silicone hydrogel materials are known and may be used, including but not 

limited to senofilcon, galyfileon, lotrafilcon A and lotrafilcon B, delefilcon, baiafiicon, 

comfilcon, osmofileon, enfilcon, filcon II, filcon IV and the like. Almost any silicone hydrogel 

polymer can be treated using the WSC polymers provided herein, including but not limited to 

10 those disclosed in US6,637,929; W003/022321; W003/022322; US5,260,000; US5,034,461; 

US6,867,245; W02008/061992; US5,760,100; IJS7,553„880; US20100048847; and 

US2006/0Q63852. 

[00107] Similar processes may be used for substrates made from polymers other than 

silicone hydrogels. The primary change will be in the selection of the solvent, which should 

15 solubiiize the WSC polymer and either swell the substrate or shrink or compact the WSC 

polymer. Mixtures 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 WSC polymer may be dissolved in a solvent such as 

aliphatic alcohols, water and mixtures thereof. Specific examples include isopropanol, n-

20 propanol and the like, at the concentrations described above. 

[00108] In another embodiment, the WSC polymer may be included in the reaction 

mixture from which the polymeric article is made. In such an embodiment, effective amounts of 

WSC polymer might include quantities from about 0.1 % to 50 % of the total weight of all lens 

components, with quantities from about 1 % to 20 % being more preferred, and quantities from 

25 about 2 % to 15 % being most preferred. For example, where the article is a silicone hydrogel 

contact lens, the WSC polymer may be included, in amounts up to about 20 weight% in the 

contact lens reaction mixture with one or more silicone-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 

30 to make silicone hydrogels. These terms, specifically silicone-containing component and 

hydrophilic component, are not mutually exclusive, in that, the silicone-containing component 
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can be somewhat hydrophilic and the hydrophilic component can comprise some silicone, 

because the silicone-containing component can have hydrophilic groups and the hydrophilic 

components can have silicone groups. 

[00109] One advantage of the copolymers disclosed herein is in embodiments where the 

5 WSC polymer is formed by RAFT, the molecular weight (MW) and molecular weight 

distribution (MWD) may be readily controlled depending on the requirements of manufacture for 

the chosen article. For example, in one embodiment where the WSC polymer is incorporated 

into a low viscosity reactive monomer mix, such as those used to form cast molded contact 

lenses, the MW of the block copolymer may be kept below about 100,000 g/mol. In one 

10 embodiment where controlled polymerization is used, the polydispersity of the ^-primary chains 

is less than about 1.3. The ^-cluster will have polydispersity values greater than 1.3, Having 

lower MW WSC polymer allows addition of a higher concentration of the WSC polymers 

according to embodiments of the present invention compared to commercially available 

polymers, such as PVP, Conventional polymers, such as PVP, have higher poiydispersities, 

15 which can result in extremely viscous monomer mixes that tend to have processing issues due to 

stringiness. 

[00110] The use of RAFT to prepare the WSC polymers of the present invention allows 

for the formation of nano-sized gels without the formation of macroscopically gelled polymer. 

In addition to this, such nanogels exhibit significantly lowered viscosities, when compared to the 

20 same linear polymers with equivalent molecular weights. As mentioned above, high molecular 

weight polymers with lower viscosities can be desirable for a variety of process applications, 

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

[00111] A silicone-containing component is one that contains at least one [-Si-O-] group, 

in a monomer, macromer or prepolynier. In one embodiment, the Si and attached O are present 

25 in the silicone-containing component in an amount greater than 20 weight percent, and in another 

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, (meth)acrylamide, Ar-vinyi lactam, iV-vinylamide, and 

styryl functional groups. Examples of silicone-containing components which are useful may be 

30 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; 5,998,498; US2006/0063852; and 5,070,215; and F.P080539. All of the 
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5 

patents cited herein are hereby incorporated in their entireties by reference. These references 

disclose many examples of olefinic silicone-containing components. 

Suitable silicone-containing components include compounds of the following 

formula: 

R2 

R2 Si~ 

R'; 

-O Si-

R 2 

R2 

-O Si R2 

b 

Formula IX 

where R" is independently selected from monovalent reactive groups, monovalent 

alkyl groups, or monovalent aryl groups, any of the foregoing which may further comprise 

10 functionality selected from hydroxy, amino, oxa, carboxy, alkyl carboxy, alkoxy, amido, 

carbamate, carbonate, halogen or combinations thereof; and monovalent siloxane chains 

comprising 1-100 Si-0 repeat units which may further comprise functionality selected from 

alkyl, hydroxy, amino, oxa, carboxy, alkyl carboxy, alkoxy, amido, carbamate, halogen or 

combinations thereof; 

15 [00115] where b «= 0 to 500, where it is understood that when b is other than 0, b is a 

distribution ha ving a mode equal to a stated value; 

[00116] wherein at least one R' comprises a monovalent reactive group, and in some 

embodiments between one and 3 R' comprise monovalent reactive groups. 

[00117] As used herein "monovalent reactive groups" are groups that can undergo free 

20 radical and/or eationic polymerization. Non-limiting examples of free radical reactive groups 

include (meth)acrylates, styryls, vinyls, vinyl ethers, substituted or unsubstituted 

Ci.6alkyl(meth)acrylates, (meth)acrylamides, Chalky l(meth)acrylamides, iV-vinyliactams, N-

viny (amides. C^-nalkenyls, Ci-nalkenylpheiiyls, C2-i2alkenylnaphthyls, 

Ci-ealkenylphenyiCi-ealkyls, O-vinylearbamates and O-vinyl carbonates. Suitable substituents on 

25 said CI-6 alkyls include ethers, hydroxyls, carfooxyis,, halogens and combinations thereof. Non-

limiting examples of cationic reactive groups include vinyl ethers or epoxide groups and 

mixtures thereof. In one embodiment the free radical reactive groups comprises (meth)acrylate, 

acryloxy, (meth)acrylamide, and mixtures thereof. 
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100! 18] Suitable monovalent alkyl and aryl groups include unsubstituted monovalent Cj to 

Chalky! groups, and in some embodiments C1-C4 alkyl groups,CC-CH aryl groups, such as 

substituted and unsubstituted methyl, ethyl, propyl, butyl, 2-hydroxypropyi, propoxypropyl, 

polvethyleneoxypropyl, combinations thereof and the like, 

5 [00119] In one embodiment R2 is selected from C1. /.a 1 k yl{ me • h }a cry i a! cs, and 

C].6alkyl(meth)acrylamides, which may be unsubstituted or substituted with hydroxyl, alkylene 

ether or a combination thereof. In another embodiment R is selected from 

propyl(meth)a.crylates and propyl (nieth)aeryianiides, wherein said propyl may be optionally 

substituted with hydroxy!, alkylene ether or a combination thereof. 

10 [00120] In one embodiment b is zero, one R2 is a monovalent reactive group, and at least 3 

R] are selected from monovalent alkyl 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 include 2~methy!-,2-hydroxy~3~[3~[i,3,3,3-

tetramethyl-l-[(trimethyl§ilyl)oxy]disiloxanyl]propoxy]propyl ester ("SiGMA"), 

15 [00121] 2-liydroxy-3-methacryloxypropyloxypropyl-tris(trimethylsiloxy)siiane, 

[00122] 3~methacryloxypropyltris(trimetliylsiloxy)silane ("TRIS"), 

[00123] 3-methacryloxypropylbis(trimethylsiloxy)methylsilane and 

[00124] 3~methacryloxypropyipentamethyi disiloxane. 

In another embodiment, b is 2 to 20, 3 to 15 or in some embodiments 3 to 10; at least one 

20 terminal Rr 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, 

one terminal R2 comprises a monovalent reactive group selected from substituted or 

unsubstituted Ci^alkyl(meth)acrylates, substituted or unsubstituted Ci-(jalkyl(meth)acrylamides, 

25 the other terminal Rz comprises a monovalent alkyl group having 1 to 6 carbon atoms and the 

remaining R2 comprise monovalent alkyl group having 1 to 3 carbon atoms. Non-limiting 

examples of silicone components of this embodiment include (mono-(2-hydroxy-3-

methacryloxypropyl)-propyi ether terminated polydimethylsiloxane (400-1000 MW)) ("OH-

mPDMS"), monomethacryloxypropyl terminated mono-n-butyl terminated 

30 polydimethylsiloxanes (800-1000 MW), ("mPDMS"), A~(2,3-dihydroxypropane)-Ar-(propyi 
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tetra(dimethylsiloxy) dimethylbutylsilane)acrylamide methacryamide silicones of the following 

formulae (si) through (s6); 

/1 \ I 
i—O SI—n-Bu 

/ 
N 

O 

Si—O-j-Si—n-
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10 

15 

Si—Oj-Si—n-Bu 

. .41 

O (s6). 

In another embodiment b is 5 to 400 or from 10 to 300, both terminal R comprise 

monovalent reactive groups and the remaining Rz are independently selected from monovalent 

alkyl groups having 1 to 18 carbon atoms which may have ether linkages between carbon atoms 

and may farther comprise halogen. 

[00126] In another embodiment, one to four R~ comprises a vinyl carbonate or carbamate 

of the formula: 

R O 
I! 

C (CH2)q~w i 

Formula X 

wherein: Y denotes Q~, S- or Nil-: 

R denotes hydrogen or methyl; and q is 0 or 1. 

The silicone-containing vinyl carbonate or vinyl carbamate monomers specifically 

include: 1,3-bis[4-(viny loxycarbonyioxyjbut-1 -y Ijtetramethyl-disiloxane; 3-

(vinyloxycarbonylthio) propyl-[tris (trimethyisiloxy)silane]; 3-[tris(trimethylsiloxy)silyl] propyl 

allyl carbamate; 3-[tris(trimethylsiloxy)silyl] propyl vinyl carbamate; trimethylsilylethyl vinyl 

carbonate; trimethvlsilvlmethvl vinyl carbonate, and 

O CH, 

H2c=c—-OCO(CH3)4—Si -O-

CHq 

CH3 

-Si- O 

CH3 

CH 3 

Si— 

CH, 

O 

-(CH2)4OCO—C= 
H 

:CH'> 

25 

20 [00130| Formula XI 
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Where biomedical devices with modulus below about 200 are desired, only one 
•"I 3 '•> 

Rx shall comprise a monovalent reactive group and no more than two of the remaining R' groups 

will comprise monovalent siloxane groups, 

[00132] In one embodiment, where a silicone hydrogel lens is desired, the lens will be 

made from a reaction mixture 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 is made. 

[00133] Another class of silicone-containing components includes polyurethane 

macromers of the following formulae: 

(*D*A*D*G)a *D*D*E!; 

E(*D*G*D*A)S *D*G*D*E! or; 

}*A*I *D*A*D*E! 

Formulae XII-XIV 

wherein: 

D denotes an alky] diradical, an alkyl cycloalkyl diradical, a cycloalkyl diradical, 

an aryl diradical or an alkylaryl diradical having 6 to 30 carbon atoms, 

[00136] G denotes an alky] diradical, a cycloalkyl diradical, an alkyl cycloalkyl diradical, 

an aryl diradical or an alkylaryl diradical having 1 to 40 carbon atoms and which may contain 

ether, thio or amine linkages in the main chain; 

* denotes a ure thane or ureido linkage; 

a is at least 1; 

A denotes a divalent polymeric radical of Formula: 
- pi7-

-(CH2)V SiO-

R1 D17 

Si (CH2}V 

Ri; 

Formula XV 
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R1' independently denotes an alkyl or fluoro-substituted alkyl group having 3 

to 10 carbon atoms which may contain ether linkages between carbon atoms; v is at least 1; and n 

provides a moiety weight of 400 to 10,000; each of E and E independently denotes a 

polvmerizable unsaturated organic radical represented by formula: 

R12 
R13CH—C (CH2}VV (X)x (Z)2 (Ar)y R^---

Formula XVI 

[00141] wherein: Rl2 is hydrogen or methyl; R 3 is hydrogen, an alkyl radical having 1 to 

6 carbon atoms, or a — -CO—-Y R 1 radical wherein Y is O , S-— or -NH ; R"; is a Cj,$ 

monovalent alkyl, and in some embodiments an unsubstituted CM alkyl; R'4 is a divalent radical 

10 having 1 to 12 carbon atoms; X denotes --CO or OCQ—; Z denotes O or —-NH ; Ar 

denotes an aromatic radical having 6 to 30 carbon atoms; w is 0 to 6; x is 0 or 1; v is 0 or 1; and z 

is 0 or 1. 

100142] In one embodiment the silicone-containing component comprises a polyurethane 

macromer represented by the following formula: 

o 
^H^C-CQCHjCH, 

CB; 

CK. CH) 
O O G O * /! \\ 

•OCN- R18— rCOCH^CH^aCHjCHjOCN- R16- rCqCKj)d f-SiCH Si— (CH2)ri 

H H M H \ I M 
CHs Cf+| 

0 6 O O CH 
Si i! I! !! I 

OCN- R,.,- NCCCH?CH?aCH,CH,OCi^~ Rio— NCO-CHSCH-.COOC=: 
I I I I 
H H H H 

Formula XVII 

wherein R " is a diradical of a diisocyanate after removal of the isocyanate group, 

20 such as the diradical of isophorone diisocyanate; a is 1-5, d is 3-4 and c is 10-200 or 10-100. 

Another suitable silicone containing macromer is compound of formula XVIII (in which f + g is 

a number in the range of 10 to 30 and h is a number in the range of 20-30, 22-26 or 25) formed 

by the reaction of fluoroether, hydroxy-terminated polydimethylsiioxane, isophorone 

diisocvanate and isocvanatoethylmethaervlate. 
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Formula XVIII 

[00144] Other silicone-containing components suitable for use include those described is 

5 WO 96/31792 such as macromers containing polysiloxane, polyalkylene ether, diisocyanate, 

polyfluorinated hydrocarbon, polyfluorinated ether and polysaccharide groups. Another class of 

suitable silicone-containing components includes silicone containing macromers made via GTP, 

such as those disclosed in U.S. Pat Nos. 5,314,960; 5,331,067; 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 

10 polar fluorinated graft or side group having a hydrogen atom attached to a terminal difluoro-

substituted carbon atom. US 2002/0016383 describes hydrophilic siloxanyl methacrylates 

containing ether and siloxanyl linkages and crosslinkable monomers containing polyether and 

polysiloxanyl groups. Any of the foregoing polysiloxanes can also be used as the silicone-

containing component, 

15 [00145] In one embodiment of the present invention where a modulus of less 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 polvmerizable functional group 

("monofunctional silicone containing component"). In this embodiment, to insure the desired 

balance of oxygen transmissibility and modulus it is preferred that all components having more 

20 than one polymerizable functional group ("multifunctional components") make up no more than 

10 mmol/100 g of the reactive components, and preferably no more than 7 mmol/100 g of the 

reactive components. 

[00146] In another embodiment, the reaction mixtures are substantially free of silicone 

containing components which contain trimethylsiloxy groups. 
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The silicone containing components may be present in amounts up to about 85 

weight %, and in some embodiments between about 10 and about 80 and in other embodiments 

between about 20 and about 70 weight %, based upon all reactive components, 

[00148] Hydrophilic components include those which are capable of providing at least 

5 about 20% and in some embodiments at least about 25% water content to the resulting lens when 

combined with the remaining reactive components. Suitable hydrophilic components include 

hydrophilic monomers, prepolymers and polymers and may be present in amounts between about 

10 to about 60 weight % based upon the weight of ail reaetiye components, in some 

embodiments about 15 to about 50 weight %, and in other embodiments between about 20 to 

10 about 40 weight %, The hydrophilic monomers that may be used to make the polymers have at 

least one polymerizable double bond and at least one hydrophilic functional group. Examples of 

polymerizable double bonds include acrylic, methacrylic, acrylamido, methaerylamido, fumaric, 

maleic, styryl, isopropenylphenyl, O-vinylcarbonate, O-vinylcarbamate, allylic, O-vinylacetyl 

and iV-vinyllactam and A-vinylamido double bonds. Such hydrophilic monomers may 

15 themselves be used as crosslinking agents, "Acrylic-type" or "acrylic-containing" monomers are 

those monomers containing the acrylic group 
O 

C~-—Q 
R-'HCZZX 

\ 
R 

[00149] wherein R is H or i'lh, R is H, C|.|unsubstituted alkyl or carbonyl, and Q is 0 or 

N, which are also known to polymerize readily, such as N,N-dimethylacrylarnide (DMA), 2-

20 hydroxyethyl (meth)acrylate, glycerol methacrylate, 2-hydroxyethyl methacrylamide, 

polyethyleneglycoI monomethacrylate, methacrylic acid, acrylic acid, mixtures thereof and the 

like. 

[00150] Hydrophilic vinyl-containing monomers which may be incorporated into the 

hydrogels include monomers such as A-vinyl lactams (e.g. A'-vinyl pyrrolidone (NVP)), A'-vinyl-

25 2- piperidone, A-vinyl-2-caprolactam, A'-vinyl-3-methyl-2- caprolactam, A-vinyl-3-methyl-2-

piperidone, A'-vinyl-4-methyl-2- piperidone, A?-vinyl-4-methyl-2-caprolactam, A7-vinyl-3-ethyl-2-

pyrrolidone, A-vinyl-4,5-dimethyl-2-pyrrolidone); A-vinyl-A-methyl acetamide, A-vinyl-A-ethyl 

acetamide, A'-vinyl-A-ethyl formamide, A-vinyl formaniide, A-2~hydroxyethyl vinyl carbamate, 
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A-carboxy-B-alanine A'-vinyl ester, vinylimidazole, with NVP being preferred in one 

embodiment. 

[00151] Additional hydrophilic monomers which may be used include acrylamide, N,N-

bis(2-hydroxyethyl)acrylamide, acrvlonitrile, iV~isopropvl acrylamide, vinyl acetate, 

5 (meth)aerylie acid, polyethylene glycol (meth)acrylates, 2-ethyl oxazoline, A/-(2-hydroxypropyl) 

(meth)acrylamide, Ar-(2-hydroxyethyl) (meth)acrylamide, 2-methacryloyloxyethyl 

phosphorylcholine, 3-(dimethyl(4-vinylbenzy l)ammonio)propane-1 -sulfonate (DMVBAPS), 3-

((3-acrylamidopropyl)dimethylammonio)propane-1 -sulfonate (AMPDAPS), 3-((3-

methacrylamidopropyl)dimethylammonio)propane-1 -sulfonate (MAMPDAPS), 3-((3-

10 (acryloyloxy)propyl)dimethylammonio)propane-1 -sulfonate (APDAPS), 

methacryloyloxy)propyl)dimethylammonio)propaoe-1 -sulfonate (MAPDAPS), N-vinyl-N-

methylacetamide, ALvinylacetamide, ^-vinyl-JV-methylpropionamide, ;V-vim- l-.Y-methy 1-2-

methylpropionamide, A^vinyl-2-methylpropioiiamide» A'~vinyl-/\',,A'r'-dimethyiurea, and the like, 

and mixtures thereof. In one embodiment suitable hydrophilic monomers comprise A-vinyl 

15 pyrrolidone, A"-vmyl~ALmethylacetamide, 2-methaeryloyloxyethyl phosphorylcholine, 

(meth)acrylic acid, AvV-dimethylacrylamide, A7~hydroxypropyl methacrylamide, mono-glycerol 

methacrylate, 2-hydroxyethyl acrylamide, bishydroxyethyl acrylamide, and 2,3-dihydroxypropyl 

(meth)acrylarmde and the like and mixtures thereof. 

[00152] In some embodiments the hydrophilic monomers may also comprise charged 

20 monomers including but not limited to methacrylic acid, acrylic acid, 3-acrylaraidopropionic 

acid (ACA1), 4-acrylamidobutanoic acid, 5-acrylaxnidopentanoic acid (ACA2), 3-acrylamido-3-

methylbutanoie acid (AMBA), jV-vinyloxycarbonyl-cx-alanine, N-vinyloxycarbonyl-p-alanine 

(VINAL), 2-vinyi-4,4-dimethyI-2-oxazolin-5-one (VDMO), reactive sulfonate Salts, including, 

sodium-2-(acrylaimdo)-2-methylpropane sulphonate (AMPS), 3-sulphopropyl (meth)acrylate 

25 potassium salt, 3-sulphopropyl (meth)acrylate sodium salt, bis 3- sulphopropyl itaconate di 

sodium, bis 3- sulphopropyl itaconate di potassium, vinyl sulphonate sodium salt, vinyl 

sulphonate salt, styrene sulfonate, sulfoethyl methacrylate, combinations thereof and the like. 

[00153] Other hydrophilic monomers that can be employed include polyoxyethylene 

polvols having one or more of the terminal hydroxyl groups replaced with a functional group 

30 containing a polymerizable double bond. Examples include polyethylene glycol with one or 

more of the terminal hydroxvl groups replaced with a functional group containing a 
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polymerizable double bond. Examples include polyethylene glycol reacted with one or more 

molar equivalents of an end-capping group such as isocyanatoethyl methacrylate ("IEM"), 

methacrylic anhydride, methacryloyl chloride, vinylbenzoyl chloride, or the like, to produce a 

polyethylene polyol having one or more terminal polymerizable olefinic groups bonded to the 

5 polyethylene polyol through linking moieties such as carbamate or ester groups. 

[00154] Still further examples are the hydrophilic vinyl carbonate or vinyl carbamate 

monomers disclosed in U.S. Pat. No. 5,070,215, and the hydrophilic oxazolone monomers 

disclosed in U.S. Pat. No. 4,190,277. Other suitable hydrophilic monomers will be apparent to 

one skilled in the art. 

10 [00155] In one embodiment the hydrophilic monomers which may be incorporated into 

the polymers disclosed herein include hydrophilic monomers such as N,^dimethyl acrylamide 

(DMA), 2-hydroxyethyl aerylate, glycerol methacrylate, 2-hydroxyethyl methacrylamide, N-

vinylpyrrolidone (NVP), jV-vinyl methacrylamide, HEMA, and polyethyleneglycol 

monomethacrylate. 

15 [00156] In another embodiment the hydrophilic monomers include DMA, NVP, HEMA 

and mixtures thereof. 

[00157] The reactive mixtures used to form substrates such as contact lenses may also 

comprise as hydrophilic components one or more polymeric wetting agents. The polymeric 

wetting agents may comprise one or more of the water soluble, crosslinked polymers disclosed 

20 herein, previously disclosed wetting agents or a combination thereof. As used 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, wherein 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 

25 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 yet another 

about 500,000 to about 1,500,000 Daltons. 

[00158] Alternatively, the molecular weight of polymeric wetting agents can be also 

expressed by the K-value, based on kinematic viscosity measurements, as described in 

30 Encyclopedia of Polymer Science and Engineering, M~Vinyl Amide Polymers, Second edition, 

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

about 1 to about 20 weight percent, in some embodiments about 5 to about 20 percent, in other 

embodiments about 6 to about 17 percent, all based upon the total of all reactive components, 

5 [00159] Examples of polymeric wetting agents include but are not limited to polyamides, 

polvlactones, polyimides, polylactams and functionalized polyamides, polylaetones, polyimides, 

polylactams, such as DMA functionalized by copolymerizing DMA with a lesser molar amount 

of a hydroxyl-functional monomer such as HEMA, and then reacting the hvdroxyl groups of the 

resulting copolymer with materials containing radical polymerizable groups, such as 

10 isocyanatoethylmethacrylate or methacryloyl chloride. Polymeric wetting agents made from 

DMA or A'-vinyl pyrrolidone with glycidyl methacrylate may also be used. The glycidyl 

methacrylate ring can be opened to give a diol which may be used in conjunction with other 

hydrophilic prepolymer in a mixed system to increase the compatibility of the component in the 

reactive mixture. In one embodiment the polymeric wetting agents contain at least one cyclic 

15 moiety in their backbone, such as but not limited to, a cyclic amide or cyclic imide. Polymeric 

wetting agents include but are not limited to poly-iV-vinyi pyrrolidone, poiy-*V-vinyl-2-

piperidone, poly-A-vinyI-2-caprolactam, poly-iV-vinyl-3-methyl-2-caprolactara, poly-A-vinyl-3-

rnethyl-2-piperidone, poly-iY-vinyl~4~methyl~2~piperidone, poly-AT-vinyl-4-rnethyl-2-

caprolactam, poly-./V-vmyl-3-ethyl-2- pyrrolidone, and poly-iV-vinyl-4,5-dimethyl-2-pyitolidone, 

20 polyvinylirnidazole, poly-AA\'-dimethylacrylamide, polyvinyl alcohol, polyacrylic acid, 

polyethylene-oxide, poly-2-ethyl-oxazoline, heparin polysaccharides, polysaccharides, mixtures 

and copolymers (including block or random, branched, multichain, comb-shaped or star shaped) 

thereof, where poly-A-vinylpyrrolidone (PVP) is particularly preferred in one embodiment. 

Copolymers might also be used such as graft copolymers of PVP. 

25 [00160| The polymeric wetting agents used in reaction mixtures also provide improved 

wettability, and particularly improved in vivo wettability to the medical devices. Without being 

bound by any theory, it is believed that the polymeric wetting agents are hydrogen bond 

receivers which in aqueous environments, hydrogen bond to water, thus becoming effectively 

more hydrophilic. The absence of water facilitates the incorporation of the polymeric wetting 

30 agents in the reaction mixture. Aside from the specifically named polymeric wetting agents, it is 

expected that any polymer will be useful provided that when said polymer is added to a 
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formulation, the polymer (a) does not substantially phase separate from the reaction mixture and 

(b) imparts wettability to the resulting cured polymer network. In some embodiments it is 

preferred that the polymeric wetting agents be soluble in the diluent at reaction temperatures. 

[00161] Compatibilizing agents may also be used. In some embodiments the 

5 compatibilizing component may be any functionalized silicone containing monomer, macromer 

or prepolymer which, when polymerized and/or formed into a final article is compatible with the 

selected hydrophilic components. The compatibility test disclosed in W003/022321 may be 

used to select suitable compatibilizing agents. In some embodiments, a silicone monomer, 

prepolymer or macromer which also comprises hydroxyl groups is included in the reaction 

10 mixture. Examples include 3-methacryloxy-2-hydroxypropyloxy)propylbis(trimethylsiloxy) 

niethylsilane, mono-(3-methacryloxy-2-hydroxypropyIoxy)propyI terminated, mono-butyl 

terminated polydimethylsiloxane (MW 1100), hydroxyl functionalized silicone containing GTP 

macromers, hydroxyl functionalized macromers comprising polydimethyl siloxanes, 

combinations thereof and the like. In another embodiment, the polymeric wettings may be used 

15 as compatibilizing components. 

[00162] The hydroxy] containing component may also act as a cross-linking agent during 

the formation of substrates such as contact lenses. 

[00163] With respect to making substrates such as contact lenses, it is generally necessary 

to add one or more cross-linking agents, also referred to as cross-linking monomers, to the 

20 reaction mixture, such as ethylene glycol dimethacrylate ("EGDMA"), trimethylolpropane 

trimethacrylate ("TMPTMA"), glycerol trimethacrylate, polyethylene glycol dimethacfylate 

(wherein the polyethylene glycol preferably has a molecular weight up to, e.g., about 5000), and 

other poly(meth)acrylate esters, such as the end-capped polyoxyethylene polyols described 

above containing two or more terminal methacrylate moieties. The cross-linking agents are used 

25 in the usual amounts, e.g., from about 0.000415 to about 0.0156 mole per 100 grams of reactive 

components in the reaction mixture. Alternatively, if the hydrophilic monomers and/or the 

silicone containing monomers act as the cross-linking agent, the addition of a crosslinking agent 

to the reaction mixture is optional. Examples of hydrophilic monomers which can act as the 

crosslinking agent and when present do not require the addition of an additional crosslinking 

30 agent to the reaction mixture include polyoxyethylene polyols described above containing two or 

more terminal mcthacrykite moieties. 
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100! 64] An example of a silicone 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 a, co-bismethacryloypropyl polydimethylsiloxane. 

[00165] The reaction mixture may contain additional components such as, but not limited 

5 to, UV absorbers, photochroniic compounds, pharmaceutical and nutriceutical compounds, 

antimicrobial compounds* reactive tints, pigments, eopolymerizable and non-polymerizable dyes, 

release agents and combinations thereof, 

[00166] Generally the reactive components are mixed in a diluent to form a reaction 

mixture. Suitable diluents are known in the art. For silicone hydrogels suitable diluents are 

10 disclosed in WO 03/022321, US6,020,445 the disclosure of which is incorporated herein by 

reference. 

[00167] Classes of suitable diluents for silicone hydrogel reaction mixtures include 

alcohols having 2 to 20 carbons, amides having 10 to 20 carbon atoms derived from primary 

amines and carboxylic acids having 8 to 20 carbon atoms. In some embodiments primary and 

15 tertiary alcohols are preferred. Preferred classes include alcohols having 5 to 20 carbons and 

carboxylic acids having 10 to 20 carbon atoms. 

[00168] Specific diluents which may be used include l-ethoxy-2-propanol, 

diisopropylaminoethanol, isopropanoL 3,7-dimethyl-3-octanol, 1-decanol, 1-dodecanol, 1-

octanol, 1-pentanol, 2-pentanol, 1-hexanol, 2-hexanol, 2-octanol, 3-methyl-3-pentanol, tert-arnyl 

20 alcohol, tert-butanol, 2-butanol, 1-butanol, 2-methyl-2-pentanol, 2-propanol, 1-propanol, ethanol, 

2-ethyl-1 -butanol, (3-acetoxy-2-hydroxypropyloxy)propylbis(trimethylsiloxy) methylsilane, 1 -

tert-butoxy-2-propanol, 3,3-dimethyi-2-butanol, tert-butoxyethanol, 2-octyl-1 -dodecanol, 

decanoic acid, octanoic acid, dodecanoic acid, 2-(diisopropylamino)ethanol mixtures thereof and 

the like. 

25 [00169] Preferred diluents include 3,7-dimethyl-3-octanol, 1-dodecanol, 1-decanol, 1-

octanol, 1-pentanol, 1-hexanol, 2-hexanol, 2-octanol, 3-methyl-3-pentanol, 2-pentanol, t-amyl 

alcohol, tert-butanol, 2-butanol, 1-butanol, 2-methyi-2-pentanol, 2-ethyl-1 -butanol, ethanol, 3,3-

dimethyl-2-butanol, 2-octyl-1-dodecanol, decanoic acid, octanoic acid, dodecanoic acid, 

mixtures thereof and the like. 

30 [00170] More preferred diluents include 3,7-dimethyl-3-oetanol, 1-dodecanol, 1-decanol, 

1-octanol, 1-pentanol, 1-hexanol, 2-hexanol, 2-octanol, 1-dodecanol, 3-niethyl~3~pentanol, 1-
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pentanol, 2-pentanol, t-amyl alcohol, tert-butanol, 2-butanol, 1-butanol, 2-methyl-2-pentanol, 2-

ethyl- 1-butanol, 3,3-dimethyl-2-butanol, 2-octyl- 1-dodecanol, mixtures thereof and the like. 

[00171] Suitable diluents for non-silicone containing reaction mixtures include glycerin, 

ethylene glycol, ethanol, methanol, ethyl acetate, methylene chloride, polyethylene glycol, 

5 polypropylene glycol, low molecular weight PVP, such as disclosed in US 4,018,853, US 

4,680,336 and US 5,039,459, including, but not limited to boric acid esters of dihydric alcohols, 

combinations thereof and the like, 

[00172] 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 

10 diluent is used in amounts less than about 45% and more preferably in amounts between about 

15 and about 40% by weight of the total of all components in the reaction mixture, 

[00173] A polymerization initiator is preferably included in the reaction mixture used to 

form substrates such as contact lenses. The polymerization initiators includes compounds such 

as lauryl peroxide, benzoyl peroxide, isopropyl percarbonate, azobisisohuiyronitrile, and the like, 

15 that generate free radicals at moderately elevated temperatures, and photoinitiator systems such 

as aromatic alpha-hydroxy ketones,, alkoxyoxybenzoins, acetophenones, acylphosphine oxides, 

bisacylphosphine oxides, and a tertiary amine plus a diketone, mixtures thereof and the like. 

Illustrative examples of photoinitiators are 1 -hydroxycyclohexyl phenyl ketone, 2-hydroxy-2-

methyl-1 -phenyl-propan-1 -one, bis(2,6~dimethoxybenzoy l)-2,4-4~trimethy Ipentyl phosphine 

20 oxide (DMRAPO), bis(2,4,6-trirnethylbenzoyl)-phenyi phosphineoxide (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-

dimethylamino)benzoate. Commercially available visible light initiator systems include Irgacure 

819, Irgacure 1700, Irgacure 1800, irgacure 819, Irgacure 1850 (all from Ctba Specialty 

25 Chemicals) and Lucirin TPO initiator (available from BASF). Commercially available UV 

photoinitiators include Darocur 1173 and Darocur 2959 (Ciba Specialty Chemicals). These and 

other photoinitiators which may be used are disclosed in Volume III, Photoinitiators for Free 

Radical Cationic & Anionic Photopolymerization, 2nd Edition by J.V. Crivello & K. Dietiiker; 

edited by G. Bradley; John Wiley and Sons; New York; 1998, which is incorporated herein by 

30 reference. The initiator is used in the reaction mixture in effective amounts to initiate 

photopolymerization of the reaction mixture, e.g., from about 0.1 to about 2 parts by weight per 
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100 parts of reactive monomer. Polymerization of the reaction mixture can be initiated using the 

appropriate choice of heat or visible or ultraviolet light or other means depending on the 

polymerization initiator used. Alternatively, initiation can be conducted without a photoinitiator 

using, for example, e-beam. However, when a photoinitiator is used, the preferred initiators are 

5 hisaeylphosphine oxides, such as bis(2,4,6-trimethylbenzoyl)-phenyl phosphine oxide (Irgacure 

819®) or a combination of 1 -hydroxycyclohexyl phenyl ketone and bis(2,6-dimethoxybenzoyl)-

2,4-4-trursct by!pcnty! 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®). 

10 [00174] The preferred range of silicone-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 

15 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 50 weight 

percent, and most preferably about 15 to 40 weight percent of the total reaction mixture 

(including reactive and nonreactive components). 

[00175] The reaction mixtures can be formed by any of the methods known to those 

20 skilled in the art, such as shaking or stirring, and used to form polymeric articles or devices by 

known methods. 

[00176] For example, the biomedical devices may be prepared by mixing reactive 

components and the diiuent(s) with a polymerization initiator and curing by appropriate 

conditions to form a product that can be subsequently formed into the appropriate shape by 

25 lathing, cutting and the like. Alternatively, the reaction mixture may be placed in a mold and 

subsequently cured into the appropriate article. 

[00177] Various processes are known for processing the reaction mixture in the 

production of contact lenses, including spincasting and static casting. Spincasting methods are 

disclosed in U.S. Pat. Nos. 3,408,429 and 3,660,545: and static casting methods are disclosed in 

30 U.S. Pat. Nos. 4,113,224 and 4,197,266. The preferred method for producing contact lenses is 

by the molding of the silicone hydrogels, which is economical, and enables precise control over 
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the final shape of the hydrated lens. For this method, the reaction mixture is placed in a mold 

haying the shape of the final desired silicone hydrogel, i.e., water-swollen polymer, and the 

reaction mixture is subjected to conditions whereby the monomers polymerize, to thereby 

produce a polymer/diluent mixture in the shape of the final desired product. Then, this 

5 polymer/diluent mixture is treated with a solvent to remove the diluent and ultimately replace it 

with water, producing a silicone hydrogel ha ving 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 lenses and is farther described in U.S. Pat. Nos. 4,495,313; 4,680,336; 4,889,664; 

and 5,039,459, incorporated herein by reference. 

10 [00178] Biomedical devices, and particularly ophthalmic lenses, have a balance of 

properties which makes them particularly useful. Such properties include clarity, water content, 

oxygen permeability and contact angle. The incorporation of at least one WSC polymer 

according to embodiments of the present invention provides articles having very desirable 

wettability/contact angles with solutions and improved biometric performance as evidenced by 

15 reduced lipocaiin, lipid and mucin uptake levels. Silicone hydrogel contact lenses incorporating 

the WSC polymers 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 50% or more and silicone hydrogel lenses having about 

12 jtg, 10 fig, or even 5 fig or less may be produced. In one embodiment, the biomedical 

20 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%. 

[00179] Suitable oxygen permeabilities for silicone containing lenses are preferably 

greater than about 40 barrer and more preferably greater than about 60 barrer. 

[00180] In some embodiments the articles of the present invention have combinations of 

25 the above described oxygen permeability, water content and contact angle. AH combinations of 

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

[00181] The non-limiting examples below further describe this invention. 

[00182] 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 

30 solution. The lenses to be tested (3-5/sample) were rinsed in DI water to remove carry over from 

packing solution. Each test lens was placed on blotting lint free wipes which were dampened 
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with packing solution. Both sides of the lens were contacted with the wipe to remove surface 

water without drying the lens. To ensure proper flattening, lenses were placed "bowl side down" 

on the convex surface on contact lens plastic moulds. The plastic mould and the lens were placed 

in the sessile drop instrument holder, ensuring proper central syringe alignment and that the 

5 syringe corresponds to the assigned liquid. A 3 to 4 microliter of DI water drop was formed on 

the syringe tip using DSA lGQ-Drop Shape Analysis software ensuring the liquid 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 

liquid drop was allowed to equilibrate on the lens for 5 to 10 seconds and the contact angle was 

10 computed based on the contact angle measured between the drop image and the lens surface, 

[00183] The water content may be measured as follows: lenses to be tested were allowed 

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 

15 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. 

[00184] 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 applied until at least 0.4 inches 

20 Hg is attained. The vacuum valve and pump were turned off and the lenses were dried for four 

hours. The purge valve was opened and the oven was allowed reach atmospheric pressure. The 

pans were removed and weighed. The water content was calculated as follows: 

Wet weight = combined wet weight of pan and lenses - weight of weighing pan 

Dry weight = combined dry weight of pan and lens - weight of weighing pan 

25 % water content = ( wet weight - dry weight) x 100 
wet weight 

[00185] The average and standard deviation of the water content are calculated for the 

samples are reported. 

[00186] Oxygen permeability (Dk) may be determined by the polarographic method 

30 generally described in ISO 18369-4:2006,but with the following variations. The measurement is 

conducted at an environment containing 2.1% oxygen. This environment is created by equipping 
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the test chamber with nitrogen and air inputs set at the appropriate ratio, for example 1800 

ml/min of nitrogen and 200 ml/min of air. The t/Dk is calculated using the adjusted p02. 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 before measuring. 

5 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 plotted against the thickness. The inverse of the regressed slope is the preliminary 

Dk of the sample. If the preliminary Dk of the sample is less than 90 barrer, then an edge 

correction of (1 + (5,88(CT in cm))) is applied to the preliminary L/Dk values. If the preliminary 

10 Dk of the sample is greater than 90 barrer, then an edge correction of (1 + (3,56(CT in cm))) is 

applied to the preliminary L/Dk values. 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. 

[00187] Lipocalin uptake can be measured using the following solution and method. The 

15 lipocalin solution contained B Laetogiobulin (Lipocalin) from bovine milk (Sigma, 1.3908) 

solubiiized at a concentration of 2 mg/ml in phosphate saline buffer (Sigma, D8662) 

supplemented by sodium bicarbonate at L37g/1 and D-Glucose at 0.1 g/1. 

[00188] Three lenses for each example were tested using the lipocalin solution, and three 

were tested using PBS as a control solution. The test lenses were blotted on sterile gauze to 

20 remove packing solution and aseptically transferred, using sterile forceps, into sterile, 24 well 

cell culture plates (one lens per well) each well containing 2 ml of lipocalin solution. Each lens 

was fully immersed in the solution. Control lenses were prepared using PBS as soak solution 

instead of lipocalin. The plates containing the lenses immersed in lipocalin solution as well as 

plates containing control lenses immersed in PBS, were parafilmed to prevent evaporation and 

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

72 hours. After the 72 hour incubation period the lenses were rinsed 3 to 5 times by dipping 

lenses into three (3) separate vials containing approximately 200 ml volume of PBS. The lenses 

were blotted on a paper towel to remove excess PBS solution and transferred into sterile 24 well 

plates each well containing 1 ml of PBS solution. 

30 [00189] 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 
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(the standards prep is described in the kit) and is calculated by subtracting the optical density 

measured on PBS soaked lenses ( background) from the optical density determined on lenses 

soaked in lipocalin solution. Optical density was measured using a Synergy!! Micro-plate reader 

capable for reading optical density at 562 nm. 

5 [00190] Mucin uptake can be measured using the following solution and method. The 

Mucin solution contained Mucins from bovine submaxillary glands (Sigma, M3895-type 1-S) 

solubilized at a concentration of 2 nig/ml in phosphate saline buffer (Sigma, D8662) 

supplemented by sodium bicarbonate at 1.37g/l and D-Glucose at 0,1 g/1. 

[00191] Three lenses for each example were tested using Mucin solution, and three were 

10 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 ml of Mucin solution. Each lens was fully 

immersed in the solution. Control lenses were prepared using PBS as soak solution instead of 

lipocalin. 

15 [00192] 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 blotted on a 

20 paper towel to remove excess PBS solution and transferred into sterile 24 well plates each well 

containing 1 ml of PBS solution, 

[00193] Mucin 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 described in the kit) and is calculated by subtracting the optical density 

25 measured on PBS soaked lenses (background) from the optical density determined on lenses 

soaked in Mucin solution. Optical density was measured using a Synergy!! Micro-plate reader 

capable for reading optical density at 562nin, 

[00194] Cell viability can be evaluated in vitro using a reconstituted corneal epithelium 

tissue construct. The tissue construct was a full thickness corneal epithelium (corneal epitheliam 

30 tissue from Skinethies) reconstituted and grown in vitro on a polycarbonate insert at the air liquid 

interface to form a fully stratified epithelial construct. 
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|00195] For the evaluation of lenses a punch biopsy (0.5 cm7) of the lens was applied 

topically onto the tissue followed by a 24-hour incubation at 37°C, 5 % CO?. The lens biopsy 

was removed, and tissue was washed with PBS, Cell viability was then measured using the MTT 

colorimetric assay (Mosman, T, Rapid colorimetric assay for cellular growth and survival: 

5 application to proliferation and cytotoxicity assays. J. Immunol. 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. Results were expressed as a percentage of 

the PBS control (tissues treated with PBS versus lens-treated tissues). 

10 [00196] For the evaluation of solutions 30pg of solution was applied topically onto the 

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

triplicate. 

[00197] Lipid uptake was measured as follows: 

[00198] A standard curve was set up for each lens type under investigation. Tagged 

15 cholesterol (cholesterol labeled with NBD ([7-nitroben^-2-oxa-1,3-diazol-4-yl], CH-NBD; 

Avanti, Alabaster, AL}} was solubilized in a stock solution of 1 mg /ml lipid in methanol at 

35°C. Aliquots were taken from this stock to make standard curves in phosphate-buffered saline 

(PBS) at pH 7,4 in a concentration range from 0 to 100 micg /mL. 

[00199] One milliliter of standard at each concentration was placed in the well of a 24-

20 well cell culture plate, 10 lenses of each type were placed in another 24-well. plate and soaked 

alongside the standard curve samples in 1 mL of a concentration of 20 micg /ml of CH-NBD. 

Another set of lenses (5 lenses) were soaked in PBS without lipids to correct for any 

auto fluorescence produced by the lens itself. All concentrations were made up in phosphate 

buffered saline (PBS) at pH 7.4. Standard curves, test plates (containing lenses soaked in CH-

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

maintain darkness and were incubated for 24 hours, with agitation at 35.(1 After 24 hours the 

standard curve, test plates and control plates were removed from the incubator. The standard 

curve plates were immediately read on a micro-plate fluorescence reader (Synergy FIT)), 

[00200] The lenses from the test and control plates were rinsed by dipping each individual 

30 lens 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 in a 
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fresh 24-well plate containing 3 mL of PBS in each well and read on the fluorescence reader. 

After the test samples were read, the PBS was removed, and 1 mL of a fresh solution of CH-

NBD were placed on the lenses in the same concentrations as previously mentioned and placed 

back in the incubator at 35°C, with rocking, until the next period. This procedure was repeated 

5 for 15 days until complete saturation of lipids on lenses. Only the lipid amount obtained at 

saturation was reported, 

[00201] Lysozvme uptake can be measured as follows: The lysozvme solution used for the 

lysozyme 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 

10 1.37g/l and D-Glueose at 0,1 g/1. 

[00202] The lipocalin solution contained B Lactoglobuliii (Lipocalin) from bovine milk 

(Sigma, L3908) solubilized at a concentration of 2 mg/ml in phosphate saline buffer 

supplemented by Sodium bicarbonate at 1,57g/1 and D-Glucose at 0.1 g/1, 

[00203] Three lenses for each example were tested using each protein solution, and three 

15 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 ml of lysozyme solution. Each lens 

was fully immersed in the solution. 2 ml of the lysozyme solution was placed in a well without a 

contact lens as a control . 

20 [00204] The plates containing the lenses and the control plates containing only protein 

solution and the lenses in the PBS, were parafilmed to prevent evaporation and dehydration, 

placed onto an orbital shaker and incubated at 35°C, with agitation at 100 ppm 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 

25 blotted on a paper towel to remove excess PBS solution and transferred into sterile conical tubes 

(1 lens per tube), each tube containing a volume of PBS determined based upon an estimate of 

lysozyme uptake expected based upon on each lens composition. The lysozyme concentration in 

each tube to be tested needs to be within the albumin standards range as described by the 

manufacturer (0.05 microgram to 30 micrograms). Samples known to uptake a level of 

30 lysozyme lower than 100 p,g per lens were diluted 5 times. Samples known to uptake levels of 

lysozyme higher than 500 jig per lens (such as etafilcon A lenses) are diluted 20 times. 
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|00205] I ml aliquot of PBS was used for all samples other than etafilcon. 20ml were 

used for etafilcon A lens. Each control lens was identically processed, except that the well plates 

contained PBS instead of either lysozyme or lipocalin solution. 

[00206] Lysozyme and lipocalin uptake was determined using on-lens bicinchoninic acid 

5 method using QP-BCA kit ( Sigma, QP-BCA) following the procedure described by the 

manufacturer (the standards prep is described in the kit) and is calculated by subtracting the 

optical density measured on PBS soaked lenses ( background) from the optical density 

determined on lenses soaked in lysozyme solution. 

[00207] Optical density can be measured using a Synergyll Micro-plate reader capable for 

10 reading optical density at 562nm, 

[00208] The following abbreviations will be used throughout the Preparations and 

Examples and have the following meanings. 

[00209] ACA1 3-acrylamidopropionic acid; 

[00210] ACA2 5-acrylami.dopent'anoi.c acid; 

15 [00211] AIBN 2,2'-azobisisobutyronifrile (Sigma-Aldrich) 

[00212] 4-BBB 4-{bromomethyl)benzoyl bromide (Sigma-Aldrich); 

[00213] DMA /V,A-dimethylacrylamide (Jarchem) 

[00214] Irgacure-819 bis(2,4,6-trimethylbenzoyl)~phenylphosphineoxide (Ciha Specialty-

Chemicals); 

20 [00215] KX potassium O-ethyl xanthogenate; 

[00216] mPDMS monomethacryloxypropyl terminated mono-n-butyl terminated 

polyclimethylsiloxane (800-1000 MW); 

[00217] NaHTTC sodium hexyltrithiocarbonate; 

[00218] i IB IK 5-hexyl-5'~henzyl-trithiocarbonate, prepared in Preparation 4 

25 [00219] MBA A^A'-methylenebisacrylamide (Sigma Aldrich) 

[00220] MBMA A' jV-methylene bismethacrylamide (TCI) 

[00221] NVP /Y-yinylpyrroiidone (Acros Chemical), further purified via vacuum 

distillation; 

[00222] HO-mPDMS mono-(2-hydroxy-3-methacryloxypropyl)-propyl ether terminated 

30 polydimethylsiloxane (400-1000 MW)): 
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[00223] SiGMA 2-methyK2-hydroxy-3-[3-[I3,3,3-tetramethyl-l _ 

[(trimethyisiIyl)oxy]disiloxanyI]propoxy]propy[ ester; 

[00224] TRIS-VC tris(trimethylsiloxy)silylpropyl vinyl carbamate; 

[00225] V2D25 3 silicone-containing vinyl carbonate describe at col. 4, lines 33-42 of 

5 US5,260,000 

[00226] D3G 3,7-dimethyl-3-octanol 

[00227] HPMA A-(2-hydroxypropyl) methacrylamide (Polysciences, Inc.) 

[00228] (VA-044) 2,2,-azobis[2-(2-imidazoliA-2"yl)propane]dihydrochloride, Wako 

Specialty Chemicals 

10 [00229] DPRS Dulbecco's Phosphate Buffered Saline Ix (Cellgro) 

[00230] Borate buffer is an ophthalmic solution containing the following components 
Component Wt% 
Deiemzed Water 98.48 
Sodium Chloride 0.44 
Boric Acid 0.89 
Sodium Borate Pecahydrate 0.17 
Ethylenedi amine 
Telraacetaie (EDTA) 0.01 

[00231] Preparation 1, Synthesis of polv(iV-{2-hvdroxypropvl methacrylamide) 

(PHPMA) Nanogel via RAFT Polymerization 

15 [00232] HPMA was dissolved in hot acetonitrile, filtered and precipitated. The CTA, 4-

cyano-4-(ethyltrithiocarbonate)pentanoic acid (ETP), was obtained from Poly Sciences and used 

as received. MBMA, VA-044, and Dulbecco's Phosphate Buffered Saline were used as received, 

in the amounts listed in Table , 1. 

Table i 

Materials Amount 

HPMA 100g 

MBMA 850mg 

ETP 615mg 

VA-044 2.25g 

DPBS 2QQg 

20 
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The polymerization solution was prepared by adding HPMA, CTA, MBMA and 

buffer to a 500mL round-bottom three neck flask. The flask was connected to a mechanical 

stirrer and closed to the atmosphere, and nitrogen was bubbled through the monomer mix, A 

5 heating mantle was placed under the flask and it was warmed to 50°C. VA-044 was weighed in 

a 20mL vial and dissolved in 8g of DPBS to form an initiator solution. It was purged of O2 with 

N-> in an N2 atmosphere for 30 minutes. After one hour of stirring and heating the monomer mix 

was completely dissolved and degassed. The initiator solution was then added to the monomer 

mix via syringe. 

10 [00234] The polymerization solution was cured under an N2 atmosphere at 50°C for 180 

minutes with continuous stirring. The temperature was monitored to make sure it did not rise 

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

[00235] After curing, the resulting solid polymerized material was added drop-wise to 

vigorously stirring acetone to precipitate the product. A 2L flask filled with 1600mL of acetone 

15 was used. The precipitated polymer was dried in vacuo for several hours. It was further purified 

via tangential flow filtration. The polymer was analyzed for MW and MWD via SEC-MALLS. 

RAFT Polymerization 

[00237] Materials: DMA was further purified via vacuum distillation. The CTA, S-

20 benzyl-S'-hexyl-trithiocarbonate (HBTTC) was prepared according to Preparation 4. The MBA, 

and AIBN were used as received, in the amounts shown in Table 2, 

Table 2 

Materials Amount 

DMA 125.Og 

HBTTC 3.59g 

AIBN 104: rig 

MBA 2.46g 

1-Propano! 125.Og 
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[00238] 125g of DMA and 1-propane 1 were weighed in a 500mL three-neck flask. Next, 

HBTTC and MBA were added, and the solution was purged with Ng for one hour to remove 0> 

while stirring with a mechanical stirrer. AIBN (CTA to initiator ratio=20) was weighed into a 

vial and dissolved in 5g of 1-propanol. It was then purged with N2 in an N2 atmosphere for one 

5 hour to remove O: from the solution. 

[00239] The solution was heated to 60"C, and the initiator solution was injected into the 

monomer solution. The temperature of the reaction mixture was monitored throughout the 

polymerization. It was never allowed to rise above 70°C. A water bath was used to cool the 

flask when necessary. The total reaction time was 210 minutes. The reaction mixture was 

10 quenched by exposing it to air and bubbling air through it. 

[00240] After curing, the polymer was added drop-wise to vigorously stirring diethyl ether 

to precipitate the product. A 2L flask containing 1600ml, ether was used. The precipitated 

polymer was dried in vacuo for several hours. It was further purified via Soxhlet extraction in 

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

[00241] Preparation 3, Synthesis of Linear PHPMA Homopolvmer 

[00242] The HPMA and V~50Iwere used as received. 

[00243] 650 g of HPMA and 4875 g DI water were added to a 12 L flask equipped with a 

sparge tube, overhead stirrer, and temperature probe. The resulting solution was sparged with 

20 N> and stirred at 250 rpm for two hours while allowing the solution temperature to reach 65°C. 

[00244] Once the reaction at reached 65°C, 0.85 g Y-501 was added and the solution 

temperature was raised to 70°C and held at that temperature for 24 hours. The heat was removed 

and the reaction was allowed to cool to 40°C. 

[00245] The resulting polymer solution was divided into 600 mL portions and each 

25 portion was precipitated from 2 L of acetone. The isolated solid polymer was filtered and dried 

overnight in a hood, then broken up and dried over 24-48 hours. Because the polymer was still 

wet, it was placed in a Waring blender with 2 L of acetone (in 5 portions) and blended for 2 

minutes to remove additional water. The solid ground polymer was once again isolated and 

dried for 24-48 hours at 50-55 degrees C. The polymer was then dissolved in 4500 g of 

30 methanol and precipitated (portion-wise) from acetone in a Waring blender. The high shear 

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

for MW and MWD via SEC-MALLS. 

[00246] Preparation 4. Synthesis of S'-hexyl-iS"benzyl-trithiocarbonate (HBTTC) 

5 [00247] Sodium in kerosene (Sigma Aldrieh) 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-hexanethiol (Sigma Aldrieh) in several aliquots, Carbon disulfide (Sigma Aldrieh) 

was added drop-wise via syringe. The solution turned yellow immediately. The solution was 

allowed to react for 15 minutes. Benzyl bromide (Sigma Aldrieh) was then added dropwise via 
10 syringe. A precipitate formed immediately. The reaction was allowed to proceed for two hours. 

A yellow oil 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 

aqueous layer was approximately 50mL and was extracted three times with 50mL of hexane. 

The hexane was combined, dried over "NU^SCM and reduced to dryness via rotary evaporation. H 

15 NMR (300 MHz, CDCh): 8 (ppm) 0.875-1.125 <t, 3H), 1.25-1.63 (m, 6H), 1,63-1.95 (m, 2H), 

3.25-3,63 (t, 2H), 4.63-4,8 (s, 2H), 7.25-7.5 (m, 5H). 

[00248] Examples 1-2 and Comparative Examples 1 and 2, 

[00249] Senofilcon A lenses were removed from their packages and transferred to glass 

vials containing 3 rnl. of BBPS (Comparative Example I); 3 mL of BBPS containing 5000 ppm 

20 of the WSC polymers formed in Preparations 1-2 (Examples 1 and 2, respectively), or 3 mL of 

BBPS and the linear polymer of Preparation 3 (Comparative Example 2). The lenses were 

capped and crimp-sealed and subsequently sterilized at 124°C for 30 minutes. The following 

biometrics data was obtained for lenses treated with each of the polymers, and for untreated 

senofilcon A lenses (Comparative Example 1). The results are shown in Table 4, below. 

25 Table 4 

Property CE 1 Ex 1 Ex 2 CE 2 

Polymer N/A WSC WSC Linear Polymer N/A PHPMA PDMA HPMA 
Lipid Uptake (,ug/iens) 31.89 6 6 17.2 
Sessile Drop 48.3° 44.03° 40.35° 51.6° 
CoF 1,0 1.67 0.84 2.05 
Mucin (ag/lens) 5.23 2.25 2.94 3.23 
Lipocalin ( jig/lens) J.DJL 2.06 1.99 2.4 
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[00250| The WSC polymers of the present invention provide dramatically reduced lipid 

uptake compared to both the untreated control lens of Comparative Example i, and lenses treated 

with the linear PDMA polymer of Comparative Example 2, Mucin and lipocalin uptake of the 

5 lenses of the present invention were also reduced compared to the control and the linear PDMA 

polymer. 

[00251] 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 

10 at least one embodiment of the invention. Thus, the appearances of the phrases such as "in one 

or more embodiments," "in certain embodiments," "in one embodiment" or "in an embodiment" 

in various places throughout this specification are not necessarily referring to the same 

embodiment of the invention. Furthermore, the particular features, structures, materials, or 

characteristics may be combined in any suitable manner in one or more embodiments. 

15 [00252] Although the invention herein has been described with reference to particular 

embodiments, if is to be understood that these embodiments are merely illustrative 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 

20 the present invention include modifications and variations that are within the scope of the 

appended claims and their equivalents. 
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Claims 

1. An ophthalmic device comprising a silicone-containing polymer and at least one 

water soluble, cross-linked copolymer comprising a plurality of primary polymer 

chains, £, each having a degree of polymerization in the range of about 10 to 

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

wherein Ri is a divalent group selected from the group consisting of optionally 

substituted benzyl, optionally substituted phenyl, ethanoate, optionally 

substituted propionate, 4-cyanopentanoate, or isobutyroate functionalities; 

U is independently selected from the group consisting of hydrogen, halogen, Cr 

C4 alkyl which may be optionally substituted with hydroxyl, alkoxy, aryloxy (OR"), 

carboxy, acyloxy, aroyloxy (OaCR"), alkoxy-carbonyl, aryloxy-carbonyl (C02R") 
and combinations thereof. 

V is independently selected from the group consisting of R", -C02R", -COR", -

CN, -CONH2, -CONHR", -CONR"2, -02CR", -OR", cyclic and acyclic N-vinyl 

amides and combinations thereof; 

R- isindependently selected from the group consisting of optionally substituted 

C1-C18 alkyl, C2-C18 alkenyl, aryl, heterocyclyl, alkaryl wherein the substituents 
are independently selected from the group that consists of epoxy, hydroxyl, 

alkoxy, acyl, acyloxy, carboxy, carboxylate, sulfonic acid, and sulfonate, alkoxy-

or aryloxy-carbonyl, isocyanato, cyano, silyl, halo, dialkylamino; phosphoric 

acids, phosphates, phosphonic acids, phosphonates and combinations thereof; 
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Rig' and R-|5 are residues of hydrophilic, free radical reactive cross-linking 

agents;Ris is a controlled radical polymerization agent; 

Q is another primary chain, are mole fractions, and a is equal to about 0.85 to about 

0.999, p is not 0, and the mole fractions of p and y combined are about 0.15 to 

about 0.001, and 

wherein said copolymer is associated with at least one surface of said ophthalmic 

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

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

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

pg/lens. 

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

less. 

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

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

5. The ophthalmic device of claim 1 wherein said primary polymer chains 

independently have a degree of polymerization in the range of about 50 to about 

5,000. 

6. The ophthalmic device of claim 1 wherein said primary polymer chains 

independently have a degree of polymerization in the range of about 100 to 

about 1000. 

7. The ophthalmic device of claim 1 wherein said water soluble, crosslinked 
copolymer has primary chains, C,, represented by the formula 
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£= Ri 
U . U 

Y 
£> 

V R15 R' 15 

Ci 

8. The ophthalmic device of claim 1 or 7 wherein Ri is selected from the group 

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

9. The ophthalmic device of claim 1 or 7 wherein Ri is selected from the group 
consisting of a cyano-methy or cumyl group. 

10. The ophthalmic device of claim 1 or 7 wherein Ri is polyvalent. 

11. The ophthalmic device of claim 1 or 7 wherein U is selected from H or methyl. 

12. The ophthalmic device of claim 1 or 7 wherein R" is selected from the group 
consisting of methyl, -CH2OH, -CH2CH2OH, -CH2CH2CH2OH, -CH2-C02", -

CH2CH2-C02", -CH2CH2CH2-C02-, -CH2CH2CH2CH2-CO2-, -CH2CH2CH2CH2CH2-

C02", -CH2-S03, -CH2CH2-S03", -CH2CH2CH2-SC>3~, -CH2CH2CH2CH2-S03", -

CH2CH2CH2CH2CH2-S03", -(CH3)2-CH2-C02-, -(CH3)2-CH2-SO3H, -CH2CH2CH2-
+N(CH3)2-CH2CH2-C02", -CH2CH2-+N(CH3)2-CH2CH2-C02-, -CH2CH2CH2-
+N(CH3)2-CH2CH2CH2-S03-, -CH2CH2-+N(CH3)2-CH2CH2CH2-S03-)-CH2CH2CH2-
+N(CH3)2-CH2CH2CH2-P03"2, -CH2CH2-+N(CH3)2-CH2CH2CH2-P03"2, -

CH2CH2CH2-+N(CH3)2-CH2CH2-P03'2 -CH2CH2-+N(CH3)2-CH2CH2-P03-2, and 
combinations thereof. 

13. The ophthalmic device of claim 11 wherein V is selected from the group 

consisting of pyrrolidonyl, piperidonyl, 2-caprolactam, 3-methyl-2- caprolactam, 

3-methyl-2-piperidonyl, 4-methyl-2- piperidonyl, 4-methyl-2-caprolactam, 3-ethyl-

2- pyrrolidonyl, 4,5-dimethyl-2-pyrrolidonyl, imidazolyl, A/-/V-dimethylamido, 

amido, A/,A/-bis(2-hydroxyethyl)amido, -cyano, A/-isopropyl amido, acetate, , 

carboxypolyethylene glycol, A/-(2-hydroxypropyl) amido, A/-(2-hydroxyethyl) 
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amido, carboxyethyl phosphorylcholine, 3-(dimethyl(4-benzy!)ammonio)propane-

1 -sulfonate 3-((3-amidopropyl)dimethyfammonio)propane-1 -sulfonate 3-((3-

(carboxy)propyl)dimethylammonio)propane-1-sulfonate /V-methylacetamide, -

acetamide, A/-methylpropionamide, /V-methyl-2-methylpropionamide, 2-

methylpropionamide, A/,A/-dimethylurea, and the like, and mixtures thereof. 

14. The ophthalmic device of claim 11 wherein V is selected from the group 

consisting of -A/-(CH3)2, pyrrolidonyl, -CON(CH3)2, A/-(2-hydroxyethyl) amido or -

/V(CH3)COCH3. 

15. The ophthalmic device of claim 1 or 7 wherein R15 and R15'cross-linking agents 

are free of dimethylsiloxane groups. 

16. The ophthalmic device of claim 1 or 7 wherein R15 and R15' are polymerization 

residues of at least one crosslinking agent selected from the group consisting of 
A/,/V'-alkylenebis(meth)acrylamides; polyalkyleneglycoldi(meth)acrylates, 
polyalkyleneglycoldi(meth)acrylamides1 triallyl cyanurate, 1,3-divinylimidazolidin-
2-one, and 3,3"alkylenebis(1-vinylpyrrolidin-2-one), wherein the alkylene has 1-

12 carbons, and mixtures thereof. 

17. The ophthalmic device of claim 1 or 7 wherein R15 and R-|5' are polymerization 

residues of at least one crosslinking agent selected from the group consisting of 

A/,A/-methylenebis(meth)acrylamide; W,A/-ethylenebis(meth)acrylamide; N,N'-

propylenebis(meth)acrylamide; A/)A/'-butylenebis(meth)acrylamide; N,N'~ 

pentamethylenebis(meth)acrylamide; A/J/V-hexamethylenebis(meth)acrylamide; 

ethylene glycol di(meth)acrylate, triethylene glycol di(meth)acrylate, tetra-

ethylene glycol di(meth)acrylate; A/,A/'-(oxybis(ethane-2,1-diyI))diacrylamide N,N'-

(((oxybis(ethane-2,1-diyl))bis(oxy))bis(ethane-2,1-diyl))diacrylamide, triallyl 

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

18. The ophthalmic device of claim 1 or 7 wherein RiS is a RAFT or ATRP control 

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

and the combined mole fraction of |3 and y is about 0.08 to about 0.001. 

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

and the combined mole fraction of (3 and y is about 0.05 to about 0.001. 

21. The ophthalmic device of claim 1 or 7 wherein a is about 0.97 to about 0.999, and 

the combined mole fraction of (3 and y is about 0.025 to about 0.001. 

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

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

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

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

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

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

25. The ophthalmic device of claim 1 or 7 wherein said water soluble, crosslinked 
polymer has a degree of polymerization in the range of about 100 to about 300. 

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

polymer is free of substrate associative blocks. 

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

less than about 1.5. 

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

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

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

derived from comonomers. 
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30. The ophthalmic device of claim 1 or 7 wherein V is substantially free of anionic 

groups. 

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

32. The ophthalmic device of claim 29 wherein said comonomers are selected from 

the group consisting of hydrophilic monomers, hydrophobic monomers, anionic 

monomers, cationic monomers, zwitterionic monomers, stimuli responsive 

monomers and combinations thereof. 

33. The ophthalmic device of claim 29 wherein said comonomers are selected from 

the group consisting of anionic monomers, zwitterionic monomers and 

combinations thereof. 
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