WETTABLE HYDROGEL MATERI ALS FOR USE | N OPHTHALM C APPLI CATI ONS AND METHODS
FI ELD OF THE | NVENTI ON [ 0001] This application clains the benefit under 35
U S. C 1MM0ep11gi37§98i or U. S. Provi sional Patent Appli cat iPOR/US201084952414, 496,
filed September 22, 2009, which is incorporated in its entirety by

(rjef erence herein. [OO%foﬁlﬁﬁm %MAW tes to wettabl e hydrogel
evi ces, . e in ophthal mc
applicati ongﬁgﬁiwsmgﬁ{lg ﬁAmgC A@%M‘@ﬁ{?ﬁt he present
invention relates to hydrogel contact |enses including a surface such that
the | enses can have extended and rechargeable wettability. The present

i nvéRELBORITEE IYBNEKONo packagi ng systens including these | enses and

met hods of producing and rewetting the | enses. BACKGROUND [ 0003] Although
conyeédaljonal Thydrapphitdtioa plainysrelic dendfitdundmel 35 eSeS. §i E9(up effupriand.S.
effective, sone problens do present thenselves, fromtinme to tine. For
exanmb@sioRAPHRH: 1A (rer;[Bﬁl:atﬂ)\ﬁ(N @mijQ%oﬁfea(STepﬂeﬁfB&eﬂ %09 bhies $Ombtpetad t h

| ens vvearer di sconfort and/or eye irritation, which can result in the |ens

vear, IVI n a /her eye is dry. "Dry eye" phenonenon has been
tred @ﬁnr% S \?\cier%‘;{{rE %gre\%l?th eye drops and/ or | ubricants. [0004] Silicone

hydr eI cont | enses are a commonl u e of contact | ses.
Y 8(90 T%le present invention re(iates to v¥/ett %? hy r%gel devcices composel‘plons for

forming such devices, and their use in ophthalmic applications such as contact lens materials. In

particular, the present invention relates to hydrogel contact lenses including a surface such that
the lenses can have extended and rechargeable wettability. The present invention also relates to

packaging systems including these lenses and methods of producing and rewetting the lenses.

BACKGROUND

[0003] Although conventional hydrophilic polymer or hydrogel lenses are useful and
effective, some problems do present themselves, from time to time. For example, conventional
hydrophilic contact lenses can be associated with lens wearer discomfort and/or eye irritation,
which can result in the lens wearer perceiving that his/her eye is dry. "Dry eye" phenomenon has
been treated by lens wearers with eye drops and/or lubricants.

[0004] Silicone hydrogel contact lenses are a commonly used type of contact lenses.
Silicone hydrogels generally have higher oxygen permeabilities than conventional hydrogel
contact lenses. In addition, silicone hydrogels typically have more hydrophobic materials than

conventional hydrogel contact lenses, and therefore, additional processing steps or formulation



Silicone hydrogel s generally have hi gher oxygen perneabilities than
conventional hydrogel contact lenses. In addition, silicone hydrogels

typi cal | ywbave/mismye hydr ophobi c material s than conventi ecatushyidnoges
contact |enses, and therefore, additional processing steps or

for i_oni nar edi r essar r C ta | ens i t.h
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Produci ng, wett abl e silicone hydrogel contact |enses while addressing
comfeprsmionpldyidrqgebeontaghdansess” | ow costs of goods, good cli ni cal

perfornmance, and high processability, remains a challenge. SUMVARY [0006]
The [80@¥ent dunduening vetislde sidisome hydrogad reontaoidicasestwiile adolngssing eommageial i on
product of a polynerizable conposition. A lens body of a contact |ens has a
| engeslittek agreh as s casts Ghgoads, Gobd klihiealpesfofrh@re, Mid Hglpptesshlilityl fnsaisur f ace.

A first polyhydric alcohol is present on at |east the |lens surface of the
I ens, 4pdyngel N one exanple, the first polyhydric alcohol conprises a
pol yhydri ¢ al cohol with a backbone conprising at |east three carbon atons,
the at |east three carbon atons bonded in a chain as a right carbon atom
bonded to a center carbon atom the center carbon atom bonded to a |eft
car bgon aton&,mherein one and only one hydroxyl group is bonded to the right
car bOMMARY a hydr oxyl group is not bonded to the center carbon atom and
one and only one hydroxyl group is bonded to the left carbon atom In
anot[#896]ex anplhe, predest ¢antast lqno¢sydophrise leak dbodiies thabepnprises: reactionpretivst of i . e.
a diol with one hydroxyl group bonded to each of

a polymerizable composition. A lens body of a contact lens has a lens surface, such as an

anterior lens surface or a posterior lens surface. A first polyhydric alcohol is present on at least

the lens surface of the lens body. In one example, the first polyhydric alcohol comprises a

polyhydric alcohol with a backbone comprising at least three carbon atoms, the at least three

carbon atoms bonded in a chain as a right carbon atom bonded to a center carbon atom, the

center carbon atom bonded to a left carbon atom, wherein one and only one hydroxyl group is

bonded to the right carbon atom, a hydroxyl group is not bonded to the center carbon atom, and

one and only one hydroxyl group is bonded to the left carbon atom. In another example, the first

polyhydric alcohol comprises a 1, 3 diol (i.e., a diol with one hydroxyl group bonded to each of

the 1% and 3™ carbons in the chain). In another example, the first polyhydric alcohol comprises a

1, 3 polyol (i.e., a polyhydric alcohol with more than two pendant hydroxyl groups, one and only

one of which is bonded to 1* carbon in the chain and another one and only one of which is

bonded to the 3™ carbon in the chain, where the 2™ carbon in the chain does not have a hydroxyl

group bonded to it). In another example, the polyhydric alcohol comprises a polyhydric alcohol

with at least five pendant hydroxyl groups. In yet another example, the polyhydric alcohol



the 1st and 3rd carbons in the chain). In another exanple, the first

pol yhydri c al cohol conprises a 1, 3 polyol (i.e., a polyhydric alcohol with
nor e t harwowetlipsmdant hydr oxyl groups, one and only onePpafi/uskoioi49s86 bonded
to 1st carbon in the chain and another one and only one of which is bonded
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pol yhydric al cohol with at |east five pendant hydroxyl groups, wherein two
of tpradayidhyskoxyl grounss Breepolimetizable sordpasitianssarprinss 6h lqaneoneahysisaphihiai n
(i.e, a1, 3 polyol with at |east 5 pendant hydroxyl groups). The

pol yhiehomenlae leasn@rstrbsshinking ragentstst @bssliaks thea dedsy dii©hirirbpldliconorter at

| east one crosslinking agent that crosslinks the at | east one hydrophilic

DN OgREngd BolyREriRAlOHTRY @@t 1aOfirst PofyHeM @nifohsht, RAN YATEEast UFR WihitalmRady at
| east one ophthal mcally acceptabl’e acid. The ophthal m cally acceptabl e

acid_c di I.but ed, as orti of ; t.he, fi.r | e as a
cecotepars el A ShARARa BREhGBH Rl SFae bRl KR SOTRIIR Tt 7
body and at a |l ens surface thereof. The |ens surface can have an, adyanci ng
cont BRIYMShePBPIIeNt, 8§ & SEIPRF PPN £amPPnent Lhoth. ip thereastiopipreduct itinn the
greater than five seconds, which are maintained followng in vitro testing
f or knsibedi ashatef lens surfage theggof. Hesulens suFfase ephhavg| ami asabhgmgewndgst abgle ofci d
can be used in a silicone hydrogel lens fornulation or a silicone-free

hy dr ge thaher®)° fand/ot havitembrehlOQP 1imd {WIBAST ) hefegredtoruthen tihvat setdirls] walclisdiron of

at | east one ophthalmcally acceptable acid in

maintained following in vitro testing for a duration of at least six hours. The ophthalmically
acceptable acid can be used in a silicone hydrogel lens formulation or a silicone-free hydrogel
lens formulation.

[0007] It has been found that the inclusion of at least one ophthalmically acceptable acid in
a polymerizable composition used to produce a contact lens body provides a lens structure
having at least a surface to which a polyhydric alcohol (polyol), such as a 1, 3 polyol with at
least five hydroxyl (—-OH) groups, can be attached. As the ophthalmically acceptable acid can be
immobilized chemically, physically, or both chemically and physically, in the lens body,
including at least at a wetting portion at a surface of the lens body, the acid (or at least a portion,
or significant portion) is not extracted or washed out during typical manufacturing, storage,
and/or wear conditions (e.g., at least 90% by weight of the acid present when the lens is formed
remains afterwards, such as from 90 wt% to 100 wt%, 95 wt% to 99.99 wt%, 97 wt% to 99 wt%,

98 wt% to 99 wt%). It has been found that even a relatively small amount of ophthalmically

acceptable acid provided in the lens body and on at least the lens surface is sufficient to interact



a polynerizable conposition used to produce a contact |ens body provides a
| ens structure having at |east a surface to which a pol yhydric al cohol

(pol yol ) ,weueti/mzssa 1, 3 polyol with at |east five hydrexylus¢ei@iolkosgs oups,

can be attached. As the ophthalnically acceptabl e acid can be i mobilized
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conditions (e.g., at |east 90% by wei ght of the aC|d present when the |ens
i s famdreamaianpresent i thedousrhedy and @hleas surfases eroaf Jyning ugothgmadyodslsarces t o
99.99 WMt % 97 wt%to 99 wt% 98 wt%to 99 wt% . It has been found that even

a r etfeataiy @rogerstn®l bt deastutht soffacpbf Hel kkhe dbdy facaepitahded pariod q@ff tmeddidri n t he
| ens body and on at |east the lens surface is sufficient to interact(e.qg.,

or af fenjoRal bEARtlenP B a Wettﬂfghﬁﬂﬂﬁo‘ixeotaécfu@&m solitioh #dPAUNHR useQwar) F tH@' yol
with at |least five hydroxyl groups, to achieve a wettabl'e surface. t he
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| 'ens “SUr T aces™ Aered uring use, fefrai n present
on at the urface of the Iens body for n exte peri od. of
af t ePer}Oéiﬁﬁ@ ﬁ@%ecqnaaﬁgfeweémlsg %@the.rﬁg}lag%ﬂd& ebA pswogage&ky Kgking; Bﬁ and

during use (mear) of the lens. The contact |ens can show a hi gh |evel of
wet t ebsdsiiny sohtiod o palydli such asespadydweith atxleast divd hydroxphigrogps, tshefeas hese
contact | enses also can be recharged after a period of use by soaking the
| ensemking @vesmifhtt it aoomftemppatuyal Furthe hhasoraqrdénses maide itk the gasdent levie
hydroxyl groups, such as by soaking overnight at roomtenperature. Further,
the fRRURGDN] ADSES ARERe WkirketoRewRh estBiMic |s8R%nts, aqueous solutions of organic

solvents, or water, although they can be extracted in this manner or can be hydrated in an

aqueous solution or water prior to sterilizing, such as autoclaving. For example, a contact lens,

as described herein, can be separated from a lens mold (delensed) and placed in a contact lens

package without requiring an intermediate washing step to remove extractable material from the

lens body. Thus, the contact lens can be provided in an aqueous liquid in the lens package. The

aqueous liquid may be a packaging solution. Optionally, however, a contact lens could be

washed prior to providing the contact lens in the packaging solution. After providing the contact

lens in a packaging solution, the package can be closed or sealed, and sterilized.

[0008] An example of a contact lens, as described herein, comprises a lens body that

comprises a reaction product of a polymerizable composition comprising at least one hydrophilic

monomer, at least one crosslinking agent, and at least one ophthalmically acceptable acid. A

polyol present at least on a lens surface of the lens body can be polyvinyl alcohol, such as one

with at least five hydroxyl groups. The present hydrogel lenses, formed or treated or recharged



formul ations do not require extraction with organi c solvents, aqueous

sol utions of organic solvents, or water, although they can be extracted in
t hi s manrwo 2011/328¥3be hydrated in an aqueous sol uti on OPCEAIS2N10/#95906 t O
sterilizing, such as autoclaving. For exanple, a contact |ens, as described
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may be a packaging solution. Optionally, however, a contact |ens could be
washes for example, fhoes withrieighteavetge aveledudarsweights v fam leheoitn) 090Dl  Af t er
provi ding the contact lens in a packagi ng solution, the package can be

cl osend aboveeeadrethaingdinl tist lens in z edttajl© 6Q&] foﬁﬂbr%&ﬁdﬂn’aﬁo&f afetr GileAChad IRRE, as
described herein, conprises a |lens body that conprises a reaction product
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at | east one crosslln |ng agent, and at least o ht hal m ca accept abl e
acid p t. Iens he | ens bgﬂ .can be
po y iy o oo 25l Bh AER8 y RhePas STBU RO AR iy ap e
pres nt. . hydro formed or treate rechargedmﬁth a polyol, Ilike
a pol%f \}P%gﬁmf‘a&%wo tB’é‘?‘lb‘Hé’PHttaH}“i‘g @E’C‘Nf \%g"’t"&{?ir Metght poly viny! #leohed hours or
nmore. |t further has been found that the use of higher nolecular weight
f or mi0G9P] pol yWinather exanemeof 8 gentagtdensf compaisenplens bodothet vhmpriseseiaghdctianer age
nol ecul ar wei ghts of from about 100, 000 Dal tons and above, can naintain the
| ensproduet wfed pallynerigtde eomposifienganpribinga leas oab thydrophiticl etsonhas atlegst
renoved froma solution containing the higher nol ecular polyvinyl alcohol
as CenPrRMidkeng agent, and at least one ophthalmically acceptable acid which can be in a

polymerizable form or a polymerized form(s) of an ophthalmically acceptable inorganic acid or

organic acid when added to the polymerizable composition. Ophthalmically acceptable inorganic

acids can be, for example, a polymerizable or polymerized form(s) of boronic acid, phosphoric

acid, or both.

[0010] The present contact lenses can also be provided in a contact lens package. A

contact lens in accordance with the present disclosure, comprises a contact lens formed from a

polymerizable composition comprising at least one hydrophilic monomer, at least one

crosslinking agent, and at least one ophthalmically acceptable acid. The contact lens has a

polyol, such as a polyol with at least five hydroxyl groups, present on at least a lens surface of

the contact lens body.

[0011] Methods of producing a contact lens are also disclosed. An example of a method

of producing a contact lens formed from a polymerizable composition comprises preparing a lens

body that is the reaction product of a polymerizable composition comprising reactive ingredients.



| enses of the sanme fornulation placed in a polyvinyl alcohol solution at

t he sanme concentration for the sanme duration of tine but containing a | ower
nol ecul arweenghi37gesl yvi nyl al cohol . [0009] Anot her exanplce/uskoia/oesné act

| ens conprises a |ens body that conprises a reaction product of a
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present di scl osure, conprises a contact lens fornmed froma pol yneri zabl e
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Met hods of prodUC|nq a contact lens are al so dlsclosed An exanpl e of a

met haldedt aseendotohylesuch At a@PIYPEWé,thfabh%ﬁt&i‘FrlHHf(a‘Ybé’l%‘ﬁ%rleea?ﬂ‘%acé HMS88i ti on

conprises preparing a lens body that is the reaction product of a

pol yn@rtaczaglfes dwepogeformad ceitlpra polymerigatde i composigios déamrisinehet lessttonge

I ngredi ents include: at |east one hydrophilic nononer, at |east one

cr os Bl drofhilig monomer, at least one crosslinking agent, and at least one ophthalmically acceptable
acid. The preformed lens can initially have at least one polyol, such as a first polyol with at least
five hydroxyl groups, present on at least a lens surface of the contact lens body. The rewettable
lenses include those formulated with at least one ophthalmically acceptable acid that can be an
organic acid, an inorganic acid, or both. The rewetting treatment permits at least the lens surface
of the contact lens to be rewetted or “recharged” after use by a lens wearer, such as by wearing
the lens on an eye of the lens wearer, which can further extend the useful life of the lens product.
The rewetting can replace lost polyols and/or further add polyols to at least the surface of the
lens to improve wettability and/or other properties of the lens.
[0013] In another example of the present invention, the ophthalmically acceptable acid
comprises at least one form of a boronic acid, boronic ester, boronic anhydride, or combination
thereof. In this example, the at least one form of a boronic acid, boronic ester, boronic anhydride,
or combination thereof can be distributed as a second polymer component in the polymerized

reaction product (i.e., within the bulk of the lens body and at a lens surface thereof), can be

present as a polymerizable component of the polymerizable composition, or can be both present



agent, and at |east one ophthalmcally acceptable acid. The nmethod further
conprises the step of contacting the Iens body with at | east one polyol,
such as aw0,208/3e8990l with at |east five hydroxyl group®CTiUSeMmAmsagUEOUS
solution to attach the pol yhydric alcohol to at |east the | ens surface.
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| east one ophthalmcally acceptable acid. The prefornmed lens can initially
havenhydilida ot comdinatby dlerecfish patyngerfzablstfolaydlis pickdnt b theepeymbtixable
hydroxyl groups, present on at |east a lens surface of the contact |ens
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anhydri de, or conbi nation

at least one hydrophilic monomer; and at least one crosslinking agent; the polymerized reaction
product comprises a copolymer formed of polymerized units of the at least one form of a boronic
acid, boronic ester, boronic anhydride, or combination thereof; polymerized units of the
hydrophilic monomer; and crosslinks formed by the at least one crosslinking agent.

[0014] In this example, the lens body that is the polymerized reaction product can
comprise boronic acid moieties present on at least a surface of the lens body, within the bulk of
the lens body or both on a surface of the lens body and within the bulk of the lens body. In one
example, the boronic acid moieties can be present in the copolymer used to form the lens body.
[0015] The lens body comprising boronic acid moieties can have at least one polyhydric
alcohol present on at least one lens surface, i.c., the boronic acid moieties of the lens body can be
complexed with 1, 2 diol or 1, 3 diol moieties of the polyhdric alcohol such that the polyhydric
alcohol is present on at least one lens surface, forming a complexed lens body. The at least one

polyhydric alcohol can have at least five pendant hydroxyl groups, as previously described, or

can have fewer than five hydroxyl groups (i.e., the polyhydric alcohol can have at least two



thereof. In this exanple, the at | east one formof a boronic acid, boronic
ester, boronic anhydride, or conbination thereof can be distributed as a

second powgreri/sesyponent in the pol ynerized reaction preduwats2qiooeesse wi t hi n
the bul k of the Iens body and at a |lens surface thereof), can be present as

or coaniaint A3 FAPROAR"Ss hrlaRul e ehe Ao oS BRES alebB, b Bsifang

distributed as a second polyner conmponent in_ the reaction product and
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crosslinks forned by the at | east one crosslinking agent. [0014] In this
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conprise boronic acid noi et i es present on at |east a surface of the |lens

body pré%ﬁt%rpattlgz%t B tenSGurface or can be present on both lens surfaces (i.e., present on both
the anterior lens surface and the posterior lens surface). In some examples, the at least one
polyhydric alcohol may be present in the bulk of the lens body as well as on a lens surface. In the
example where the polyhydric alcohol is a polyhydric alcohol having at least one 1, 2 diol or 1, 3
diol moiety, at least a portion of 1, 2 diol or 1, 3 diol moieties present in a solution of the
polyhydric alcohol can be complexed with at least a portion of boronic acid moieties present in
the lens body (e.g., boronic acid moieties present on a lens surface, within the bulk of the lens
body, or both; boronic acid moieties present in a copolymer forming the lens body, etc.).
[0016] Alternatively, in this example, the boronic acid moieties present in the lens body
may not be complexed with 1, 2 or 1, 3 moieties of a polyhydric alcohol, i.e., the lens body that
is the polymerized reaction product may be an uncomplexed lens body. In one particular

example of a method, the uncomplexed lens body can be contacted with a polyhydric alcohol

having 1, 2 diol or 1, 3 diol moieties, and at least a portion of boronic acid moieties present in the



the | ens body or both on a surface of the |lens body and within the bul k of
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group is not bonded to.the center carbon atom and_one and only gQne
hydr 6Ryat l§asqne; bydseptalie) manomee qnsk (©) rlersh one ghysslinkdag tag%mapn(i (i1} gast

pol yhydri c al cohol of the present exanple can conprise a polyhydric al cohol
havi nplding ltheastlymerzable Gnopasitiondin et opptact lehsiwiohdjassemnhlylto farndiagiolymetized 3
diol noieties. The at | east one pol yhydric al cohol can be present on at

| easteadiéh lpedthucs Whidt aigeard ﬁm@@ﬂ?lbﬁedp he&epdl RAs b@uﬂ foaried fird @s?aymkr, €the
or e

present on both the anteri ens surface and the posterior ns surface).

I'n S eER AR RIS isidd ol HheliS@SEniQNE the at least one polymerizable form of the boronic

acid, boronic ester, boronic anhydride or combination thereof, polymerized units of the at least
one hydrophilic monomer, and crosslinks formed by the at least one crosslinking agent; wherein
the uncomplexed hydrogel lens body has an advancing contact angle less than about 120° a
modulus less than about 1.6 MPa, an ionoflux less than about 7x107 mmz/min., an oxygen
permeability of less than about 120 Barrers, and an equilibrium water content of at least about
30%.

[0018] The at least one polymerizable form of the boronic acid, boronic ester, boronic
anhydride or combination thereof can comprise a polymerizable form of boronic acid having the

structure:



pol yhydric al cohol may be present in the bulk of the | ens body as well as
on a lens surface. In the exanple where the polyhydric alcohol is a

pol yhydr iwoaboaizedoshavi ng at | east one 1, 2 diol or 1, ZBcuiuskowousby, at

| east a portion of 1, 2 diol or 1, 3 diol noieties present in a solution of
t he pol yhydric alcohol can be conplexed with at |east a portion of boronic
acid noieties present in the lens bedy (e.g., boronic acid noieties present
on a lens surface, within the bulk of the |l ens body, or both; boronic acid

noi eties present in a copol yner for“ano the |l ens body, etc.). [0016]

Alternatively, in this exanple, t foni ¢ acid noieties present in the

| ens body may not be conpl exed wt 2 or 1, 3 noieties of a polyhydric
al cohol, i.e., the lens body that I he pol ynerized reaction product may
be an unconpl exed | ens body. In one particul ar exanple of a nethod, the
unconpl exed | ens body can be contact®ed with a polyhydric al cohol having 1,
2 diol or 1, 3 diol noieties, an#®at | &Hst a portion of boronic acid

noi eties present in thelens body can conplex with at |east a portion of 1,
2 diol or 1, 3 diol noieties of the polyhydric alcohol present in the
solution, formng a conplexed | ens body. [0017] The exanple can conprise a
met hc[ﬂl)l9l] nmandfhecstuteastgore hydiophidic monsmet of els poleherizdble duRipdeidionf can
manuf acturi ng a hydrogel contact |ens body can conprise: (i) providing a

pol Y BBhip#iadh Gy &@PRPi ichdrdher hREinP @l MAR Ing g@l iy éfgoﬁllé 41QBast BAPEo lfﬁﬂln%a) at

| east one polynerlzable formof "a boronic oronic ester, boronic

anhygg ftP 12%01? %@2’&’98 anag‘g%l e 2'15%?%1}# L‘ﬁ?"df‘%ﬁ eﬁgtngn%e ’
polynerlzable conp05|t|on in a contact Iens nol d assenbly to forma

pol y YL DIty

[0020] The polymerizable composition can further comprise at least one silicone-

containing monomer, macromer or prepolymer. In this example, the presence of a polymerizable
silicone-containing compound in the polymerizable composition results in the presence of
polymerized units of the silicone-containing compound in the copolymer, i.e., the copolymer
further comprises polymerized units of the at least one silicone-containing monomer, macromer
or prepolymer, and the uncomplexed hydrogel contact lens body comprises an uncomplexed
silicone hydrogel contact lens body. The silicone-containing monomer, macromer or prepolymer
can comprise a silicone-containing macromer or prepolymer. The silicone-containing macromer
or prepolymer can have an average molecular weight greater than about 5,000 Daltons. The
silicone-containing monomer, macromer or prepolymer can comprise a silicone-containing
monomer, macromer or prepolymer having at least about 15 ethylene oxide (EO) units in its
backbone, in its side chains, or in both its backbone and its side chains. The silicone-containing

monomer, macromer or prepolymer can comprise a silicone-containing monomer, macromer or
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reaction product that is an unconpl exed hydrogel |ens body forned of a
copol yner, the copol ynmer conprising polynerized units of the at | east one
pol yner i awbl2e1fosrsysof the boronic acid, boronic ester, Ilporarse@oandsyeri de or
conbi nati on thereof, polynerized units of the at | east one hydrophilic

TONOBRo A IEEARS LS o ORISR L SuRleroAte A% BESR! kI THARF Yy

wher € unco exed as an advanci ng co angl e

l ess ,th about a nodul us | ess than out 1. a, an ionoflux |ess

t hand%‘%&l Qiaf@iéﬂ{m Yris rﬁ’?e,se‘gr?fg%@’r?ub@?gré%ﬂ?w 8}? of |ess than about 120

Barrers, and an equilibriumwater content of at |east about 30% [0018] The
at | §¥3d] one pothernueseabpramplerthe epntadidersoneldiagseadilyl usdsiotoanastomelslt the lensor oni ¢
anhydride or conbination thereof can conprise a polynerizable form of

bor obody aai dothprisengoldivgy sirfaged, unictudi® b8 anfehier adrficeamtl :opestdriod rsoifidel. AT
nononer of the polynerizable conposition can conprise a hydrophilic nononer

havi n@s@dnel RAdingQ0Fadd dhthe ABlRIsYemblP @afborhSidta (RAIPIRES s Ng agent  of
t he polynerlzab§e conposition can conprise a crosslinking agent having at

' ' h i zabl it furth
compl0@F o ' dESh et olaa gt e oIS o BRAF R RS AR B SR bl ey
In th

corpBUHa 17 (RHEASUF By AABCEMBORPES b MBSt faow 1§ Mbapfie esadex fes

pol ymeri zed unip; ofzthe silicone-contai ning conmpound in the copol yner,

i . e. thanhabogb iyl §/meym/min., an oxygen permeability of less than about 110 Barrers, and an
equilibrium water content from about 35% to 65%. In another example, the uncomplexed lens
body can have an advancing contact angle less than about 60°, a modulus from about 0.4 MPa to
about 0.7 MPa, an ionoflux less than about 4 x10> mm?*min., an oxygen permeability from
about 55 Barrers to about 100 Barrers, and an equilibrium water content from about 40% to 65%.
[0023] In the method of manufacturing a hydrogel lens body of the present example, the
method can further comprise the step of placing a lens body (i.e., a complexed lens body or an
uncomplexed lens body) in a contact lens blister package with a blister solution, and sealing and
sterilizing the blister package, thereby sterilizing the lens body and the packaging solution.
[0024] The method can further comprise the step of contacting the uncomplexed lens body
with a complexing solution, and complexing at least a portion of 1, 2 diol or 1, 3 diol moieties
present in the complexing solution with at least a portion of boronic acid moieties present in the
copolymer of the lens body to produce a complexed hydrogel lens body. The complexing

solution can comprise at least one polyhydric alcohol having at least one 1, 2 diol or 1, 3 diol

moiety.
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further conprises polynerized units of the at | east one silicone-containing
nononmer, nmacroner or prepolynmer, and the unconpl exed hydrogel contact |ens
body conpwo=esi/asmanconpl exed silicone hydrogel contact peens2boadyesodhe

si |l i cone-cont ai ni ng nononer, mnacroner or prepolynmer can conprise a

sili U2 € ?”.to %@icpglﬁe@%a GER! bl &*tﬁgg)teégﬁrexamﬁe §4'n' ey %cﬁrg%cﬁfgg%:gﬁa

t
macr repo can ha an average norecul ar wel g er %han

about 5,0 s. .The silicone-contai ni ng _nononer roner Qqr

ot ep THE RSl (26 55 160 o i o AR oA B RTEI X ChiRes G Toph the
prepol yner having at |east about 5 ethylene oxide (EQ wunits inits

back semelexed lans dody @ad dhrapmeompdexeil dettsdhddyi are tastedidfon being dhyidtatedsandeaftdrai ns.
The silicone-containing nononer, macroner or prepolynmer can conprise a

si | i scakéngimhasphiategbuffenaisatine forck Rastr6 lwups. epol yner having a ratio of the
nunber of ethylene oxide units present to the nunber of dinethyl siloxane

( DVB)oo2ey t S pr[?l%e@)ganﬁilcle fid Qb ahRMEd Qo ZaPh}t/cﬁo Qits 9005'? 'Thkﬁgéﬁ%l Fbélts f‘%dgr esent

exanpl e, "the contact | ens nold assenbly us to ca no ns body can

conpr.j .ol _di rfaces, .including a nteri.or surface and. a posterior
o § SRR S SRk et et et P PSR ik B8R se
thernopl astic resin. [0022] In the present exanple, the unconpl exed | ens
body ¢ t%éJ@SaWOL‘Q@&%m%ﬁg]twﬁQ%ﬁ a4 Aydregslecantack densabeslyt the wolyanerizableus
fromabout 0.3 MPa to about 1.0 MPa, an ionoflux |ess than about 5xI0 3
MR/ ROMPYsitien eomypresing@rlerstoid palymefizablesfort ofia batvnist acidl GoRmic este, bapmican
equi libriumwater content from about 35%to 65% I|n another exanple, the
uncoaphyelxied, loensontitaitionartheicfe agnest Vare hidrophilit agbn@Ae, eandess 1éRarnabout

60, a nodulus from about 0.4 MPa to

crosslinking agent; the hydrogel lens body formed of a copolymer comprising polymerized units
of the at least one polymerizable form of the boronic acid, boronic ester, boronic anhydride or
combination thereof; polymerized units of the at least one hydrophilic monomer; and crosslinks
formed by the at least one crosslinking agent; wherein the lens body has an advancing contact
angle less than about 120°, a modulus less than about 1.6 MPa, an ionoflux less than about 7x107
mm”/min., an oxygen permeability of less than about 120 Barrers, and an equilibrium water
content of at least about 30%.

[0027] The hydrogel lens body can be an uncomplexed lens body. The hydrogel lens body
can be a lens body wherein at least a portion of boronic acid moieties present in the copolymer of
the lens body are complexed with 1,2 or 1,3 diol moieties present on at least one polyhydric
alcohol, i.e., the lens body is a complexed lens body.

[0028] The complexed hydrogel lens body can have an advancing contact angle at least

10% less than an advancing contact angle of a lens body of the same composition without the at

least a portion of the boronic acid moieties present in the copolymer complexed with 1,2 or 1,3
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about 0.7 MPa, an ionoflux |ess than about 4 xIOmMm/mn., an oxygen
pernmeability fromabout 55 Barrers to about 100 Barrers, and an equilibrium
wat er conweniffmmysabout 40%to 65% [0023] In the net hedrafS2emouisact uri ng
a hydrogel | ens body of the present exanple t he nethod can further

Corrprdll @‘37 E}e‘é‘agocfél z?llg'c%it 0 {yﬁgfrufﬁggh e'terﬁm?e n@j ?e)éf;f tig h%ﬁtﬁ? Or an

uncorrp exe In acC ens

solu lin d sterili t he Ilster package t her eby
sterhpg¥ﬁﬁ§‘ &@ﬁggﬂﬁgyﬁgﬁ Slﬁﬁﬁﬁégwﬁﬁ?ﬁ OWs| ution. [0024] The nethod can
further conprise the step of contacting the unconplexed | ens body with a
conpl[883Ng solTdei lydrogehdensohpdyein ge atast waktedauspng miobd soifaces forédbfar 1, 3
diol noieties present in the conplexing solution with at |east a portion of
bor onhamaplagtictesi@t i es present in the copolymer of the |l ens body to produce
a conpl exed hydrogel |ens body. The conpl exi ng solution can conprise at

| easy (;/@308 POl YA 6 mlexed lydltl')%&' [3ds @de %Qrﬁthaﬂngn %dv;ﬁlcgia%oéon%ct Ing 1@ 18450l

noi et 025] The conplexed body of e present ex can have an

of RO BRI ETh APREE FormBRio0 M BORhLTDITPene BRGO DRI P S0t ©

unconpl&ged Jens body are tested after belng hydr at ed and after soaking in
phos pHaY e THYMEr-c wgpmemeﬁab%y pElssy then ﬁb@#tsllo[ﬁy@m angh pquiiREWR VTS " al so
directed to a hydrogel |ens body. The hydrogel |ens body conprises a cast
ol dednigol fyererabowd SPetcdi%en product of a pol ynerizabl e conposition reacted
in a contact |lens nold assenbly to produce a hydrogel contact |ens body,
the pgod3ayeri zathe&omplexed hydrogel lens body can have an advancing contact angle less than

about 100°, a modulus from about 0.3 MPa to about 1.0 MPa, an ionoflux less than about 5x107

mm?*/min., an oxygen permeability of less than about 110 Barrers, and equilibrium water content

from about 35% to 65%.

[0032] The uncomplexed hydrogel lens body can have an advancing contact angle less

than about 60°, a modulus from about 0.4 MPa to about 0.7 MPa, an ionoflux less than about

4x10° mm?%min., an oxygen permeability from about 55 Barrers to about 100 Barrers, and an

equilibrium water content from about 40% to 65%.

[0033] The complexed hydrogel lens body can have an advancing contact angle less than

about 60°, a modulus from about 0.4 MPa to about 0.7 MPa, an ionoflux less than about 4x107

mm?/min., an oxygen permeability from about 55 Barrers to about 100 Barrers, and an

equilibrium water content from about 40% to 65%.

[0034] It is to be understood that both the foregoing general description and the following

detailed description are exemplary and explanatory only and are intended to provide a further

explanation of the present invention, as claimed.
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conposition conprising at | east one polynerizable formof a boronic acid,
boroni c ester, boronic anhydride, or conbination thereof; at |east one

hydr ophi Iwo 20omsme®3, and at | east one crosslinking agentcTiuseoloypaysegel | ens
body formed of a copolymer conprising polynerized units of the at |east one

pol Yi‘@fgb gaﬂ Sgegrgén%o%pa%ymﬁeq%u?e@ Ghih e ui%:%h%)%t c%ﬁfeas I‘Bﬁ{u?{:é gaﬁ%ﬁﬁﬁfﬂgl de or

conb zed'units o one rophi

nmononer; and crossli nks forrre y at | east. one, crosslinkj agent

wher éﬁ’mlcﬁ?‘l‘éﬂal’ilﬁéﬁ%%d@flﬁ‘é% eH‘tl?Og‘&iFﬁF?cP éhecBFﬁs%fEt inyenioa ?'Eistogq“l’éq gﬁgu'?‘elm, a
nodul us | ess than about 1.6 MPa, an ionoflux |ess than about 7xI0 3 nm

/ m ndgsceptiox ygan tpexplaalprintiples of thegsesentiavensioout 120 Barrers, and an

equi libriumwater content of at |east about 30% [0027] The hydrogel |ens
body can be an unconpl exed | ens body. The hydrogel |ens body can be a |ens
body wherein at |east a portion of boronic acid noieties present in the

COPORYIES UﬁSmek@NSOIb‘PﬁﬁE %g i exed with 1,2 or 1,3 diol noieties

present on at |east one pol y ic alcohol, i.e., the lens body is a

CORED |onFioP e bRk LS AR T B e TR PR o

of a Iens body of the sanme co osition w thout the at Ieast ? ort%on of
the BBY dHP@raél@BdPQ%‘in@ﬂ?aé@npﬁeé%‘éW@ that rosalt cigp ey Fematiemf e a9 IXmerhotL 28 or
1,3diol noities present on at | east one pol yhydric al cohol, as determ ned
by t ephthalguitaligratematle asid lfioeli ¢vinytpkeryl Homoméd ecid (HPB)bafd theattagmhénmef for at
| east 6 hours. [0029] The hydrogel |ens body can be cast nol ded using nold
sur f gelgsl (i, ned, &f palyvinyl alcohol having five or more hydroxyl groups attached) to the

polymer of the acid.

[0037] FIG. 2 is a graph demonstrating the accumulated uptake of polyvinyl alcohol over

time of hydrogel contact lens products manufactured with an opthalmically acceptable acid and a

control lens manufactured without the acid.

[0038] FIG. 3 is a graph demonstrating the lens uptake and release of polyvinyl alcohol

over time of hydrogel contact lens products manufactured with an ophthalmically acceptable acid

and a control lens manufactured without the acid.

[0039] FIG. 4 is a graph demonstrating the rate of uptake of a first form of polyvinyl

alcohol by lenses made from a series of hydrophobic formulations containing 0 unit parts to 3

unit parts of the ophthalmically acceptable acid.

[0040] FIG. 5 is a graph demonstrating the rate of uptake of a second form of polyvinyl

alcohol by lenses made from a series of hydrophobic formulations containing 0 unit parts to 3

unit parts of the ophthalmically acceptable acid.
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t hernopl astic resin. [0030] The unconpl exed hydrogel |ens body can have an
advanci ng contact angle |ess than about 100, a nodulus from about 0.3 MPa
t o about WwoQoNRays9an i onoflux | ess than about 3 2 5x10 mOW/USROL0/04%H6 OXYygen
perneability of |ess than about 110 Barrers, and equilibrium water content

Léﬁ’a,l,@f)‘ﬁ@tcgﬁﬁ@? K e D e R S R AT

t o about 0 MPa, an |onoflux | ess than about. 5xI0 mMm /mi n., an oxy

per nmékshel .ltYyl%ﬂreS mags fiomnm setss of hydropinke fmlat@ﬁacga%}mng&%m%ﬂ%ﬁ “€8nt ent
from about 35%to 65% [0032] The unconpl exed hydrogel |ens body can have
an agueancf thg oplthalavcalbrgbeptitdsscidhan about 60, a nodul us from about 0.4 MPa
to about 0.7 MPa, an ionoflux |ess than about 3 2 4x10 mMm / m n., an oxygen

per mggi2] i ty fRIQNY o piap Eﬁeﬁ@ﬁﬁﬁﬂhﬁ% i @feosftuptdk@ dBakd Sicend fireh Epod@tnyli bri um
wat er cont ent fron1about 40% to 65% [0033] The conplexed hydr ogel | ens

abou 0 o EpEn S nE G RS Ao P Rt Ao B R Bt oo S s 11O
and BHFSEURF PORTAR GAD Ao GUEATST  om about 40% Lsstsfa}o "[0034] It Is to be
under st ood that both the foregoi ng general description and the foll ow ng
DETAILED DESCRIPTION
[0043] New contact lenses are disclosed. The contact lenses can comprise at least one
ophthalmically acceptable acid. The contact lenses optionally can have a wetting agent or
component present on at least the surface of the contact lens or portion thereof. The wetting
agent or wetting component can be present on at least the surface of the contact lens or portion
thereof by associating with at least a portion of the lens body, such as by grafting, chemical
bonding, covalent bonding, or other forms of chemical attachment or physical attachment or
both. The wetting agent that attaches onto the surface of the contact lens retains wettability, for
instance, based on in vitro tests or other tests, over an extended period of time, for instance, at
least 6 hours, at least 12 hours, at least 24 hours, at least 48 hours (such as from about 12 hours
to 72 hours or more). The wetting agent can, for instance, be a hydroxyl- or hydroxy-containing
wetting agent. The wetting agent has the ability to attach, such as by chemical attachment, onto
at least the surface of the contact lens, such as by way of or through one or more wetting agent
linkers, such as an ophthalmically acceptable acid or radical thereof or moiety therecof. As
shown, for instance, in FIGs. 1A, 1B, 1C and 1D, which are purely exemplary, a polymerizable

form of acid can react to form a polymerized form of the acid present in a lens body. The lens
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detail ed description are exenplary and explanatory only and are intended to
provide a further explanation of the present invention, as clained.[0035]
The accompenyimg7dmgur es, which are incorporated in andPCorsskomoiesa part
of this applicati on illustrate vari ous enbodi nents of the present

I nventi,on and, er w ede t|o to explaln princi pl es
of 't Rt Pediting A aopoincesked o eRpdted i DRANNECESTEONE] SFRG 1
is a series of 4 schematic dravmns(FIG 1A, FIG IB, FIG 1C, and FIG

| D) ipplvebtsugh ian@ pedyginwith zalqasjnﬁveebxdromsgrQMt andawlludlmgw fartws dfcqroyiingn of a
pol ynmer of an ophthalmcally acceptable acid (i.e., 4-vinylphenyl boronic

aci dalcdkB) Wittt béihg badridashampartifult tioiy o1 méd:haﬁism & aktion ipRIbglieverithal cohol
having five or nore hydroxyl groups attached) to the polyner of the acid.

[003H)nt§<‘:t§kg tBe ichs Body AR tH@W@ﬁ‘an g&ﬂtrfgsuh@% e Ghi Ph Rt &g&ﬁi% rt&gt 1@9§t>évi nyl

al cohol over time of” hydrogel act |ens products Tanuract
SET o SR P 7 B B MBS PPl FRCProe Tt Hhecvefnt 9§$%a§260f
S Bt L R e e
without the acid. [0039] FIG 4 is a graph denonstrating the rate of uptake
of aWeitingt ageot hnkér, sotly us gl ophttebhichllbhycdeptablesacididbe rhdiosh heef oesnaiéty
hydr ophobi ¢ formul ati ons containing O unit parts to 3
thereof that is present within the lens including on the surface of the lens.
[0044] Further, the present contact lenses can include at least one lens surface that can be
re-wetted or re-charged by exposing the contact lens to a wetting agent, which can be the same or
different from the original wetting agent to replace at least a portion of any previously attached
wetting agent that may have been lost through use or other reasons and/or to add additional
wetting agent onto the lens surface. One or more (such as two or more, three or more, four or
more, and the like) ophthalmically acceptable acids can be present in the lens as part of the lens
composition. Further, one or more wetting agents can be attached to the lens surface, such as
two or more, three or more, four or more, and the like.
[0045] In accordance with the present disclosure, a contact lens comprises a polymerized
composition, wherein the polymerized composition includes at least one ophthalmically
acceptable acid or units of at least one ophthalmically acceptable acid. The contact lens
optionally can further comprise and at least one wetting agent (which includes the wetting agent
or moiety thereof or radical thereof) attached to at least a portion of the polymerized

composition. The wetting agent can be at least one polyol and the wetting agent can be attached

to at least a portion of the available ophthalmically acceptable acid or radical thereof or moiety
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unit parts of the ophthal mcally acceptable acid. [0040] FIG 5 is a graph
denonstrating the rate of uptake of a second form of polyvinyl alcohol by
| enses nele 20riosrs@3seri es of hydrophobi c fornul ati ons ceordisaeng43ani t

parts to 3 unit parts of the ophthal mcally acceptable acid.[0041] FIG 6

[ h ' h f ke of the fi f f l.yvi nyl
i cofbreBy ThE RRRBe D Rebiar i o Ryt Bmtehl sot F IR B8l i ng

O unit parts to 3 unit parts of the ophthal m cally acceptable acid. [0042]
FI G the pelymegredompaytien raadi is grat habptartallys extiaciedeoromashed ewcdwing dsn of
pol yvi nyl al cohol by |enses made froma series of hydrophilic fornul ations
cont aravessgngloruwmgar. parts to 3 unit parts of the ophthalmcally acceptable
aci d. DETAI LED DESCRI PTI ON [ 0043] New contact |enses are disclosed. The

cont 6046 enseThe arttaprapehtitkat, shetps! the BphtRaRidudly icccptdble A5¢ RA BObRsafi d.
The contact |enses optionally can have a wetting agent or component present

on atpdeash fRenfl ILACGNoshidh a&&’ BLAGE %;ix%lsth(?[en??(é%lsx?éﬁti 1'eAE4] o ti-[)lﬂ,e%h\é’et ting

agent or-wetting conponert can be present on at | e surtace of the
AN ATEIRLEL DR R R I
other forms of chem cal attachnent or physical attachnment or both. The
wet t Pagioagehthetlpns bosyt Mareys sidisntsid cengenirationsiof theewelting agent liskey qeatbsi ns
wettability, for instance, based on in vitro tests or other tests, over an
ext epdsentpbroughowfthd leme compositions tsaeicthat et concentration of the wetting agent linker
is uniform throughout the lens or is non-uniform throughout the lens. The concentration of the
wetting agent linker can be substantially uniform throughout the lens and this can be achieved by
adding the wetting agent linker, such as the ophthalmically acceptable acid, in the composition
forming the lens and distributing the wetting agent linker uniformly throughout the composition
prior to formation of the lens. As an option, the wetting agent linker can be added after a certain
time after the one or more of the other reactive components forming the lens composition are
added or once polymerization begins in order to have the wetting agent linker more concentrated
at one or more locations in the lens composition such as, for example, at a lens surface.
[0047] In some examples, as an option, the wetting agent linker is not present only as a
coating or layer on the lens surface, but is an integral part of the overall lens composition and,
thus, the lens that is formed from the lens composition. While it is optional to include an
additional layer on the lens surface that can also contain a wetting agent linker, it is to be
understood that this is not necessary and, in fact, by having a wetting agent linker incorporated as

part of the overall lens composition and part of the overall lens, there is no need to have a

separate coating or layer of acid or other wetting linker to enhance the ability to be wetted.

17



| east 6 hours, at least 1 hours, at |east 24 hours, at |east 48 hours (such
as fromabout 12 hours to 72 hours or nore). The wetting agent can, for

i nst ance,wbeon/iys$soxyl - or hydroxy-containing wetting &genis2010loeoseet ti ng
agent has the ability to attach, such as by chem cal attachnent, onto at

| east. the surface of the contact | r r ne or
ror o B T4 e el SR T s STR oBl Rl e el Qe
radi cal of or noiety As shovvn for instance IB,

F|] Gs.
1C arngved W e arl 5GH do ;izeé ?ﬁSF‘éY‘SFreaé isdhs ResseT £ORECK IGPSr?Fg‘PY e an
react to forma pol ynerized formof the acid present in a |lens body. The
| ens bettiingcagent ligken gnaokporpted within awhpart pfitheanyetahldanheonspnsitinat and, tiushthg
wetting agent, such as a polyol, such as a polyol with at |east five

hydr @] thee Q4IRS corkBth \ivﬂh?hahdhglﬂlisfMr@iovpdloywbﬂybff.al cohol . Wthout being
bound by any particular theory or mechanismof action, it is believed that

cont f«fmrg theuhROSs afgogae/ kbR, Hhe Wikt @gerﬁgﬁ{a&err% M 1S e mﬁhmctanpg

agen achi ng to at ast a surface of -t ens o y, making the | éns

e PerbleBl it b aliGRA oot e aBahoal s FOruef ok TR RS T

wetting agent |inker, such as an ophthalmcally accep tabl e acid or radical
t her e&r gordspivithyhe presead EonRta denses, ﬁree%tﬁtlg agqnhi/ﬁquh%nwtémsenmel}a i2R9Son t he
surface of the lens. [0044] Further, the present contact |enses can include
at | gagtmeonen |tba dens irddy carettha foromd. bas sertade the detimgr azeoh Ankpedsush asxthesi ng
the contact lens to a wetting agent, which can be the sane or different

f r omoplinBaledieGiynaeptblt abid, RGRALoftthe 12RIBEE afd rdn@Asd pat BPMei oMy Wfdyarsor
previously attached wetting agent that may have been | ost through use or

ot heEXé[[ﬁﬂ@,oﬂﬁ %ﬂ(n%r aée(ﬁt afgenddh tHeOﬂl%lwded as an ingredient of the polymerizable
composition that is polymerized to form a contact lens.
[0049] Further, as an option, the wetting agent linker, such as the ophthalmically
acceptable acid, or at least a major portion thereof, is not extractable with alcohol or chloroform
and this means that less than 10 wt%, or less than 5 wt%, or less than 1 wt%, or less than 0.5
wt%, or less than 0.1 wt% of the wetting agent linker, such as the ophthalmically acceptable
acid, is capable of being removed by extraction. For example, in certain embodiments, only
0.001 wt% to 0.3 wt% of the wetting agent linker that is present in the lens at the time of
formation is removed over time by extraction.
[0050] As stated, the wetting agent linker, such as the ophthalmically acceptable acid, is
part of or within the unitary construction of the lens body. In one example, the acid is present as
a polymerized product of the lens composition forming the lens body.
[0051] In certain embodiments of the present contact lenses, a contact lens is associated

with a time release of an attached wetting agent from at least the lens surface. The time release
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wetting agent onto the |lens surface. One or nore (such as two or nore,
three or nore, four or nore, and the |like) ophthal mcally acceptabl e acids
can be prweenti/idmsBhe | ens as part of the | ens conpositipemuUsSEuobispg one or
nore wetting agents can be attached to the |lens surface, such as two or

nor e, f four_o re nd, the,like. [004 | np, accordance with
t he 5?‘22@2‘? el %58‘%%’, atlead} 1o, B g lé%sﬁrﬁﬁ‘ih%%*’ g‘“ﬁ&%ﬁ‘e‘&l B, 86??1?6%: : i on,
wherein the pol ri zed composition includes at | east one gphthalmcally
accegjlhﬁlﬂnée ?aag g‘f henVPEing ALeH! R HSICOBHRNAIRE HISI i Eleape Reted PRI @NASi d.

The contact |ens optionally can further conprise and at |east one wetting
agentiropividaded iwheteualdargethperegttageniy ralgased ioitiallpi ooty titeer Barf a constandiretal of
thereof) attached to at |east a portion of the polynerized conposition. The

wet t irclgasageind relaasebprodile Iveilsippene t Wey olbstintally dine&t forntheagaratios T HR
attached to at |least a portion of the avail able ophthal mcally acceptable

acid n%’asﬁx@ﬁbl‘ﬁ%eriroh? 18 ehbOdintERtsSh ¥iHed ﬁl}?fvrq[ﬁ:fﬁhfae%gpfsh@feggeQQH {gﬁaﬁe‘f%ﬁ‘g&hﬁgl e

acid, or at |east a substantial part o I NS presen
Gur | RGBT slehse WO R A RE Belefnf S8R o Rlau S 8HeR as
| s LA OGP e & A0 s og soome! POAS BSTIPRST PiPHEAMBSTHAM O SomSn. t he
concentration of the wetting agent |inker can be different at the surface
conpambddimentsoof-the pfeac lpoes inapdavs reldase prefitesibatiare Mgmioalas ingshapk, elvitds,of
concentrations of the wetting agent |inker can be present throughout the
| ens charagesidd by.a fltivelyhslowt e ooneleite! &liowedoby bhRsteR kit NF REASY, dnlinker
subsequently followed by a relatively slower rate of release. Thus, the release profiles may also
be monophasic, biphasic, or triphasic.
[0052] Another aspect of the present contact lenses relates to a non-leaching acid
containing contact lens where the ophthalmically acceptable acid is part of the lens composition
forming the lens and the non-leaching property is with respect to not being able to leach a
substantial amount of the acid from the lens with alcohol or an aqueous solution over a period of
at least 6 hours in the alcohol or aqueous solution and having the low acid extractable content
described herein. In one example, the ophthalmically acceptable acid can be a polymerizable
form of the ophthalmically acceptable acid. When included as part of the composition forming
the lens, the polymerizable form of the ophthalmic acid can polymerize as part of the lens body,
and so can be essentially or entirely bound within the polymerized lens body and can be removed
only by breaking the polymer bonds formed during the curing of the lens.

[0053] In one example, the wetting agent linker, such as the ophthalmically acceptable

acid, is part of the composition forming the lens, such as the polymerized composition forming
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I's uniformthroughout the lens or is non-uniformthroughout the I ens. The
concentration of the wetting agent |inker can be substantially uniform

t hr oughowot2he/d3esys and this can be achi eved by addi ng rhe/vsedmiongagent

| i nker, such as the ophthal mcally acceptable acid, in the conposition
form e ' ' i | i . unj

tbr oLgRorE R (RRehPhih Sk oP ek P b o StERcals AR i LLORAG ISR,
the wetting,agent. |inker can he ed after a certain tinme after the one or
ror e b e ahsiRes bt RuBenBias: e ihetiset panokBip Ut o et
added or once pol ynerization begins in order to have the wetting agent

| i nkérnerhyd@p@dwa@)iymm aldleagt opp Bydrephabiepelpmar oo aembinatiens theseel) captionaliyt i on
such as, for exanple, at a lens surface. [0047] In sonme exanples, as an
opt i oat,leashenevetdsslinkimgyegent;| optioeally st leadt ope dsitiator;06ptionaldy, aut de@st bngtinting ayer
on the lens surface, but is an integral part of the overall Iens o
conpageht; OfptRMdily tAiURast! Be | @VSblobRhg | ;ﬁ%eilﬂr WBereld B LG rh&NBreSHTPAS ithd ON-
VWiile it is optional to include an a%di ional layer on'the [ens surface

t hat : i | ] [ df 1S t e der od .t hat
th's PR ERtoSiin SaliBt b BB (RS her, busadonk o BIFRES hgEHn

I ncorporated. as,part of the aoveral!l |ens conposition and part of the

over a(ElIQNii’ﬁf?k pphglpf‘é, i"&I/ ?foOtﬁ%eme?So‘)fli'Pé\b@ng' bisde ‘Eé‘n‘%d%{f’? Hhabreferggesito ghe aci d
or other wetting |linker to enhance the ability to be wetted.Further, when
usi ngpodyraerized wgmppsitie,evhieh srfermadhirem theaatilengt enre fodyraer, iss mlppercvladh tan bei ng

worn and renoved and, thus, will need to be replaced whereas, in the
pr esertfooned from dnerns asyre hynbavisngich avweid omgorde diophilitkasnonite ope bamet:
within and part of the overall |ens conposition and, thus, the lens, there

IS Nhydesphebit Mohdn&aY t&rdbihMichs! thBle6f, dn@NRY QfkeONt WOAI5 96 foe understood that
reference to the contact lens formed from the compositions described herein is a lens body with
an anterior surface and a posterior surface, the posterior surface being configured to be placed in
contact with the cornea of an eye of a contact lens wearer. The lens body of the present invention
can be entirely transparent. Alternatively, when the contact lens is a cosmetic lens configured to
alter the appearance of an iris of a contact lens wearer, the lens body can comprise a transparent
optic zone circumscribed by a cosmetic portion dimensioned to overlay the iris of the eye.
Transparent lenses may also include a handling tint to provide a color to the lens.

[0054] As an example, contact lenses having extended and rechargeable wettability
comprise a lens body that comprises a reaction product of a polymerizable composition including
at least one ophthalmically acceptable acid, which is at least surface treated with a first 1, 3
polyol with at least five pendant hydroxyl groups to attach the polyol to the lens, including at
least the surface. The ophthalmically acceptable acid is distributed in the reaction product within

the lens body including some exposure at a lens surface thereof. The ophthalmically acceptable
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[0048] Further, as an option, the wetting agent |linker, such as the
ophthal mcally acceptable acid, is not present alone as a post-treatnent
after forwatoowm3edost he | ens body. In other words, wth rhe/ysce@semsIeont act
| enses, the wetting agent linker is not present due to a posttreatnent on

the la%gtf%tbtﬁ en@lbloﬁﬁq%vfn r terfor s %&"a% afla afpgﬁer)ri\&lsﬁ%}fg%é%@%t lV\Llﬂlktgé Polﬁafzh as

t he op cal ‘acceéfpt abl e aci ns

part of r t he tin

P ovi B b Eest i e@ﬁﬂ%ﬂtéwﬁrow@ﬁ@%tﬂ Wghm%m%&cte%ﬁ@@f& tﬁlsﬁewaf fge; The
polynerlzed to forma contact |lens. [0049] Further, as an option, the

wet t i egplarglens bodicwith the fdateddensrarfgshhasgond wettailite sugbtaglohe aefian by amt

| east a mmj or portion thereof, is not extractable with al cohol or

chl oranlfvamo‘rngmhtidﬂasglﬂfﬁﬂﬂ&stﬂlim 1doeasd/bhamwaied brdakqupaimé EWBUTart goeardritharor
less than 1 wt% or less than 0.5 % or less than 0.1 wt% of the wetting

agentfijd Qlehds, %?J]h #8 mdiRtaPR EORVTLhE # bifr ARSI RPL&IvRRIoR: of 8 16308 BbErsOf
bei ng renpved by extractlon For exanpl e, | n certain enbodi nents, onI y

0. 001T1¥¥t [#%e?l QOn%ac gsf wltle?x &%tctah B i ALY ct 1tﬂl§§{thélﬂg 1ssu§ op St%ﬁxe%;e t

| ens 'S renove 50] As
state t he vvettl n agent nke such as the opht haI m cal |y ept abl e
aci d ﬂ?espﬁa?rtt CGPtaBFq wwaﬁl fhéo’qr& ﬁPP‘&?tyleeéfﬁsF‘f‘ch‘ianﬂ‘ft &m%émhygglﬁb‘@agact In

one exarrpl e, the acid is present as a polynerized product of the |ens
conpdshses sampoising regrigidecenaalspastidy cirp@ostibed iy cesafaperighetsd gortim sAsfusehe
present contact |enses, a contact lens is associated

herein, a soft contact lens is a contact lens that can conform to the shape of the cornea of an eye

of a lens wearer or can otherwise be folded upon itself without breaking. A hard contact lens is a
contact lens that cannot be folded upon itself without breaking. A soft contact lens can be a
hydrogel contact lens, that is, a contact lens that is capable of retaining water in an equilibrium
state. The hydrogel contact lens can be a silicone-free hydrogel contact lens or a silicone
hydrogel contact lens. Other features and examples of the present contact lenses are described in
the following sections.

[0055] In an example of the present contact lenses, the contact lens is a lens having at least
one optic zone configured to provide vision correction, to improve visual acuity, or to both
provide vision correction and improve visual acuity. For example, the optic zone can be
configured to provide a spherical correction, a toric correction, or a third order or higher
correction. The optic zone can be configured to improve visual acuity at near viewing distances,
at far viewing distances, or at both near and far viewing distances. The present contact lenses

can be spherical contact lenses, such as for correcting myopia or hyperopia; toric contact lenses,
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with a tine release of an attached wetting agent fromat |east the |ens
surface. The tine rel easecan be for at |least 6 hours, at l|least 12 hours,
for at | emetoR3mdars, for at | east 48 hours, or nore. Poe/uscom/onsbease of
the wetting agent can be constant over the tine rel ease period or it can be
fr Cmts'ul 19 ?%r \é\'gﬁécﬁmg 45@%&3{15 efnﬁﬁ {)&g%ohtﬁctr %h? hI 55' Bff@éai 36?9&4%{ lehéeg?' For
a cons rate he rel'ease

subst a ear f e duration of the rreasurerrent eriod. In
errbochIrFJR‘,—‘ﬁfl q¥% lﬂ%hmﬂ?@ebegﬁ forpgoddiarmare thag oag SlErclike Bt er armpunts over
a shorter period of tinme, the release profile may be characterized as

havi 18036]r el at Theedpthaimisplly heceptableatid pressot initbmcomppsitionair an thesbptastians ow
second profile portion or a plateau portion. Sone enbodi nents of the

pr esanh Beenamslivaly (d@vigrtidlyeas® paritfus | degreedats an eopsiognPhapH ofmthehaeeall t hat
is, characterized by a relatively sIOM/rate of release, followed by a

f ast Roptyfoff cdnblififig he %@chﬁ‘ﬁfﬁéﬁ pébfe%dl@w%ﬂ Y chtfoBlbdtdr Vilivstad Ryver

rate of rel ease. eas pro | es may al so be nobnophasi c,

bi ph S f,.the present n enses
ref arbfys 8 ohlma R 81%%&%9 e eORbAF ASPEE T e RGP TR o
ophthalnlcall acce table acid is part of the I ens conposition formng the
| ens Arglahaprkae® ﬂ@é@ﬁ1$§°@$@$8ﬂﬁy is with respect to not being able to

| each a substantial anpbunt of the acid fromthe lens with al cohol or an
aqued®853ol ut i dnamvption theelehobodyf which Icesigins hehophtlsalinicatli aceeptableodcidean
aqueous solution and having the | ow acid extractabl e content described

her eibe fidshtredied exd@bPteCharbEEatoé il tain?aﬂa{wes';l@@@msaid ® ST d€breéRC be hizher
pol ynmeri zabl e form of the ophthalmcally acceptable acid. Wen included as

part Which R&n FRTRAY tddRBe R IMAt of time to treat and/or recharge the lens body and thus

place the wetting agent faster and/or more effectively on the lens surfaces.

[0058] Wetting drops containing a polyhydric alcohol or the same polyhydric alcohol can
be used to recharge at least a portion of the lens. The wetting drops can be introduced to the lens
when the lens is on the eye or when not in the eye. This is especially useful for the recharge of
the anterior surface of the lens.

[0059] Definitions. In the context of the present description and claims, the following
terminology will be used in accordance with the definitions described below.

[0060] As used herein, the term "hydrogel" refers to a polymeric material, typically a
network or matrix of polymer chains, capable of swelling in water or becoming swollen with
water. A hydrogel can also be understood to be a material that retains water in an equilibrium
state. The network or matrix may or may not be cross-linked. Hydrogels refer to polymeric
materials, including contact lenses that are water swellable or are water swelled. Thus, a

hydrogel may be (i) unhydrated and water swellable, or (ii) partially hydrated and swollen with



the lens, the polynerizable formof the ophthalmc acid can polynerize as
part of the lens body, and so can be essentially or entirely bound within
t he pol ymeoi2aadh3las body and can be renpved only by brealiusgomiesspel yer
bonds fornmed during the curing of the lens. [0053] In one exanple, the

vetti WeAQF Qh Hl@ktgr'f’dratédjgr{a llteF %w@l%tgal "lrﬂe dh%eﬁﬁlﬁg BE gglll%aﬁ‘é: %’ﬂdﬁoéa P g:}t

of the conpos ormn ens, such as

f th be nore conventi onal
cggg] ef%%&ﬁﬂ“%EFQ?%EﬁFQGFI ﬁgmn%h- hﬁgoﬁghydrogel contact |ens

i ncludin but not limted to, at |east one polynmer (such as at |east one
hydr d886Tli ¢ polBentspm "siliconeakydrogel" iy chilixome iy drogell material” aefetsotond particeas
thereof); optionally at |east one crosslinking agent; optionally at | east
one ihyidrogel drat immbidesnadiligon (8i)-doaasiing 0émpornt bHa dPRBhS-cAhihEaolmpodtnt] east
one W bl ocking agent, wherein the polymer present in the polynerized

CONMPOEdrt &x@ipléNa Lflicnb ORRIPCY T8 Tty pie ARP IpYdFRfed b?t&hﬂﬁﬂﬁ rzfitsilﬁgn-réghtﬁfﬁ‘?ﬁg

network (IPN), block pol'ymer, and/or "other forns of po yrrer It 1's to be

under nerized co s _forned
fr Oml‘?%tgtqgl \L}llﬁggos V%I)t%neapﬁfdr@ Eg(?l‘ggéi (ﬂrecursors s& co&%&lyg ogFlO Oﬁ;gaa‘t l{ep%m aOn e or
nore nono ch as one or nore hydro h||| nononers, one or nore

hydr ocmt?ﬁfrie e 2 SR GATPENE qoRtackims. Whishtqomnrisgea silicong hydeget o be
under st ood that reference to the contact |ens forned from the conposi tions
descringedalherein is a | ens body with an anterior surface and a posterior
surface, the posterior surface being configured to be placed in contact

wi t h [0B62]cor nea "silicae-@yeainihg @omPoiede! islacddmponeadtahat chhRidsen seaboshe [eRit he

present invention can be entirely transparent. Alternatively, when the
cont agiSil pilinkage, an GOBRbher,| BAGomeN ok PHE-BOIyhRr, wherein each silicon atom may
optionally possess one or more organic radical substituents (R;, R,) or substituted organic radical
substituents that may be the same or different, e.g., —SiR;R,0O—.
[0063] An "essentially silicone-free hydrogel" refers to a hydrogel containing less than
0.1% (w/w) silicone-containing component.
[0064] The term "linker" is used herein to refer to an atom or a collection of atoms used to
link interconnecting moieties, such as a polymer terminus and a block of repeat units. A linker
moiety may be hydrolytically stable or may include a physiologically hydrolyzable or
enzymatically degradable linkage. The linkers can be hydrolytically stable.
[0065] The term "length", e.g., in reference to a collection of atoms such as in a linker
having a particular atom length, e.g., ranging from 2 to 50 atoms in length, is based upon the
number of atoms in the longest chain of the collection of atoms, regardless of substituents. For

example, —CH,CH,— is considered as having a length of two carbon atoms, even though each

methylene group itself contains three atoms total, since the hydrogen atoms are substituents on

23



alter the appearance of an iris of a contact |lens wearer, the | ens body can
conprise a transparent optic zone circunscribed by a cosnetic portion

di mensi orw0 20m/3v@Bl ay the iris of the eye. Transparent PCenses 008959@l so
include a handling tint to provide a color to the | ens. [0054] As an

XA oo fgRbAThd @Qigﬁs@@ 4 MK AR, Bl RAPR HSROLEN AR 0

conprise a ses a 1 on

one opht hal mcaII accept.abl e aC|d which is
at | i@@ﬁ#ﬁﬁe‘i@%ﬂw B %rﬁv prideied ta Posseisdy g 'ﬁﬁtﬁ LER R (] ve
pendant hydr ox groups to attach the polyol to the |lens, including at
| east[006fd surf%@bfvmmh@lcebwﬁhar nrade(viny! a@e §)aKpkbrexinigd i"BVEIIED fis thetnamd n t he

reaction product within the |ens body including sone exposure at a lens
sur f doe polyareentomprisng fiet deakral s@bdtyre fcCERtEH(GRAEA whert e id #valubad)l, othavi ng
an anterior surface and a posterior surface, interacts with the polyol with

at | eagdterd I MR RRAUBE vl %pzﬂ@éﬁdl" ﬁ§(9b'£§re‘fé? t@tPt\@}lP ab BRuR@oSl grb® Mach&PR} the
| ens surface. The resulting |ens ody with the treated Iens surface has

good {hteﬁ%!)éch%r ft?l!ﬂ:?\n‘e Q’?i% HoGHa ol? ?n \e’\r@dtagyh g%ao'?l%'? 0fn t Y, {irhgczg:c Ievgf

Iess and brea

seco whi ch, are ma alnedfo oW n |r1V|t tlngfor dur.atjon of
gﬂé‘mG hoBIAéTaClThén tﬁ"Es%‘]’i‘i‘exé t 48t InfeEardies %{1&3} ngrfﬁldcéh‘? gehth. ﬁh‘EGﬁ‘llyact

mnth epithelial tissue or other eye tissues. The present contact |enses can

be sdkeeniahie acid chieredersto ahnollzbneerplek.doaddcheoticdt pond dr kohogm), dredbes,

conprising a rigid central portion circunscribed by a soft peripheral

por t iumtess Apecified diesraise, ThesSPVOHC atichéient aikd tdh Be CoethBpdrmafeis,"t irvh AN

conformto the shape of the cornea of an eye of a |l ens wearer or can

ot hergpkisRall3ealfoWife thruRAN rdidase bf i it BV SBKIRE thebclPlidlifoearhicheRsy s a
enhance comfort during lens wear.
[0068] "Molecular mass" in the context of a polymer described herein refers to the
nominal average molecular mass of a polymer, typically determined by size exclusion
chromatography, light scattering techniques, or intrinsic velocity determination in 1,2,4-
trichlorobenzene. Molecular weight in the context of a polymer can be expressed as either a
number-average molecular weight or a weight-average molecular weight, and in the case of
vendor-supplied materials, will depend upon the supplier. Typically, the basis of any such
molecular weight determinations can be readily provided by the supplier if not provided in the
packaging material. Typically, references herein to molecular weights of macromer or polymers
herein refer to the weight average molecular weight. Both molecular weight determinations,
number-average and weight-average, can be measured using gel permeation chromatographic or

other liquid chromatographic techniques. Other methods for measuring molecular weight values

can also be used, such as the use of end-group analysis or the measurement of colligative
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contact |lens that cannot be fol ded upon itself w thout breaking. A soft
contact | ens can be a hydrogel contact lens, that is, a contact |ens that

i s capablwoabiwmstasni ng water in an equilibrium state. Phe/usgawogsbs cont act
| ens can be a silicone-free hydrogel contact lens or a silicone hydrogel

cont Al e . eX S resent cont | enses are
doscriBRate e Bl SeBRbishs WRbBaRh HeGRERIR R BboufoREn,
conta 1;t | enses, bthe cont act ILﬁns is . alens havi ng @é | east .one opt.i c zone
conf icglﬁr@ﬂi“et JURSTAYEagH PR MstEionr e RSFpobyiekt; sepltering yeehniauss, ¢ o
both provide vision correction and inprove visual acuity. For exanple, the
opt i ciltraneatrifgatioa oz yistpgetnetd daterprins/veightaavepagemaledulasovaightt i on, a toric
correction, or a third order or higher correction. The optic zone can be
confi[@06Hd t o Arfpetooek'vorsurdtrigtof & Yiydrophidiapolsingitigicallysiamsalat @bsstiaks

view ng di stances, or at both near and far view ng distances. The present

cont agé fhraRdartweh the t])%EIB%‘i‘ ichaths B%’ Rb&Ent | BAES: by PRysi@F bbRs, E@F hfkbio
nyopi a or hyperopia; toric contact |enses,such as for correcting
' i focal contact nses,

71 1 oRBb o ot BEE e AR, o TPRE" palERs oamingtiiSy 5 1R i
CompaSIeTReGRTIE 7PIEHEr BeR (PROrS AR Bec MeDfHea b PO (ADem eI BHPyA or to
vari ous degrees), as an option. The pH of the overall conposition
cont aeeandgpal aetopieh Hiadt thera lateyfea dfegyabd alent bandsaetweenctbery bitl thel polymedj ust ed
to achieve an optimal binding pH for the polyhydric al cohol, and this can
be alausotde stperatsd ffenseachbtiee Withow dekieoydig the@esorkl speci es present.

[0070] A "hydrophilic" substance is one that is water-loving or has an affinity for water.

Hydrophilic compounds have an affinity to water and are usually charged or have polar moieties

or groups that attract water.

[0071] A "hydrophilic polymer" as used herein is defined as a polymer having an affinity

for water and capable of absorbing water. A hydrophilic polymer is not necessarily soluble in

water.

[0072] A "hydrophilic component" is a hydrophilic substance that may or may not be a

polymer. Hydrophilic components include those that are capable of providing at least from about

20% (w/w), for example, at least from about 25% (w/w) water content to the resulting hydrated

lens when combined with the remaining reactive components. A hydrophilic component can

include hydrophilic monomers, hydrophilic macromers, hydrophilic pre-polymers, hydrophilic

polymers, or combinations thereof. Hydrophilic macromers, hydrophilic pre-polymers, and

hydrophilic polymers may also be understood to have hydrophilic portions and hydrophobic
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[ 0057] As an option, the |lens body which contains the ophthalmcally
acceptabl e acid can be first treated and/or recharged at el evated

t emrper at wep11z3cdy3as 50 to 80 degrees C or hi gher whi clrcrams2diamersadl y
reduce the amount of tine to treat and/or recharge the | ens body and thus

pl ac ggttfsb‘ﬁs.‘["g%?g%ﬂ%zgﬁpﬁycﬁgﬁﬁiﬁé p@HWnoéndnﬁlée%ﬁg%ﬁ%hiféﬁrgoﬁ Ryitl bx%rgélt in

surf ng ops containin al coho the sane
e at least a n of the |ens.

pol yhydri c al cohol, can be used to rechar rti.

Phe” SR PR TR g8 i B PO IS of RS EREOPARE U5 on the eye
or when not in the eye. This is especially useful for the recharge of the
ant el®®3] sur f Acenepromaseraferndo a rdabsly oar maleenlanweighicampoupdfor gxanele ahe
present description and clains, the following term nology will be used in
accordapegdawith ab heerdgd moleculanwseghs ess thad abaitd@0 DadohiQ)]thads peletheligabdd.n, t he
term "hydrogel " refers to a polyneric material, typically a network or

Mat X ofé eRAhMEEE nfdhdhRS cart 8RR QEingléedﬂiﬂ 80a bl RlLEMiniRE LRI R dnsrao! | en
with water. A hydrogel can also be understood to be a materral that retains
wat e d | oL . rk . i 0 e
e Mo Y BSOS, PORATES . BB Y P oG
| enses that are ter swellable or are water swelled. Thus, a hydrogel may
be ( ﬁ)e %Hﬁﬁ’&‘ﬁ&‘f‘g‘?\l}% %ﬁﬁ%?m‘%‘?/\%ﬂc%‘? gr differept jtjuchues sdhe PORYAFAt ed and
swol |l en withwater, or (jii fully hydrated and swollen with water. The
hydr ¥l may Be "snagionezorretersy de ogediuma ard | Higlormeolgewdar igight gesimpoundsirer
essentially silicone-free hydrogel. [0061] The term"silicone hydrogel" or
"si | pelynerdyydrdyedn oattanioak ‘or medre fendtional grewsi caphlde of further polymerization.
For example, a macromer can be a compound with an average molecular weight of between
about 700 Daltons and about 2,000 Daltons.
[0075] A “pre-polymer” refers to a polymerizable or crosslinkable higher molecular
weight compound. In one example, a pre-polymer can be a series of monomers or macromers
bonded together such that the overall molecule remains polymerizable or crosslinkable. For
example, a pre-polymer can be a compound with an average molecular weight greater than about
2,000 Daltons.
[0076] A "polymer" refers to a material formed by polymerizing one or more monomers,
macromers or pre-polymers. As used herein, a polymer is understood to refer to a molecule that
is not capable of being polymerized, but is capable of being crosslinked to other polymers, for
example, to other polymers present in a polymerizable composition or during the reaction of
monomers, macromers or pre-polymers to form other polymers in a polymerizable composition.

[0077] An "interpenetrating polymer network" or "IPN" refers to a combination of two or

more different polymers, in network form, of which at least one is synthesized and/or cross-
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hydrogel that includes a silicon (Si)-containing conponent or a
silicone-containing conponent. For exanple, a silicone hydrogel is

t ypi cal | ywpnepamsesdzby conbi ning a silicon-containi ng nmatPemiskoniosdsoe
conventional hydrophilic hydrogel precursors. A silicone hydrogel contact

| ens i .cont a en [ ug Vi Sl ectl ta ich
compt 1BeE rE RS, FenbE0E iy Bf L Ak Vo8 B3P BB 250 KPS0 4
conmponent™ is_a conponent that contains at |east one [Si- O Si-]. |inkage,
in acABResadr of hue rkands obchaing fopnipgeivo GEnsrale MebRIks. shYti o HIXEANgRRRYOT
optionally possess one or nore organic radical substituents (Ri, R) or

s ubstintexpereiraingahixempked iof APNs insbide tsemrentaltIRNS, myltingouh BNeasemiolPNsi nider ent |
e.g., -SSR R 20-. [0063] An "essentially silicone-free hydrogel" refers to
a hydoa@ealPNsont ai ning | ess than 0.1% (ww) silicone-containing conponent.
[0064] The term"linker" is used herein to refer to an atomor a collection

f d ik i i et :
and 400hck of rBiseay Y ?%f?“gl/ria Fdf’%(ﬂ%?‘:% F%E*lyl@‘ﬁgfy"?‘%?"w%? ot ‘yl’%f*égf‘f of EE?EFES
i ncl hysi o qgical- : i .
1 iSRS ol Br SR i R i o les e Tk o e ©

"l'ength", e.g., in reference to a collection_of atonms such as in a |linker
havi 9§ b@nﬁ%ﬁd& whergin the BoR-riesytipkedgolymer/igdigirihytedip and held bydheergpslinked
| ength, is based upon the nunber of atons in the |ongest chain of the
col | potynman of at moteculaegmakil esch dhats thes mohwerss-dinkébrpolymer is substantially

inextractable from the network.

[0079] A "polymeric mixture" refers to a polymeric reaction product wherein different
polymers are both linear or branched, substantially without cross-linking, wherein the resulting
polymeric blend that is obtained is a polymer mixture on a molecular scale.

[0080] A "graft polymer" refers to a branched polymer having side chains comprising a
homopolymer or copolymer different to that of the main chain.

[0081] “Attach” can refer to any of charge attachment, graft, complex, bond (chemical
bond or hydrogen), or adhere, unless specified otherwise.

[0082] As used herein, an "ophthalmically acceptable lens forming component" refers to a
lens forming component that can be incorporated into a hydrogel contact lens without the lens
wearer experiencing or reporting substantial discomfort, including ocular irritation and the like.
Ophthalmically acceptable hydrogel contact lenses have ophthalmically acceptable surface
wettabilities, and typically do not cause or are not associated with significant corneal swelling,
corneal dehydration ("dry eye"), superior-epithelial arcuate lesions ("SEALs"), or other

significant discomfort.
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exanple, -CH 2CH2- is considered as having a | ength of two carbon atons,
even though each nethylene group itself contains three atons total, since
t he hydr oyenoaton®3are substituents onthe carbon and ar ecmats2@onsisder ed i n
approxi mating overall |length of the chain. The linker, -OC( 0 )-CH2CH

C(0) is siimlarly, considered, t 0ssess. a chain | th of six atons.

005 RIB3ksor y oo B sTBNERS B aish P BRI ey oot Ea8h evi at ed - PvarHt )
is the nane for palyners conprising the general structure [-CH2-CH(OH)-] m
wher WORME s o Lemsdorgmulatigns. g livdregels tepreseat ppe shasy\aingraterpls ofA " f051t% can
refer to PVOH as a functional group attached to another nol ecul ar structure
Wi t hpresent oontagslenspe hjantgelsyamprige adyduaped, abss-lekeR WO maricasystem] @O GiRjing
"Attach" in the context of an interaction of PVOH and the ophthal mcally

acceph@blrearpequilitaiin kefeeActqadiaply, Bydrogels hre copsiphRs progitetl {remeaie @2imaddond or
hydrogen), or adhere, unless specified otherwi se. The PVOH attachnment al so

can " L = e L : ' | |: se of
Cbe Qﬁ%@ﬁ%m&@%ﬁ% ’gfrlﬁ }t%(izb'%lc}lllgﬁxgﬁ&héﬁ R dr¥ssBhk MM Rh fa%%s§1nﬁéi‘ﬁg %%5@

uring use, I ch my enhance C ort

oscRBSE her K oL tbes o g atoi ot ittt irainise® BRISRR  ror

typically determ ned by size exclusion chromatography, | i(Izjht scattering
t echiydioged and siligongifiesi(er gesenidaltyysibeansriren &y irogel lgng materials. [Therhygregstnzene.
Mol ecul ar weight in the context of a polynmer can be expressed as either a
nunbert@y demmsge hawd aomk dieatwees ght comrmen i plnpeses enfathe predeec ivantiowei Tese and
in the case of vendor-supplied materials, will depend upon the supplier.
Ty pi featurds inélnge, Basdxanile, aMdhsHe@R of the contact lens that comprises a reaction product of
a polymerizable composition comprising at least one hydrophilic monomer, at least one
crosslinking agent that crosslinks the hydrophilic monomer during polymerization to form a first
polymer component, and at least one ophthalmically acceptable acid. The ophthalmically
acceptable acid can be distributed as a polymer component in polymeric or macromeric form in
the reaction product within the lens body and at a lens surface thereof. Further, the lens body of
the polymerized composition further is at least provided with at least one polyol, for example a 1,
3 polyol with at least five pendant hydroxyl groups. The polyol is attached to or present on at
least a lens surface of the lens body via the ophthalmically acceptable acid.
[0086] Hydrophilic monomer. The hydrophilic monomer can be, for example, a silicone-
containing monomer having a hydrophilic portion, a hydrophilic silicone-free monomer, or a
combination thereof, which is compatible with the ophthalmically acceptable acid. The
hydrophilic monomer can be used in combination with a hydrophobic monomer. The hydrophilic

monomer can be a monomer having both hydrophilic and hydrophobic portions or moieties. The

type and amount of hydrophilic monomer used in the polymerizable lens composition can vary
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nmol ecul ar wei ght determ nations can be readily provided by the supplier if
not provided in the packaging naterial. Typically, references herein to
nol ecul arweenghizzssef nmacroner or pol yners herein refer tPraTiuseormighé
average nol ecul ar wei ght. Both nol ecul ar wei ght determ nations,

chr orsP ol A LR BT e A e Rhob AP A e A8 gl AR 0o

for neasuring nol ecul ar wei ght val ues can al so be used, such as the use of
end- o RCURE Perw withseperk fos hy drplitic gronomers fort 1speipr Blieane ygrqaslsyand
freezi ng-poi nt depression, boiling-point elevation, or osnotic pressure) to
det ersmligpactesihydrogelsr age nol ecul ar wei ght or the use of |ight scattering
techni ques, ultracentrifugation or visconmetry to determ ne wei ght-average

nol eqo0sT] vwei ghiosslifIRS]A gont. N EyRIIKKin® hgent@idrithe ndhomefly Habidfidrd 6r Bethy mer
typically neans that crosslinks are forned between the pol yner chains by

coval 1%2& i V\gx%g?m%trhg )ﬁ‘p/g ls,lis %glll i&msthos% -tiat 4 %io%efﬁ tRQ ngaénd:ér)]aﬁﬁ)m roif i

inclu t neric components, and can'inclu

interpenetr.atin ol ymer ne k (I i n whi.ch one pol r 1Ls physically
ent artgrainkne e E B R rboREhth Rl crP ARG AL ARt RE. 7 BT en
bonds between them but the polyners cannot be separated from each ot her

wi t holigerglater (Qnydimipyl pdenfunstrnalizod pdiylene onidgradighimer er monpaensueh b fone
that is water-loving or has an affinity for water. Hydrophilic conpounds
have examapld, i tnidtlyleme whicel) dindtlaceylats (AEGDMKAr gidthgtenbaglecqdpldavinyloethed es or

groups that attract water. [0071] A "hydrophilic polyner" as used herein is

def i NFEGIBVE), ReyYdiR gl Y iditBetBitrilbfel (BGDMA), and trimethylene glycol dimethacrylate
(TMGDMA). Typically, the crosslinking agents are present in the polymerizable silicone
hydrogel composition in relatively small total amounts in the polymerizable composition, such as
in an amount ranging from about 0.1% (w/w) to about 10% (w/w), or from about 0.5% (w/w) to
about 5% (w/w), or from about 0.75% (w/w) to about 1.5% (w/w), by weight of the
polymerizable composition.
[0088] Ophthalmically acceptable acid. As previously stated, the ophthalmically
acceptable acid is an acid capable of being immobilized chemically, physically, or both
chemically and physically, in the lens body, including at least at a wetting portion at a surface of
the lens body. The acid (or at least a portion, or significant portion) present in the polymerized
lens body is not extracted or washed out during typical manufacturing, storage, and/or wear
conditions (e.g., at least 90% by weight of the acid present when the lens is formed remains

afterwards, such as from 90 wt% to 100 wt%, 95 wt% to 99.99 wt%, 97 wt% to 99 wt%, or 98

Wi% t0 99 wt%).
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for water and capabl e of absorbing water. A hydrophilic polynmer is not
necessarily soluble in water. [0072] A "hydrophilic conponent” is a

hydr ophi Iwo 2subBtsaace that nmay or nmay not be a pol yner. peydseqliokéses
conponent s i ncl ude those that are capabl e of providi ng at | east from about

20% for exa eas r am.about W r content .to the
resul([p{)%/% hydr8t &% ’é*ﬂg lﬁihgﬁ’ 88%1?%82‘1& hcePﬁg éﬂﬁ a4 E acid,
conpan é A hydrophilic conmponent can include hydro h| I | C nononers

hydr db‘ﬁtl ing anlﬁ&?%ﬁ?&r & MIFFIPETH AT i RIS PP RMSS (CompFising i nbPrimically, aeoeriable.  or
conbi nati ons thereof. Hydrophilic macroners, hydrophilic pre-polyners, and
hy dr agld inpisty cis ywadl as atelgashlose flhm:tiumi@rsmmmpabke dfgpodyrheridigptu tangbipomtithons
and hydr ophobi cportions. Typically, the hydrophilic portion and the

hydr apiite bidledudstindsr e kbndiGor3Be@ R préfhré @Eag/meﬁz@dmsmd& I6nY ®0d¥ NRbndthe
macroners, pre-polyners, or poI ynmers are rophilic. [0073] A "nononer

refe r&axﬁﬂlea t]f]e,e t)%;thé’iﬁtlé’al 202\% Létzﬂlr is"P h?@fne? Q ll’@ de cIo%%hrg@érggT%}atﬁ . Sther t hat

COI’TpOUI’] aver ag ar wel g ess abou ons,

is pal able, In one. eX . mononer can co IS t of a
nol 2&8%«? ?J’rzﬁ 4P b PobyReT %DHF f’?ﬁ%&‘t‘t HH%\‘Pg Q’PE’ IZ lﬁ’? etﬁ?) %’%P%@Hezi ng
to conbine with other nolecules to forma pol yner, the ot her nol ecul es

bei n§OBPOsiHAN @ farm the, ggaghien prodyct fﬂﬁwmpmc@ﬁtﬂ@spcégn@m@blmmmmomom
A "macroner” refers to nmedi um and hi gh nol ecul ar wei ght conpounds or

pol yrewrsed fioirc thegmphthabmically) ageptable avizt @nf henc preforaed grobiups, & apapslgmer, a
further polynerization. For exanple, a macroner can be a conpound with an
aver agerémtredid Monv@bgittroghccdab Weepolymerizable mixture forming the reaction product

(e.g., the lens body), which can be distributed within the reaction product following
polymerization. In another example, the ophthalmically acceptable acid can be distributed in the
reaction product as a polymer, pre-polymer, macromer or monomer of an ophthalmically
acceptable acid that is physically immobilized by another polymer component of the reaction
product. The physical immobilization of the polymer, pre-polymer, macromer or monomer of the
ophthalmically acceptable acid can be as an IPN, pseudo-IPN, or polymeric mixture, or any
combination thereof. The component of the polymerizable composition sourced from the
ophthalmically acceptable acid can be formed in sifu in the formation of the reaction product of
the lens body. The ophthalmically acceptable acid can, for example, co-polymerize with or graft
onto another polymerizable component in the polymerizable composition.

[0090] The ophthalmically acceptable acid can be a polymerizable form of an
ophthalmically acceptable inorganic acid or an ophthalmically acceptable organic acid. The
ophthalmically acceptable inorganic acid can be, for example, a form of boronic acid or

phosphoric acid, inclusive of polymerizable and polymerized forms thereof. Boronic acids can
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about 700 Dal tons and about 2,000 Daltons. [0075] A "pre-polyner"” refers to
a polynerizable or crosslinkabl e higher nolecul ar wei ght conpound. In one
exanpl e, wopne/(B3eedgner can be a series of nmononers or mecrarsesis/oEpeed

t oget her such that the overall nolecule remains polynerizable or
crosslipkabl e. For anpl e, a pre-polymer can be 0 und Wi th an. average
mol eBed B axampls: Vg&z&l@@ﬂ hosamc 26198209 deBrrtived ot ?685@1“& bosgRg s’ 29
refers to a material fornmed by polynerizing one or nore npnomers, Nacroners
or pren el foreexample Usiylphensi boroaicpasidnainyiphamdebaprisacid 4-umyiphenyla

nol ecul e that is not capable of being polynerized, but is capable of being
cr 0s $biohliestid, ot-Oinhiphed Ibpromic acidl MIDex astgl, @nethiacnidreido pheyytdosonic agéd- in a
pol ymeri zabl e conposition or during the reaction of nononmers, nacroners or
pre- - Isfer 33 -RQY MFB A pheRy 1Bore fIFRRE, tséstitatelly007 7]
An "?ﬁ%%@%ggg%gg ?ﬁgHgﬁﬁgﬁéggﬂégﬁg§éi or "IgN" rgéégi to a conbi%ﬁti%n of
two or more different |- S, i twork f.or i eis
synt RS et & Tore s R ity PO Selg el o Phififihadt e RRbV RS,
coval ent bonds between them An IPN can be conposed of two kinds of chains
f or misHYctHRd I¥epar at e networks, but in juxtaposition or interpenetrating.
Exanpl es of IPNs include sequential IPNs, simultaneous |IPNs, sem -IPNs and

hono-1 PNs. [0078] A "pseudo | PN’ ers to a polyneric reaction product
where at | east one of the different polyners is cross-linked while at | east
one ot her polymer is non-crosslinked{(e.g. |inear
B
Ho” oH
[0091] Other boronic acids that may be used include those described, for example, in U.S.

Patent Application Publication Nos. 2007/0030443 Al, 2007/0116740 A1l and 2008/0151180
A1, which are incorporated herein by reference in their entireties.

[0092] The ophthalmically acceptable organic acid can be, for example, 1-hydroxy-2-
naphthoic acid, 2,2-dichloroacetic acid, 2-hydroxyethanesulfonic acid, 2-oxoglutaric acid, 4-
acetamidobenzoic acid, 4-aminosalicylic acid, acetic acid, adipic acid, ascorbic acid (L), aspartic
acid (L), benzenesulfonic acid, benzoic acid, camphoric acid (+), camphor-10-sulfonic acid (+),
capric acid (decanoic acid), caproic acid (hexanoic acid), caprylic acid (octanoic acid), carbonic
acid, cinnamic acid, citric acid, cyclamic acid, dodecylsulfuric acid, ethane-1,2-disulfonic acid,
ethanesulfonic acid, formic acid, fumaric acid, galactaric acid, gentisic acid, glucoheptonic acid
(D), gluconic acid (D), glucuronic acid (D), glutamic acid, glutaric acid, glycerophosphoric acid,

glycolic acid, hippuric acid, hydrobromic acid, hydrochloric acid, isobutyric acid, lactic acid
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or branched), wherein the non-cross-|inked polyner is distributed in and
hel d by the cross-I|inked polynmer on a nol ecul ar scal e such that the

non- cr osswoinkied7gesl yner i s substantially inextractabl epCrarsedlom495eé wor k.
[0079] A "polyneric mxture" refers to a polymeric reaction product wherein

di ff@ﬁﬂﬂg&%%ﬁ%@ei@.ﬁﬁu&%&d' h{lfetff‘clf %ﬁﬁp@%l?c“%&&%lg?ﬁ%&?ﬁ;aic@ 'Sn¥a61§’%ﬁé‘8&ig < a

Cros I'ng, whereéin the resu ymeric al ne
pol yner m xture a no] ecul ar scale, [008Q] A "graft polyner"” refers to a
br &b Ht?ﬂ}f‘ﬁéfru? i igdsi %P@%Hﬁgﬁ“ﬁ'sla%@ﬁbl??fgé i H%%ﬁ?‘}?‘ PULiIIG A5ty mer
different to that of the main chain. [0081] "Attach" can refer to any of
char geotinicaashhantric agidifalgic aeidplosxlic puddpalwieniadl pavond aeid, hsogriogieracid,or
adhere, unl ess specified otherwi se. [0082] As used herein, an

" ophphaighitamicl acidcdoptaldytic laeids séisicis agd,casmRnsuid,” suceiniy acid oswfuriensid,or m ng
conponent that can be incorporated into a hydrogel contact |ens w thout the

S e e G e L AT
o mEmg s BTk 60 baB AR CRBP IR ARG [ Cant corneal swol 11 ng,
corneal dehydration ("dry eye"), superior-epithelial arcuate |esions
(" SEMO93] o Ipamexanaply PNXXPTG(,‘&?IPplﬁh%léﬁ?ﬁ“dra&cfm%’ﬂi%fcﬁéﬁd\’?B@ﬁél‘hed@fl}’hﬁ@?ons
may al so be found in the sections that follow [0084] Lens fornmul ations.
Hydr elgehd e pVédnt wiaivelyasmaldf amatngréfaVPBusfod dxampleaecan be used in the
polymerizable lens composition in order to produce a lens surface to attach sufficient PVOH or
other polyhydric alcohol to achieve a wettable surface. The ophthalmically acceptable acid can
be used, for example, in the polymerizable lens composition, as well as on the lens surface, in
amounts of from about 0.01% (w/w) to about 10% (w/w), or from about 0.05% to about 5%
(w/w), or from about 0.1% (w/w) to about 0.5% (w/w), or from about 0.1% (w/w) to about 0.3%
(w/w), or other amounts, based on the total lens formulation weight.
[0094] Polyhydric Alcohol. The polyhydric alcohol provided on at least the surface of the
lens body can be, a polyhydric alcohol with a backbone comprising at least three carbon atoms,
the at least three carbon atoms bonded in a chain as a right carbon atom bonded to a center
carbon atom, the center carbon atom bonded to a left carbon atom, wherein one and only one
hydroxyl group is bonded to the right carbon atom, a hydroxyl group is not bonded to the center
carbon atom, and one and only one hydroxyl group is bonded to the left carbon atom. For
example, when the polyhydric alcohol is a diol, it is not a diol wherein the two hydroxyl groups

are on the same carbon atom (i.e., the diol is not a geminal diol, such as, for example, a 1, 1

diol). In another example, the polyhydric alcohol is not a diol wherein the two hydroxyl groups
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present contact |enses. Hydrogels conprise a hydrated, cross-1linked
pol ynmeric system containing water in an equilibriumstate. Accordingly,
hydr ogel swanetioppaByners prepared from one or nore hydr ephiusc@onmsosrer s.
The hydrophilic nononers are crosslinkable with a crosslinking agent .

ol B8 Vo G ey B Abom Candatt! b Fok b eBdE pF SRhRIL. 4 £

S|I|cone free) hydrogel |ens naterlals The hydrogel og%act Ien es have
sone 2f @gbule gnpthiet sxsraples e ftst Mobdydde a%%bolp FRIBRIATES | 4 ioh Y RsEein %é&fo
features include, for exanple, a |lens body of the contact |ens that

conp hiydesylbgoepsare qosipionetlicn a bhckbopeo bf ateleast ddacbanorigros,i thieoof dlenggrleast Ag at
| east one hydrophilic nononer, at |east one crosslinking agent that

Cr 0S hiibbi atonkebdya i bf § Ao BB s ﬁ@n?@'ri@ﬁﬁédrb@i htoth bondédtona eentdrr St
pol ymer conponent, and at | east one ophthalmcally acceptable acid. The

opht halgh Gadh %n@?l?eepén%?lc%r%(ﬁ' Hoifi I & B 3idd Bib&HaRm, "§u | n eﬁfHFHQ}Flent in

polymeric or macroneric formin t reaction product wt ens body
and at a lens surf ce .t Further t he | ens bod t he nerlzed
comp g 5Pt e el o, ¢ sl aePll hocs g Z%la‘é%aq% Erqup;
exanple a 1, 3 poly I with at | east five pendant hydroxyl group s The

pol y&pndes tQtif, aﬁtﬂﬁéhe @onee‘l hydxsherogp inbondsdde the lefinéarhamy inthe chaing(he. thens
body via the ophthalmcally acceptable acid. [0086] Hydrophilic nonomer.
The kydrioph)3 diol)rononmer can be, for exanple, a siliconecontaini ng nononer
havi ng a hydrophilic portion, a hydrophilic silicone-free nononer, or a

g 2.”3' mghsl on t hera@ether WRAHAPle] theC AP Polybl8ridvialddhdINEarD BYhPadeTh Glyol wigcapt abl e
backbone of more than 3 atoms with more than two pendant hydroxyl groups bonded to the
backbone, wherein three carbon atoms of the backbone comprise a chain of 3 carbon atoms
comprising a right carbon atom bonded to a center carbon atom and the center carbon atom
bonded to a left carbon atom, wherein additional atoms can be present in the backbone before or
after the chain of 3 carbon atoms, and wherein the chain of 3 carbon atoms only has 2 of the
more than 2 pendant hydroxyl groups bonded to the 3 carbons such that one and only one of the
hydroxyl groups is bonded to the right carbon atom, no hydroxyl groups are bonded to the center
carbon atom, and the second one and only one of the hydroxyl groups is bonded to the left
carbon atom. For example, the polyhydric alcohol can be a 1, 3 polyol, a 2, 4 polyol, a 3, §
polyol, etc. In another example, the first polyhydric alcohol comprises a polyol with at least 5
pendant hydroxyl groups, such as, for example, a 1, 3 polyol with at least 5 pendant hydroxyl
groups, a 2, 4 polyol with at least 5 pendant hydroxyl groups, a 3, 5 polyol with at least 5

pendant hydroxyl groups, etc. In another example, the first polyhydric alcohol comprises a 1, 3

polyol with at least 5 pendant hydroxyl groups, wherein the polyol has a backbone of more than
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hydr ophi Il i ¢ nononer can be used in conbination with a hydrophobic nononer.
The hydrophilic nononer can be a nononer havi ng both hydrophilic and

hydr ophobwo 2powisrsssas or noi eti es. The type and anount ofpchgseaphidsbe
nononer used in the polynerizable | ens conposition can varydepending on the

types 8‘) P Bttaﬁ{s J)r?enaﬁqdf %1%1%9%@2 ﬁg&&@%’a@s% BortdR& ﬂhth%‘qophfb%htlﬁ 1R chain

i11usfyati ons are provid spect to i'Ic nononefs for
use in s one hydro d sili,cone-free.h els 0087 ssl i nki ng
Agerfo hxéraééarwmsr%ge el 5 sSiand ARG e in 6 R Reiots? ORi i S BBE [
preparing the hydrogel s can include those that are knomn in the art, and
exanpfl ths hydroxilegronpsisi iondechtp thg dhtosrhonetath 4o therdbaing ead therremainimg attleast e
crosslinking agents include, for exanple, a diacrylate- (or divinyl ether-)
f unctwoohpadrozyd redpsydre bendedi tdatarhd gt hackboreafierethe 48uakboasof the backbenpl e,
tri(ethylene glycol) dinethacrylate (TEGDMA), tri(ethylene glycol) divinyl
et hefe 4 TRERVERD. ot g Gl xsalbolt TGEDAG Yok ahantESHMNe. RO ol it ene

egcoI dlnetﬁacrylate TMGDMA) . Typi cally, the cross |nk|ng agents are

presg n the I co e 03|t| n_nel atively
Sl 1 C?lbﬂé e el %ﬂﬁa E%%ﬂ%%? Daias %ﬁ%@% R et sE R ot
rangi from about 0. 1% ( to about 10% (w w), or fron1about 0. 5% (W w
to a fm toxdrowylgrows. wh@rmnaﬁde@st W Mmmroves s esitipnedop hsshaim of e ght
of the polynerizable conposition. [0088] Ophthal mcally acceptable acid. As
pr evinotssthgn St catteah, atoie sagihthhtathaiecalal rgpeatiog perads|of aaighd carbonmatae vdthoapabl e of
being i mobilized chem cally, physically, or both

hydroxyl group bonded to a left carbon atom with one and only one hydroxyl group. Examples

of this type of polyhydric alcohol include 1, 3, 5 polyols, 2, 4, 6 polyols, etc.

[0096] The polyhydric alcohol provided on at least the surface of the lens body can be, for
example, a polyhydric alcohol with at least five pendant hydroxyl groups. In one example, the
polyhydric alcohol with at least five pendant hydroxyl groups is a polyhydric alcohol with at
least five pendant hydroxyl groups wherein two of the pendant hydroxyl groups are attached to
the first and the third carbon in a chain (i.e., the polyhydric alcohol is a 1, 3 polyol with at least 3
additional hydroxyl groups attached to the chain after the 3 position, such as, for example, on a 9
or more carbon chain, in the 5 position, the 7 position and the 9 position, etc.).

[0097] The polyhydric alcohol provided on at least the surface of the lens body can be, in
yet another example, a polyhydric alcohol with at least 5 pendant hydroxyl groups, wherein at
least two of the hydroxyl groups are positioned on a chain of more than 3 carbon atoms such that
there is one carbon atom without a hydroxyl group bonded to it between two carbons each
having one hydroxyl group bonded to them. For example, the polyhydric alcohol with at least 5

pendant hydroxyl groups can have the first two hydroxyl groups bonded to the 2™ and 4"
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chem cally and physically, in the | ens body, including at least at a
wetting portion at a surface of the | ens body. The acid (or at |east a
portion, WO 2siigBrBcant portion) present in the pol ymeripredsb@ns4930€y i s
not extracted or washed out during typical manufacturing, storage, and/or

di t at . t 90% b ' t { th
easc o B8 ettt ovity R ram it a et hiraby i ‘%6‘ FiT " SE o
to 99.99 wt% .97 W% to 99 W% or 98 w%to 99 w9%.[0089] In one exanple,
the ebeitHBgDC RPNt elsben, st dhp §0b}’hp56111%/ alsphol a9n b pelyhydsici alephed a

nononer, a macronmer, or a pre-polynmer conprising an ophthalmcally
accewithbit deaat Scbendzitrﬂthydrca;szl wedups,ashatinl thast leastefivaint theomatroxgil @ngupsaapabl e of
pol ymeri zing to conbine with other nol ecul es under the conditions used to

Pr epeémied aﬁ?ﬂvb{éf@ aloh@dhé ObGE Ehdie fiehiReone arbBN HiihB Gt £XRITEE eréipebonded
opht hal m ca y acceptable acid is a polyner capable of crosslinking with

ot he 0 a on of
the. Boltynareaap Petdghsitl P i Qéemhf‘ﬁ”&ﬁ ok boflléd 91 %‘erB‘éUé%ﬁ%%nem
of the r|z e co It nsour r h ht hal m \ pt abl e
aci qREalP IR B grerUpAEn Apongheith oo SNl I aroRdres WBrrei HRSher
I ntroduced to the pol yneri zabl e m xture form ng the reaction product (e.g.
t he tvenef tb@hyc}roxwﬁr@mm@aﬁpcpﬁenmedton|amh@@wfmqrﬁrh¢nt3mrb@mms)wcgrﬂaﬁ! iecre
foll owi ng polynerization. In another exanple, the ophthal mcally acceptable
aci discar daebodi sdmivhitiiomd a ihydtoltel greap boadedpto ad iet caalsoraatpml positioned betweoh y er
macromer or monomer of an ophthalmcally acceptable acid that is physically
| MORi E#Bsh AYmaNQALRBF thealvY FBibok AHRANRRngUne h§8rok§P&bIP Bonded to them, and
wherein none of the remaining 3 hydroxyl groups are in the geminal position or in the vicinal
position with respect both to each other and to the first two hydroxyl groups.
[0098] The polyhydric alcohol provided on at least the surface of the lens body can be, for
example, a polyhydric alcohol having at least five pendant hydroxyl groups, such as a polyhydric
alcohol having at least five, or six, or seven, or eight, or nine, or ten, or eleven or more, pendant
hydroxyl groups. The indicated number of hydroxyl groups refers to the hydroxyl groups
present in the polyhydric alcohol as attached to the ophthalmically acceptable acid in the lens
body. The polyhydric alcohol with at least five pendant hydroxyl groups can have a weight
average molecular weight of at least 10,000, at least 50,000, at least 100,000, or at least 125,000
(e.g., about 10,000 to about 500,000, about 50,000 to about 300,000, or about 50,000 to about
200,000).
[0099] The polyhydric alcohol having at least five pendant hydroxyl groups can be a form

of polyvinyl alcohol. The polyvinyl alcohol can have a weight average molecular weight in the

range from about 4,000 to about 300,000 Daltons, or in the range of about 60,000 to about
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product. The physical immbilization of the polymer, pre-polynmer, nacroner
or nononer of the ophthalmcally acceptable acid can be as an I PN,

pseudo- | RMp 2011/03089gmeri ¢ m xture, or any conbi nation theceafs2010lese©nponent
of the polymerizabl e conposition sourced fromthe ophthalmcally acceptable

2 3 AROB TR B s f shAF SR BB Fs0k0 5GRRL VR RiRERSh o the

| ens acceptable "aci d “can

co-poly ize Wt not her pol yneri zabl e co t t he

pol yr?%‘?gezfg‘lipéb%‘ﬁﬁgQ Pg%gboqt 3&@8&’3 RS At RANATAES FPmaRho "?‘ﬁbﬁ? fga%aufcan be
a polynerizable forn1of an ophthal m cally acceptable inorganic acid or an
opht H20:400 dMdltpnac Ebppelylieybalgehwl cambé bydrahyeedivranheadtent.clar byanse.ayftatbrlast

i norganic acid can be, for exanple, a formof boronic acid or phosphoric
aci d,50enahels e adleaf @RY@Id1Z &bl o adledst P8Py RITbIZ e (hanerso)ti(bgr, 60% toBO9I8H] C

aci ds canbe, for exanple, vinylphenyl boronic acids and derivatives

t her egby, 10/o0¥), BRENYS 9@5/99}1818 Qﬁ%t%’a&t ?ﬁe 6 o??f;@{?%i afohbINYAnPHE 1¥dd

boronic acid, 3-viny phen | c acl 4-vi ny oroni c acid,

BRI RRnon, By Bt o 3Bl o0 T B B, Bl S

3-acr Ian1dopheny|boron|c aci separatel and in conblnatlons t hereof. The
Vi nyl‘%ﬁé‘ﬁme dpsingrihe agg}gcpa(l;ldﬁeth%m &4 ﬁ'ﬁ\uélon Huvater #e20FGi | owi ng structure
(1): [0091] O her boronic acids that may be used include those descri bed,
for dA6H¥]e, iRolyisyl dRathelsttypioplly emtmamifiined batpodymedomtio 00 vingD3¢etas, Al
2007/01 16740 Al and 2008/ 0151 180 A, which are incorporated herein by
r ef englilcie unliket Vigylral@hbi, i€dtatds. The polyvinyl acetate produced then undergoes alcoholysis.
As the technical properties of polyvinyl alcohol depend in the first place on the molar mass and
residual acetyl group content, industrial manufacturing processes are designed to ensure exact
adherence to these parameters. As polyvinyl alcohols are commonly prepared by partial or
complete hydrolysis of polyvinyl acetate to remove acetate groups, polyvinyl alcohols are
commonly divided into two types based on the level of hydrolysis achieved in the final PVOH
product, i.e., partially hydrolyzed and fully hydrolyzed types, depending upon the mole
percentage (mol %) of residual acetate groups that remain in the molecule after polyvinyl acetate
has been hydrolyzed to polyvinyl alcohol.
[00101] The polyhydric alcohol component can comprise a mixture of two or more
polyhydric alcohols. The mixture can be a mixture of two or more types of polyhydric alcohols,
such as a polyvinyl alcohol and a different polyhydric alcohol. The mixture can be a mixture of
two or more polyhydric alcohols of the same type having different average molecular weights

such as, for example, a polyvinyl alcohol with an average molecular weight of about 100,000

Daltons and a polyvinyl alcohol with an average molecular weight of about 200,000 Daltons.
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[ 0092] The ophthal mcally acceptable organic acid can be, for exanple,

- hydr oxysnapht hoi ¢ acid, 2,2-dichloroacetic acid, 2-hydroxyethanesul fonic
aci d, 2-owogbutmsrsss aci d, 4- acetam dobenzoic acid, 4-amrcmasadiooydsv€ aci d,
acetic acid, adipic acid, ascorbic acid (L), aspartic acid (L),

benza&}es u Eu%(glggra Ci )‘%Imx élg{)éf) t'v&(l:o (?rCI 91’(: Ry 'Iﬁ,HP ¢ 'afcoﬁlgf gwt% dlffer(émg'c altl(:% The

10-s C aCI ol € acCl caprol ¢ acl exanoi c

acid),. caprylic aC|d (oct anoi c aci carbonic acid c.ac citric
aci d,Mig{He 5 be a@iyturgy rsre@wog@ys 1¢ alcohqls R dlfferémgﬁ\é{ﬁ P%‘ilﬁdédlé(&‘?’d,

et hanesul foni ¢ aci d, fornlc acid, fumaric acid, galactaric acid, gentisic
aci d,sugh as; doregxaopies agolyvirybplcobdluwiting bydrolydis(®)el ofj8Y6wnd aipehainyd a?cg)ic,)l
glutam c acid, glutaric acid, glycerophosphoric acid, glycolic acid,

hi ppugitle adgidéolyly devebroBriges. aWhen tiey ehigahl 6f two @€ infhre ipdDIdytipe ialcohclisds a acti ¢
acid(DL), lactobionic acid, lauric acid, maleic acid malic acid (-L),

mil 0 &t o‘F t\gﬁ?hqﬁlfdﬁc éoqllost'tﬂe’ tw@h{ﬂ?om A& 5195}1 s e [?J% IpPe%Qxlﬁt 413 R of

on| nap tha ene- C aCI , hicotinic acid, nitric

Sﬁ'rggabﬁl'ee et b g o Boi2h K] e B HEIOG "SSP PV, 21

succinic aC|d sulfurlc acid, tartaric acid (+L), thiocyanic acid,

t ol ueEboutIG(W¥)-d (p), undecylenic acid, a pol ymerizable form of one of
t he above acids, and any conbi nations thereof. [0093] In an exanpl e where
t he dpOt0l nmi cAlthopghdo epdctibe evasariisl geserdlBBthanwehte upd| fph PHOH, @hombed of s
PVOH, a relatively small anmount of VPB, for exanple, can be used in the

pol yreehdrzalthiie lseRents OTROREAL Qiktires @b @Rist. tWhidé eHéUsoButidn! R beSfiidel eCHIVeRtsAt t ach
sufficient PVOH or other polyhydric alcohol to achieve a wettabl e surface.

The W%QQ&Mt%},liyisalﬁfﬁngﬂ)lal tHat?fthd s6RRnts may be used in place of, or in conjunction

with water. For example, the solvent can be a buffer, such as, for example, phosphate buffered
saline (PBS), including 30mM PBS. PVOH solutions can be used in the present invention for
wetting or soaking contact lenses and can have a PVOH concentration from about 0.01 (w/w) to
about 15% (w/w), or from about 0.05% (w/w) to about 5% (w/w), or from about 0.1% (w/w) to
about 3% (w/w). An example of a PVOH solution is an aqueous or saline solution with at least
0.05% (w/w) PVOH. Another example of a PVA solution is an aqueous solution of from about
0.25 (w/w) to about 1% (wt/wt) MOLWIOL 40-88 PVA, commercially available from Kuraray
(Houston, TX, USA). Other PVOH concentrations also may be suitable. However, it is
recognized that the optimal concentration can depend on the grade of PVOH, the molecular
weight of the PVOH, or both. Such concentrations will be apparent or easily determinable by
those of skill in the art through routine experimentation.

[00103] In one example, the PVOH solution can include boric acid. The presence of the

boric acid causes the PVOH to gel, thereby increasing the viscosity of the solution. While not
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be used, for exanple, in the polynerizable |lens conposition, as well as on
the Il ens surface, in anmounts of from about 0.01% (W w to about 10% (w w),
or from avoun113@®36 t o about 5% (W w), or from about 0. Pea(Uscewp/otmoabout

0.5% (W w, or fromabout 0.1% (ww to about 0.3% (wWw), or other anounts,

based aon th otal .lens rul at. wei ght . [.0094]. Pol dric C The

po s i o S ey ohRE B RGP potic P i T T Bt 3R
\polyh ydric al cohol wi.th a backbone conprising at |east three carbon

at orré’ QHdo 3t lepd paytially caesshink ES’o‘Fﬁegt g Mekingd P‘i’sﬁlbéP Orassassdhe thickpgss far bon

atom bonded to a center carbon atom the center carbon atom bonded to a

| ef t thafloper” af BVOMivdiieh paromthesmid thallgnsoAdditipoallyx yti is debensditbatoorsbokado t he

ri ght carbon atom a hydroxyl group is not bonded to the center carbon

at omP\aDH reigeatefiloranhey leas Surfaedrigsithe BUIRWY thesleRORo@ thsied ekieat deddmpapedoon
atom For exanple, when the pol yhydric al cohol is a diol, it is not a diol

Bher ¢ ckAENE IVGFOSLpRURDORIE: B FARUATE FRTRERA Ao the di o
Frehgd PRI &

is not a genlnal dlo[ exanp In anot

cxe s BB AR R i ﬁn*“‘"t%r ﬁ%tfﬁﬁ% [P colp e

V|C|nal di ol , such as for exanple, a 1, 2 le|i I n anot her exanple, the
fi r stchangey iy sme Peapesiss PT thsripns bady suchys forgramplen modalus,yindrgrsile sirengihoups
are positioned on a backbone of at |east 3 carbon atons, three of the at

| eastan@ alsarésrshayieo festbal ofqdbertipadimglof stBindsi dfdV @cho’rﬁledenspniuﬁipig“ﬁrandg’ht
carbon atom bonded to a center carbon atom and the center carbon atom

bondest at Rast gagidllyCréR Rkl PVDHSIAE betddBére@ REthRYEHSO M itridigl the P@pleToft O t he

ri ght carbon, the center carbon atom does not have a hydr oxyl group
the layer of PVOH on the lens, and making it more difficult for the bulkier crosslinked PVOH to
migrate into the lens body. For example, boric acid can be included at a concentration of between
0.0005% (w/w) and 1%, (w/w) or between about 0.01% (w/w) and about 0.2% (w/w), in a
solution of PVOH.
[00104] In another example, the PVOH solution can include a second polymer. The second
polymer can include, for example, a form of polyvinyl pyrrolidone, a polymeric form of
phosphoryl choline, such as, for example, 2-methacryloyloxy ethyl phosphorylcholine (MPC,
HEMA-PC), or a polymeric form of hydroxyl propyl methyl cellulose (HPMC). Mixing PVOH
and a second polymer can result in the two polymers becoming entangled. The PVOH and
second polymer solution can be heated to increase the level of entanglement. As the second
polymer is entangled with the PVOH, when the solution is used to treat at least the surface of a

lens body containing an ophthalmically acceptable acid, when the PVOH attaches to the

ophthalmic acid, the entangled second polymer will be attached as well.
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bonded to it, and the second hydroxyl group is bonded to the left carbon in
the chain (i.e., the diol is a1, 3 diol). [0095] In another exanple, the
first polwbydric7@Bcohol can conprise a polyol wth a backhsp@ooisoore t han
3 atonms with nmore than two pendant hydroxyl groups bonded to the backbone,

at o QRS PGS, i Cafbuk s BRFHBRIRPERA S B ai R B n i AEng (e

center carbon atom bonded to a | eft carbon atom, wherein addjtional i’;\toms
can ROIY9! 88 @rilurface ¢arepTEIA®BAIKMBETSY lenypodyrqogtainipg ag ﬁahthalewa&v a¢teBhleat ons,
and wherein the chain of 3 carbon atons only has 2 of the nore than 2
pendanid, Whereax g ipolyvoryp slchbeldestingdivehe Borednydons] guups isktactedgo armplonéty one
of the hydroxyl groups is bonded to the right carbon atom no hydroxyl

gr oupg 4axV1ﬁylEHé1@ﬂ?ﬁoﬁoﬁlct deed OEPR)erALHoR@n FCN A 2 fbrinhT veBa ity Dhogio dcian| y
one of the hydroxyl groups is bonded to the left car bon atom For exanpl e,

the kaéﬁméqrt Cfoﬁh g&ﬁ m&RdRe &10?1 prgd lfY)Plexa F a%o AViehs b f The lﬂﬁl yol,

n anot e, the I rst po yhydrl C coh conpris

vvlth at | east 5 dant hdrox h f.or
pol ydPaEs oxp Wl@h@fem%wﬁg ey Srw%ﬁﬁa&% fha e ST apesShs BT PR oorPr asd | east
5 pendant hydroxyl groups, a 3, 5 poly W th at | east 5 pendant hydroxyl
groupsen ke polymerigalby thondeds ane| thus tbﬁepffft r0§ t the opalyper matray cBhide leBhhodkes a
1, 3 polyol with at |east 5 pendant hydroxyl groups, wherein the polyol has
a bacKbomeively, nthe ebordraa Jcahcho rbeat ars)-pabyreerivatileo fidryn thee iof disjeesedynlr they|
groups is bonded to the 1st carbon in the chain, no hydroxyl groups are
bondegorotndr BBixSIBEOR Fe£ddd@Nforh AR 1dhs tHa8y CliddeBy tAPFihS ehe 8RFerdiacid ity tiene

polymerized lens body. The lens body is then contacted with a solution containing a polyol, for

example a polyvinyl alcohol having at least five pendant hydroxyl groups. As shown in FIG. 1A,

PVOH molecules are then attached to the boronic acid groups on at least the surface of the lens

body.

[00106] As shown in FIG. 1B, a polymerizable form of vinylphenyl boronic acid is reacted

to form lens body composed of a homopolymer of the acid in the reaction product. The lens

body is then contacted with a solution containing a polyvinyl alcohol having at least five pendant

hydroxyl groups. As shown in FIG. 1B, PVOH chains having at least five pendant hydroxyl

groups are then attached to portions of the homopolymer on at least the surface of the lens body.

[00107] As shown in FIG. 1C, a polymerizable form of vinylphenyl boronic acid is reacted

with N,N-dimethyl acrylamide (DMA) to form a lens body composed of a copolymer of the acid

and DMA. The lens body is then contacted with a solution containing a polyvinyl alcohol

having at least five pendant hydroxyl groups. As shown in FIG. 1C, PVOH chains having at least
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of the hydroxyl groups is bonded to the 3rd carbon atomin the chain, and
the remaining at | east two hydroxyl groups are bonded to atons of the
backbone wobteri/i3he®34 carbon of the backbone (e.g., the PCchuUséiloo49%bé at ons
of the backbone, etc.) In yet another exanple, the first pol yhydric al cohol

comp rﬂv & en%at‘?tolllcPy %xy\ivl ﬁ&(l})% %@Ct Qt?ac‘ﬁ]é (rggrtfolﬂ? Q1f %hg %Bﬁ)(ﬁgm%; §1Erga)t( 3?3.@9% to at

| east € penda rou S, east groups
are positioned on Hg? chain of nor e than 3 carbon atons such that there is
a reﬁ@g%“ﬁﬁﬂg%kpégo ~a right carbon atom wi thout a hydroxyl group bonded
to a left carbon atomw th one and only one hydroxyl group. Exanples of

t hi s (098] of phd sheyarind16l ¢Bhapolymeriaahde forn3o ‘andpﬁlw?boromc a¢id i reastedol s,
etc. [0096] The polyhydric al cohol provided on at |east the surface of t he

| ens vhigd\DMIAN ahé , ethhydénce XBapl Enetldy] p@hy hindihacrytite GBOIMAY tdh faim | edais bodse
pendant hydroxyl groups. In one exanple, the polyhydric alcohol with at

| eastg, § rfwb j&?’éil P! acgf 1& 4nd F5MQl yﬂﬁqéﬁ@oﬂggfﬁﬁh gwﬁtﬁ&e@%t’heaas'[

five pe gr oups e|n two of e pen roxyl groups are
attach irst, and. t bon th ol yhydric
2 torition Sohdihidg RRHLS ny\ha@ﬂh?&?law St Eﬁngﬁi}%YHQéWB%W“P K%%%’é’“){l

attached to the chain after the 3 03|t|on such as, for exanp on a 9 or

nor e 18dilGod Ds P G ghains havingnasleast d“we Rendant hydeoxyl GFOURS e H@ngatﬁélaﬁdt fon,
etc.). [0097] The polyhydric al cohol provided on at |east the surface of

t he |pensonsedyhecapolymer ion ayletstamosunface efkthedne body.pol yhydri ¢ al cohol with at

| east 5 pendant hydroxyl groups, wherein at |east two of the hydroxyl

gr ouge0E% Podhtdnened@dnpie, 3h€ Neisrbodl daRIR ihiédaddciar the RoRitieNTcoataiting et
polyol. The autoclave conditions may be, for example, from about 100° C to about 150° C for a
time period of from about 20 minutes to about 40 minutes, or may be from about 110° C to about
130° C for a time period of from about 25 minutes to about 35 minutes.
[00110] Silicone Hydrogel Lens Formulations. A silicone hydrogel lens formulation
comprises at least one silicone-containing component that is compatible with the ophthalmically
acceptable acid, the at least one hydrophilic monomer, the at least one crosslinking agent, and the
polyhydric alcohol at the lens surface. With respect to polymerizable lens formulations as
discussed herein, “compatible” components refers to components which, when present in a
polymerizable composition prior to polymerization, form a single phase that is stable for a
duration of time adequate to allow manufacture of a polymerized lens body from the
composition. For some components, a range of concentrations may be found to be compatible.
Additionally, “compatible” components are components which, when polymerized to form a

polymerized lens body, produce a lens that has adequate physical characteristics to be used as a

contact lens (e.g., adequate transparency, modulus, tensile strength, etc.)
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there is one carbon atom w thout a hydroxyl group bonded to it between two
carbons each havi ng one hydroxyl group bonded to them For exanple, the
pol yhydr iwoaboiaizedo3wi t h at | east 5 pendant hydroxyl groeps/usasnolaosest he
first two hydroxyl groups bonded to the 2nd and 4t hcarbons of the carbon

chai ' 3

bilﬂmv“ei oo liebErE &Wamﬁ%‘fﬁ'ﬁﬁ‘@%‘vbzﬁé’ o ?ﬁ*y 5%%59&’%%35??% et i0n be
rlc al cohol with at St en hydr ox roups wherein the

at | éﬁ%tﬁl ICPRECYHAInKg GARAOFRTH Caé‘a‘?fu ‘g’i‘énﬁ 0%91 légeﬂoﬂ‘rli’@n‘ifﬁéncaé‘r bon

chain such that one carbon without a hydroxyl group bonded to it is present

bet weamuah gteatsa rthamn 2Qot (v/ehefon edaorigl grgat@uthabdﬁ&redwfc\@ pf theTiogal pudlpentarr i ¢

al cohol can be a pol yhydric alcohol with at |east five pendant hydroxyl

gr oupgeignher e Rilkbné-e@ghiningocodiponbst. el Xi¥ikom - mpanias &opPshdénto bedprtide a

chain of nore than 3 carbon atons such that there is one carbon atom

Wi t h%ﬁyrﬁer%ﬂl@%ﬂ(&tmﬁé%’r@u&%ﬁ@ﬁQs bQylate, n{eﬂ?acgﬁa(té’% \;%ﬁf@epﬁéih%@[bﬁﬁd@@i een

two car’bon atons, each the two carbon at i ng one hydfioxyl "group

' ﬁQdévirmtl"lg%&%?sﬁla”dAa%ﬁr eﬁm% R ﬁﬂnﬁéhf%%??l?és” Sk ALY oBfh R g

ot her a o the t ftwo oX ups. [0098] The pol yhydric lcohol
provify Csai aafieqcegei ﬁ%rﬁlél %%ﬂ@é %?n f151 ICP%@%W%&W%@ apg @Gl‘é’ﬁl e a

pol yhydri c al cohol having at |east five pendant hydroxyl groups, such as a
pol yhyetroneer girceshmiondmen. ndn atditiendo thé wdicone-caitainingrcosepoands oapresengiad byor
nine, or ten, or eleven or nore, pendant hydroxyl groups. The i ndicated
nunbebrmvila i(y)dd@wbecghmm ek@hples off wtlidhesiliooaeR¥ithingiOb@RBpdicasethlt maythee

pol yhydric al cohol as attached to the ophthal mcally acceptable aC|d in the

| ens yseful in the present lenses can be found in U.S. Pat. Nos. 3,808,178, 4,120,570, 4,136,250,

4,139,513, 4,153,641, 4,740,533, 5,034,461, 5,496,871, 5,959,117, 5,998,498, and 5,981,675,
and U.S. Pat. Application Publication Nos. 2007/0066706 Al, 2007/0296914 Al, and
2008/0048350 Al, all of which are incorporated in their entireties herein by reference. The
silicone-containing component can be a silicone-containing monomer or macromer.

[00112] A silicone-containing monomer, macromer or prepolymer can have, for example,

the following general structure (II):

o R,
RS- X— (L) CH)y—SI— Rz
Rs

where R’ is H or CH3, X is O or NR* where R* is H or a monovalent alkyl group with 1 to 4
carbon atoms, a is 0 or 1, L is a divalent linking group which comprises from 1 to 20 carbon

atoms, or from 2 to 10 carbon atoms, which can also optionally comprise ether and/or hydroxyl
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body. The pol yhydric al cohol wth at |east five pendant hydroxyl groups can
have a wei ght average nol ecul ar wei ght of at |east 10,000, at |east 50, 000,
at | east WOQpD@B7898r at | east 125,000 (e.g., about 10, 0®CTIUS2@0OWS9600, 000,
about 50,000 to about 300, 000, or about 50, 000 to about 200, 000) [ 0099]

The pol vhydri c_al cohol ast fiv t URS pcan be
a ol Br 55 eSuTR 1agf>lésﬁe;len9¥f¥e°°4o SRPY m A o B b D SR 2 SRR

aver age nol ecul ar wei g i.n the range fron1about 0 to_ about 300 000

Dal t 3RS Ragran; be thﬁe%am&rfgéhefﬁreabmﬁ A LTOMRS meep&ae%ntm??w Fem¢hyideocagion;  { he

range of about 80,000 to about 150,000 Dal tons or higher, or in the range
f r omgadypathatiag, 100Gbowt neuborpatoms 06z Dalethyh groups), hydrombwragtgepsf substitabedut

140, 000 to about 190,000 Daltons. The pol yvi nyl al cohol can be hydrolyzed
to anieixbedhor micre RanPlatomfa siloxagAdASrobPYandnsiloxafie chzﬁh-cbﬁtaﬁlﬁngBBfKie(til?fDJ e %

or at |east 98% hydrolyzed (mole % (e.g., 50%to 99.9% 70%to 99% 75%to
99. S%HerGh &t é%u)t oné%fk‘?aﬁzt aH&'ﬁ Compt %fs aPi%'aytVdn@%ho?a{nE%R' -081). 'Fr Hy?a%%l@,av' ng
a viscosity o exanpl rom about 50 centi poi se to about

e SR BT RS E P B R TR ”4%”

manuf get ured by poly nerlzatlon of vinyl acetate, which unlike V|nI

al co%l are; lgdgzeaéwly ethid, pisthylsi eprylaphenst e »monovdent sHexang r?é'e\mgc@é@rlsmg

al cohol ysis. As the technical properties of polyvinyl alcohol depend in the
fi r stiromh dce aboutt HE, opfram atess 1 andbew S0doafromcabioyt 1 go abgut QOntepadtingi $idOst ri al
manuf acturi ng processes are designed to ensure exact adherence to these

par anmiters. As pol yvinyl al cohols are conmonly prepared by partial or

[00113] One, two, or all three of R;, Ry, and R3 can also comprise other siloxanyl groups or
siloxane chain-containing moieties. The combined linkage of —-X-L—, where present in a
silicone-containing monomer, macromer or prepolymer of structure (II), can contain one or more
heteroatoms that are either O or N. The combined linkage can be straight chain or branched,
where carbon chain segments thereof can be straight chain. The combined linkage of —X—L— can
optionally contain one or more functional groups selected from, e.g., carboxyl, amide,
carbamate, and carbonate. Examples of such combined linkages are provided, for example, in
U.S. Pat. No. 5,998,498 and U.S. Pat. Application Publication Nos. 2007/0066706 Al,
2007/0296914 Al, and 2008/0048350, all the disclosures of which are incorporated herein by
reference. The silicone-containing monomer, macromer or prepolymer of the present invention
can comprise a single acryloyl group, such as shown in structure (II), or optionally can possess
two acryloyl groups, such as one at each terminus of the monomer. Combinations of both types
of the silicone-containing components optionally can be used in polymerizable compositions of

the present invention.
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conpl ete hydrolysis of polyvinyl acetate to renove acetate groups,

pol yvi nyl al cohols are commonly divided into two types based on the |evel
of hydrolweistizchsseved in the final PVOH product, i.e., ppanuscaoloyssos
hydrolyzed and fuIIy hydrolyzed types dependi ng upon the nDIe per cent age

(ol re ate oup I’EITB.I ntherme fre

por y By L C oot Mol RSB ShEiell Y Treaear SRS mdfalRo t&t?%i] (e

pol yhydri ¢ al cohol conponent can COWIZ)H se a mxture of two or

pol v IEFasRlY spi stnge drontipbows 200, tosaboyh 200 Ralipns: GF drogt abeys 39P tmbeutt 1305 of
pol yhydri c al cohols, such as a polyvinyl alcohol and a different polyhydric
al cohltong e fioinxahaue 5eGtv dbeunl 20Daloes.of two or nore pol yhydri c al cohol s of
the sane type having different average nol ecul ar wei ghts such as, for

exanjO@L1sR polBRAs o sEadbab-cohtthia cRMRIRaIS oTahE prekalt iHRingbE iudb ok

100, 000 Daltons and a pol yvinyl alcohol with an aver age nol ecul ar wei ght of
b 000

ol Yy AP o PR RS T Sl ¥l 2 Pftarion.
ydr Eﬁégé’ciyl%gfmﬁéyﬁs@aﬁethi@ﬁdy‘gﬁlaﬁ'e TR SR DR GRS 94 <

level of 89% and a pol yvinyl alcohol with a hydrolysis Ievel of 98% When
t he rﬁl@&hﬂdétrmethwlelw)mdhecrﬁwymyf«hyl glag¢.cohol s is a mixture of two

pol yhydric al cohols, the two pol yhydric al cohols can be present at a ratio
of alj6@k1695: 5 S(paciﬁ):,exaltnplets 0P @hel Biliconerjontading tcoBPoéhty vanhe, fabexdmple): B0
(w.w), about 60:40 (w.w), or about 50:50 (w.w). [00102] Although in

pr actfirerivakisiiyoxgeisTptdpyl hitehazslime TS eavdilaple AYSh, avail e TRim Welest,

Morrisville, PA, USA), and monomethacryloxypropyl terminated polydimethylsiloxane
(available from Gelest, Morrisville, PA, USA). These silicone-containing components can have
an alkylene group as a divalent linkage group (e.g., (CHa),—) and “a” can be 0 with reference to
structure (II), and at least two siloxanyl groups. These silicone-containing components are
designated herein as Structure (A) class silicone-containing components. Exemplary non-limiting

structures of these silicone-containing components are shown as follows:
0 OSICH)
B C=C—C ~O(CHy);3i—0Si(CHy)
CH, 0Si(CH; );
Tris

;and
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ot her suitable solvents or solvent m xtures do exist. Wile the solution
can be free of solvents other than water, it is understood that other
sol vent s wayotw3e®ed in place of, or in conjunction w tRCRAISeN10/0FF06
exanpl e, the solvent can be a buffer, such as, for exanple, phosphate
buffered saline (PBS), including 30mM PBS. PVOH sol utions can be used in
the present invention for wetting or soaking contact | enses and can have a
PVOH concentration fromabout 0.0l 4w w to about 15% (ww), or from about
0.05% (W w) to about 5% (w w), or f}» about 0.1% (ww) to about 3% (W w).
An exanple of a PVOH solution is arfyagueous or saline solution wth at
| east 0.05% (W w) PVOH Anot her exafpl e of PVA sol ution is an agueous
sol ution of fromabout 0.25 (w/ W t¢ abdyt WV\I) MOLW QL 40-88 PVA,
commrercial ly avail abl e f?\@ﬁﬁ(ﬁwjér@ﬁl(\ ust®f, TX USA). Cther PVCH
concentrations also may be suitable. However, it is recognized that the
opti mal concentration can depend on the grade of PVCH, the nol ecul ar wei ght
of the PVOH, or both. Such concentrations will be apparent or easily
determ nabl e by those of skill in the art through routine experinentation.
[00103] In one exanple, the PVOH solution can include boric acid. The
presence of the boric acid causesr%{%e P to gel, thereby increasing the
viscosity of the solution. Wile Hare bound by any theory, it is
believed that including boric acid in the solution my cause the PVOH to at
| east[0BBKH al |9ther spesificrikamplastod silfcone-herdaining qognanents 988 by kor exampler dase
the thickness of the "layer" of PVOH which can adhere to the |ens.
Addi tmethadrilpxy{2thyidsoxypkapsicey)drbpstibis(tomsthyiskexly)PVOHnethgsdires f r(651GMA”] ens
surface into the bulk of the lens to a | esser extent as conpared to
available from Gelest, Morrisville, PA, USA) and

methyldi(trimethylsiloxy)sylylpropylglycerolethyl methacrylate (“SiGEMA”). These silicone-
containing components include at least one hydroxyl group and at least one ether group in the
divalent linking group L shown in structure (II) and at least two siloxanyl groups. These silicone-
containing components are designated herein as Structure (B) class silicone-containing
components. Additional details on this class of silicone-containing components are provided, for
example, in U.S. Pat. No. 4,139,513, which is incorporated in its entirety herein by reference.

SiGMA, for example, can be represented by the following exemplary non-limiting structure:
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non- cr ossl i nked PVOH. Dependi ng upon the lens fornulation and the form of
PVCOH used for surface treatnent, mgration of PVOH fromthe | ens surface

i nto the Wol2k11af3789Be | ens can produce changes in sone pPopArske1esH493H6 t he

| ens body such as, for exanple, nodulus, and tensile strength, and al so

| ens shape. I nstead of adhering single "strands" of PVOH to the |ens,

mul tiple "strands" of at |east] partially crosslinked PVOH can be adhered to
the lens, Lhus increasing the8idepth" of the layer of PVOH on the | ens, and

making it re difficult for tde bul kier crosslinked PVOH to mgrate into
t he IéﬁSEﬁ%gm Lc acid can be included at a concentration

of between 0. 000 (ww) and %96 (ww) or between about 0.01% (ww and
about 0.2% (ww, in a solutign of PVOH [00104] In another exanple, the
PVOH sol uti on can |nclude a sécond polynmer. The second pol ymer can incl ude,
for exanple, a fciég l.yvinyl pyrrolidone, a polyneric form of
phosphoryl cholin 4%; for exanple, 2-nethacryl oyl oxy ethyl
phosphoryl chol i ne (NPC HENA—PC), or a polymeric form of hydroxyl propyl
met hyl cel lul ose (HPMC). M xi ng PVOH and a second pol yner can result in the
two pol yners becom ng entangl ed. The PVOH and second pol yner solution can
be heated to increase the |level of entanglenent. As the second polyner is
ent ajo0HA@] wi t ISilidvaeR¥idininghesmpdnents oif Stauctrds S Ad ard (B)ocahrbeatsediindivddsdliyt he
surface of a |lens body containing an ophthal mcally acceptable acid, when

the RYQrdf EREhiRsidne tﬁé?@omﬂﬁsbi}ﬂ{e@iwo@%ﬂpoémsw asle SREANM. BAlKARY Wi |
be attached as wel|l.[00105] FI'Gs. I B, 1C and are non-limting

SC he%ﬁfaﬁﬁngo Eorﬁ;%n@ﬁfs o?@tr%tux%s (ﬁ)f Sﬁd/&r (BE} are further used in combination with at least

one silicone-free hydrophilic monomer, such as described herein. If used in combination, for
example, the amount of silicone-containing monomers of Structure (A) can be, for example,
from about 10% (w/w) to about 40% (w/w), or from about 15% (w/w) to about 35% (w/w), or
from about 18% (w/w) to about 30% (w/w). The amount of silicone-containing components of
Structure (B) can be, for example, from about 10% (w/w) to about 45% (w/w), or from about
15% (w/w) to about 40% (w/w), or from about 20% (w/w) to about 35% (w/w).

[00119] Other silicone-containing components also can be used. For example, other suitable
types can include, for example, poly(organosiloxane) pre-polymer such as a,w-bismethacryloxy-
propyl polydimethylsiloxane. Another example is mPDMS (monomethacryloxypropyl
terminated mono-n-butyl terminated polydimethylsiloxane). Other useful silicone-containing
components include silicone-containing vinyl carbonate or vinyl carbamate monomers including,
without limitation, 1,3-bis[4-(vinyloxycarb-onyloxy)but-1-ylJtetramethylisiloxane 3-
(vinyloxycarbonylthio)propyl-[tris(trimethylsiloxysilane], 3-[tris(trimethylsiloxy)silyl]propyl

allyl carbamate, 3-[tris(trimethylsiloxy)silyl]propyl vinyl carbamate; trimethylsilylethyl vinyl
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pol yol on a surface conprising a polynerized | ens body containing an
opht ham cally acceptable acid, wherein a polyvinyl alcohol having five or
nore hydrwoybilignesps is attached to a pol yner of 4-vi nylppmarsgéioberseai c aci d
(VPB). As shown in FIG 1A, a formof vinylphenyl boronic acid is reacted
to forma polynerized reaction product, for exanple, a contact |ens body.
The Icarhonaisagnd wimatyisiliimethybynghsasbonaley Eg?raa%o P%%%rnmowf?tﬁ%seéﬁwa%—e gf
the | ens body. The boronic acid can be polynerically bonded and thus be
part coftairieg pahpenentsnanrtiexproyideddor exmnmledy.U.Al Patr Nat 53988498 and Wbdriati ¢
acid can be a non-polynerizable formthat is dispersed in the nonomer m X

that Agplicaast BObIicAtibOINBs! DEO7/EEE 700 A, 20070 B89 14 4D ahd Q008Y60483Spesls etk aci d
in the polynerized | ens body. The lens body is then contacted with a

SOl ut4; Oy AR TR WHidhSr&iR8 ted h@Lin®Y3BRIGc& Pol yvinyl al cohol having at
ive nt hydroxy

| east penda groups. "As shown in FIG 1A PVCH nol ecul es are

h hed d. he_ b ' I h .
| one BBIPY T ootBegmisers@ S mArse eBloPR e ef P Y MBIt ey

boronic acid is reacted to form|ens body conposed of a honopaol ymer of the
aci d notymerizablea comppsipprsdueed trhmake fhe pRygsent scontash lewsss-adbe gsiiFens-faee

sol ution containing a polyvinyl alcohol having at |east five pendant

hy dr angtonggrs epcdudetsy dtyshilic compdiu@ds kgt cOvaid aleairmsorh ailicoy atmy. éhslrophilice
pendant hydroxyl groups are then attached to portions of the honopol yner on

at | egifdonbiiRe SHEARERs @hn bORsé® IS cdbiMatidnORER &llicHfe-shiRing mbhdmerd Ga tiie

pol yneri zabl e form of vinyl phenyl boronic acid is reacteg
polymerizable compositions to form silicone hydrogels. Hydrophilic silicone-free monomers can
be used in combination with other silicone-free monomers, including silicone-free hydrophilic
monomers and silicone-free hydrophobic monomers, in the polymerizable compositions to form
silicon-free hydrogels. In silicone hydrogels, hydrophilic silicone-free monomer components
include those that are capable of providing at least about 10% (w/w), or even at least about 25%
(w/w) water content to the resulting hydrated lens when combined with the other polymerizable
composition components. For silicone hydrogels, the total silicone-free monomers can be from
about 25% (w/w) to about 75% (w/w), or from about 35% (w/w) to about 65% (w/w), or from
about 40% (w/w) to about 60% (w/w), of the polymerizable composition.
[00121] Monomers that may be included as the silicone-free monomers typically possess at
least one polymerizable double bond and at least one hydrophilic functional group. Examples of
polymerizable double bonds include, for example, vinyl, acrylic, methacrylic, acrylamido,
methacrylamido, fumaric, maleic, styryl, isopropenylphenyl, O-vinylcarbonate, O-
vinylcarbamate, allylic, O-vinylacetyl and N-vinyl lactam and N-vinylamido double bonds. In

one example, the hydrophilic monomers are vinyl-containing (e.g., an acrylic containing
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with N, N-dinethyl acrylam de (DVMA) to forma | ens body conposed of a
copol yner of the acid and DVA. The | ens body is then contacted with a
sol uti on wonvavasrsyg a pol yvi nyl al cohol having at | east pCITMS2q@enedEné
hydr oxyl groups. As shown in FIG 1C, PVOH chains having at |eastfive

ool Y oL S DRI e iRy

pol ynmeri zabl e form of vinyl phenyl boronic acid is reacted with DVA and
et hy|BFBSE TSP b s fFPssHEkE agthacryl ate (EGVMA) to forma |ens body
conposed of a copolynmer of the acid, DVA and EGVA. The |l ens body is then
cont d00B22]wi t Sushs blydriophitic c siticenarfrery mopuheryi mpy hé claiolarehawt ngecassatibast
five pendant hydroxyl groups. As shown in FIG 1D, PVCH chains having at

| eastcrbdsliakipg ageins. dondidesed las @rsabges oﬁmﬁlbplemomib@mcﬁ&dmbw,mﬁs'aafylibhe
copolynmer on at |east the surface of the | ens body. [00109] In one exanple,

the 't?g%'el?rodé(cé?ﬁé‘-c&ﬁaiﬂih G’?er?é’c?%?iefbohﬁﬁrhzg'#éﬂg%{éé gg[}ft ‘i’r%%gﬂ%r %Bﬁtagxgﬁﬁ’ e The

aut oc conditions nma exanp to a 150 C

for a tine er'@gzé%f agout 0 nutes to abogut 40 m nutes r be

fr omasbure S  GLHECROTR) 5%t 10 MRt Ry BT okt eaionih 88 235 TPt e

to about 35 mnutes. [00110] Silicone Hydrogel Lens Fornul ations. A

si | i briwhigly areqdsa knogmstopghymarize rediltonpri ses at | east one

si licone-containing conmponent that is conpatible with the ophthal mcally

accedfR¥ acikbr sillvenahydregds, tbeibydrpphitip kilicowe-fremcoreponehtheanadonipeme moone

crosslinking agent, and the pol yhydric alcohol at the lens surface. Wth

r es paglicon@oRRiMAE oadhkee cdBpdnch@rddHpaAking 3% a@fylic monomer (e.g., a monomer with
a vinyl group at the a-carbon position and a carboxylic acid terminus, a monomer with a vinyl
group at the a-carbon position and an amide terminus, etc.) and hydrophilic vinyl-containing
(CH,=CH-) monomer (i.e., a monomer containing a vinyl group that is not part of an acrylic
group).
[00124] [lustrative acrylic monomers include N,N-dimethylacrylamide (DMA), 2-
hydroxyethyl acrylate, glycerol methacrylate, 2-hydroxyethyl methacrylate (HEMA),
methacrylic acid, acrylic acid, methylmethacrylate (MMA), ethylene glycol methyl ether
methacrylate (EGMA) and any mixtures thereof. In one example, the total acrylic monomer
content is in an amount ranging from about 5% (w/w) to about 50% (w/w) of the polymerizable
composition used to prepare a silicone hydrogel lens product, and can be present in an amount
ranging from about 10% (w/w) to about 40% (w/w), or from about 15% (w/w) to about 30%
(w/w), of the polymerizable composition.

[00125] As described above, the silicone-free monomers also can comprise a hydrophilic

vinyl-containing monomer. Hydrophilic vinyl-containing monomers that may be incorporated
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di scussed herein, "conpatible" conponents refers to conponents which, when
present in a polynerizable conposition prior to polynerization, forma

si ngl e phaeeaotinarsos stable for a duration of tine adegeatrastaoakdsosy

manuf acture of a polynerized | ens body fromthe conposition. For sone

conponents, r.an f concentrat.i on f.ou to . he conpati bl e.

Adar angnGe iy RendS S 46 mreetichnssbbte BR RGtH e TR TRk -yl

pol yrmeri zed to form a polynerized | ens bod produce a | ens that has

adeq lﬁf@llﬁ@%m\éﬁ’))cma’ﬁ%)dt%m%lﬁl @getalaldse(\@ééb Nyinyl-dopthakacetagyde, N viyl-
adequat e transparency, nodulus, tensile strength, etc.)[00111]

Si | i dbathyt dotraamideg N-oimybnferhamiflee NoR2-lgdbxatthalk ve/1 Gapbarhaten N-Girbéxyplbr t i on)
of the silicone-containing conponent can be present in the

si | i Gofene QL RlyD d36r.CORROSERIpIE el ARPWIhtaifRtBéndridNis2 8 iaI-MImethoIr
exanpl e greater than 30% (ww), of the total nolecular weight of the

sili - ¢ LN n f ' I nept
comprr gty DA CSh SERARET b VIR BBl AR T ERTOR AT PRI e o
acrylanidf, met hacr ﬁanide, Nvinyl | actam .N-vinyl am de, and.ﬁtgé%l

F unctShemale. Jrdahl vinkEraine ) anogE gt b theinelRaizabls sameasiien (o ped
herein can be based on a silicone-containing nononer and a hydrophilic
nmonoragoudt rangingoiiomeabout 9ot dibpiiod)% cﬂ“P(\M)eot“si%bimbﬁ@ertzehheeqommg}U@@ vgeslited s
represented by fornmula (1) described herein, exanples of other

si | i quegre drtsilicona Gydogploernpedudtaindiay Heepreseef inl an amdune rprghpefiomlabosies can
be found in U S. Pat. Nos. 3,808,178, 4,120,570, 4,136,250, 4,139, 513,

i e AT SR S el Tt

2007/ p%?}%ge?'ilzﬁbél conﬂﬂﬂition. Other silicone-free lens-forming hydrophilic monomers known in
the art also may be suitable.
[00126] Crosslinking agents for the silicone hydrogels include the above-indicated
crosslinking agents. Examples of acrylate-functionalized ethylene oxide oligomers for use in
crosslinking agents can include oligo-ethylene oxide dimethacrylate. The crosslinking agent can
be TEGDMA, TEGDVE, EGDMA, TMGDMA, or any combinations thereof. Typically, the
crosslinking agents are present in the polymerizable silicone hydrogel composition in relatively
small total amounts in the polymerizable composition, such as in an amount ranging from about
0.1% (w/w) to about 10% (w/w), or from about 0.5% (w/w) to about 5% (w/w), or from about
0.75% (w/w) to about 1.5% (w/w), by weight of the polymerizable composition.
[00127] Silicone-Free Hydrogel Lens Formulations. Hydrophilic silicone-free monomers
can be used without, or essentially without, the co-presence of silicone-containing monomers in

polymerizable compositions used to prepare contact lenses of the present invention. A silicone-

free hydrogel comprises a silicone-free monomer or monomers that are compatible with the
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2008/ 0048350 Al, all of which are incorporated in their entireties herein
by reference. The silicone-containing conponent can be a

si | i cone-wonvai/a37s¥g nonomer or macroner. [00112] A sil i eomarscanotadsné ng
nononer, macronmer or prepolymer can have, for exanple, the follow ng

oene RIS e SR e S omsarin Bl PR EGA. 5, 3 *

d| vaI ent |inkin roup Whl ch corrprl ses from1l to 20 carbon atons, or from2
to 16hepe! b'@fdr@tagwglo | qiatdeast ke lenssyriasst i onal |y conprise ether and/ or

hydr oxyl groups, for exanple, a polyethylene glycol chain, p can be froml
to 1Q00X28]f r o2 dibcdme-fRje IRﬂymanilzth?,cmapnshia)mtml SEMEXieY fati ¢fappdnmytonznet ar e
groups i ndependently sel ected from hydrocarbon groups having 1 to about 12

car bgRordt §ilBordcCfréh moRInkid, WroeRfple NYEIOSAKIP NaliyDHBS1ateDaAd tusitedofMal h one
or nore fluorine atons, a S|onanyl group, and sil oxane chai n-contai ni ng

moi € ok -bake 'f%ﬂﬁ H&%
oi | omiaerf o %@ﬂ‘:i‘?‘%ﬁﬁe’ﬁ%  angdproQRR SOHPHERES tBieg OARURIR o,
conpri se 3 and/ or, R53R R52, R53 R5
 ndeERASRL ISt ] anmEppPle %ﬁ*ﬁ@?ﬂ%h éﬁoxz? § oo B @W&ne “chai n
conprising from1l to about 100, or from about to about 50, or from about
1to ra@bmrylgmloxy@bﬁamow@msﬂclwlmn|(MPC){ wleilxs]ler@éycqlmnetbacrﬁlme (EMAM R
R2, and R3 can al so conprise other siloxanyl groups or sil oxane
chai reat oet asedi imgcombiatties. HEMAC onbihee thyllroxkaliyel Gflkyl)éctylate wlanrbke psedsant i n
a silicone-containing monomer, macroner or prepolymer of structure (I1),
can GaYuRts"frSH@beht 300 @w/w) to about 90% (w/w), or about 65% (w/w) to about 80% (w/w),
or about 70% (w/w) to about 80% (w/w), of the polymerizable composition. MPC or other
methacrylate phosphorylcholine-monomers, HEMA, as well as other silicone-free monomers,
can be used in amounts from about 3% (w/w) to about 20% (w/w), or about 6% (W/w) to about
18% (w/w), or about 9% (w/w) to about 15% (w/w) of the composition. A crosslinking agent,
such as those indicated herein, can be present in an amount ranging from about 0.1% (w/w) to
about 5% (w/w), or from about 0.3% (w/w) to about 2.5% (w/w), or from about 0.5% (w/w) to
about 1% (w/w), of the polymerizable composition.
[00129] Additional Hydrogel Components. The silicone hydrogel and silicone-free
hydrogel lens polymerizable compositions described herein can also include additional
components, €.g., one or more initiators, such as one or more thermal initiators, one or more
ultraviolet (UV) initiators, visible light initiators, combinations thereof, and the like, one or
more UV absorber agents or compounds, or UV radiation or energy absorber, tinting agent,

pigments, release agents, antimicrobial compounds, and/or other additives. The term "additive"

in the context of the present application refers to a compound or any chemical agent provided in
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heteroatons that are either O or N The conbined |inkage can be straight
chain or branched, where carbon chain segnents thereof can be straight
chai n. Thwocomin3mad | i nkage of -X-L- can optionally contairnuseene/ 0esIsror e
functional groups selected from e.g. , car boxyl, am de, carbamate, and

carb a a onblne ded. for le, in
02 s RS PR S RRE L BRESRE SRS e R e

2007/006670 2007/ 0296914 Al 8/ 0048350, a t he di scl osures of

whi cmoaﬂa@mﬁ%@%gﬂw@aﬁﬁféﬁ%ﬁ PrOgYCts, ga%wil S DHRECEISARY ﬁgleda?ﬂué?%‘ilfﬁg’%

mononer, macromer or prepolyner of the present invention can conprise a

si nghgdrmgeldontact gnoup, such as shown in structure (11), or optionally can

possess two acryl oyl groups, such as one at each term nus of the nononer.

Conbijec30pns  dhe polyindrizable mpobigiond hag @bapeignbad B AYre HiRacesdmpouats,.onal |y
can be used in polynerizable conpositions of the pr esent |nvent|on [00114]

h l O T 1 l 4) (8} a. ( l l )
t;eﬁe?r?u ??f%“ﬁﬁﬁ?ﬁﬂfmt“gg‘éﬁ?pb gfogkﬁoiot i) lﬁgﬁsﬂf’ﬁ‘iﬂﬁ ???ﬁméut 300
0O a

B Rl e PEGARS: b 1 e ?8%05%&9?@ wE BHL B G of Mo e

¢SSP BT R el FELIOYERVIDY Bt PP DGR ANE LD RaRy) S arention

pent anet hyl di si | oxanyl nethyl net hacryl ate, and

met hyd @i2(-azabimishiputgiontxie) ATABD M P XY ABORb4 pobsesses o KIOR-bE] teSpecitdre cof

exanpl es of the silicone-containing conponents can be, for exanple, 3-
about 62° C., which is the temperature at which the reactive components in the polymerizable
composition will begin to polymerize. Another thermal initiator is 2,2'-azobis(2,4-
dimethylpentanenitrile) (VAZO®-52), that possesses a kick-off temperature of about 50° C. Yet
another thermal initiator for use in the compositions of the invention is azo-bis-isobutyronitrile
(VAZO®-88), which has a kick-off temperature of about 90° C. All of the VAZO thermal
initiators described herein are available from DuPont (Wilmington, Del., USA). Additional
thermal initiators include nitrites such as 1,1'-azobis(cyclohexanecarbonitrile) and 2,2'-azobis(2-
methylpropionitrile), as well as other types of initiators such as those available from Sigma
Aldrich. Ophthalmically compatible silicone or silicone-free hydrogel contact lenses can be
obtained from polymerizable compositions that comprise from about 0.05% (w/w) to about 0.8%
(w/w), or from about 0.1% (w/w) to about 0.6% (w/w), of VAZO®-64 or other thermal initiator.
[00131] A UV absorber may be, e.g., a strong UV absorber that exhibits relatively high
absorption values in the UV-A range of about 320-380 nanometers, but is relatively transparent

above about 380 nm. Examples include photopolymerizable hydroxybenzophenones and

photopolymerizable benzotriazoles, such as 2-hydroxy-4-acryloyloxyethoxy benzophenone,
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[tris(trinmethylsilyloxy)silyl]propyl nethacrylate ("Tris" available from
available from CGelest, Mrrisville, PA USA), and nononet hacryl oxypr opyl

t er m nat esopolydrsyet hyl si | oxane (avail abl e from Gel est, pitpruseaviokdseq PA,
USA). These silicone- containing conponent s can have an al kyl ene group as a

V2 ISR MRS £ Rorn (TR Fon B RBE WEE St ghence

to structure rou

silicone conta ni hg conponents re desi ated hereln a ructure cl ass
oi || COMITORHTaRni R B gaRe s S X OREPARYPREPERSHE: | A sﬂvﬁ*atepeﬂefagﬂ% D¢ Foos
silicone- contalnlng conponents are shown as foll ows: TI|S ; andSilicone C

[ 0011tnzgiriaeeles seminfcraaldy avapbls a9 NORBL.QORI%6 ritamn horagnaeve Athreant SAcHRAbe,
for exanple, 3- methacryl oxy-2-hydroxypropyl oxy) propyl bi s(trinmethylsil oxy)

met hyOttiel phetofolineivkible BWaabsatbess suitaie Gl 88tin tHetinvémsivh lihctudeRAdlyrhisfgabrnd
nethyldi(trinethylsiony)sylylpropylglycerolethyl met hacryl ate ("Si GEMA").

Theseetﬁ%rl'ehfcé’l'l‘;eﬁﬁéyuﬂ-hﬂéﬂ Qﬂaﬁﬁ’&f’%f’c& val af 's‘fksuﬂﬁed §cﬂ'§fate‘§n§nchﬁﬁ)[tﬁf&¥|th&5@f'~'p and

| east one ‘ether group in inking group L s in structure

(11) oy AR LRSS QA RSB e HEEFeP LSRAT AR B SomErn

conponents, Addltlonal details_on this class of S|I|cone containin
conpotréntight PepeBlcfehe mobrmesizahls) eompasitignsto pheut K. Waighgerpent Ogﬁh%h is
incorporated in its entirety herein by reference.
composition. For example, compositions can include from about 0.6% (w/w) to about 1.0%
(w/w) of one or more UV absorbers.
[00132] The polymerizable compositions of the invention may also include a tinting agent,
although both tinted and clear lens products are contemplated. In one example, the tinting agent
is a reactive dye or pigment effective to provide color to the resulting lens product. Tinting
agents can include, for example, VAT Blue 6 (7,16-Dichloro-6,15-dihydroanthrazine-5,9,14,18-
tetrone), 1-Amino-4-[3-(beta-sulfatoethylsufonyl)anilio]-2-anthraquinonesulfonic acid (C. L
Reactive Blue 19, RB-19), a copolymer of Reactive Blue 19 and hydroxyethylmethacrylate (RB-
19 HEMA) 1,4-bis[4-[(2-methacryl-oxyethyl)phenylamino] anthraquinone (Reactive Blue 246,
RB-246, available from Arran Chemical Company, Athlone, Ireland), 1,4-Bis[(2-
hydroxyethyl)amino]-9,10-anthracenedione bis(2-propenoic)ester (RB-247). Other exemplary
tinting agents are disclosed for example, in U.S. Patent Application Publication No.
2008/0048350, the disclosure of which is incorporated herein by reference. Other suitable tinting
agents for use in the present invention are phthalocyanine pigments such as phthalocyanine blue

and phthalocyanine green, chromic-alumina-cobaltous oxide, chromium oxides, and various iron

oxides for red, yellow, brown and black colors. Opaquing agents such as titanium dioxide may
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Si GVA, for exanple, can be represented by the follow ng exenpl ary
non-limting structure: Si GVA [00118] Silicone-containing conponents of
Struct ur es0(2M1/8m93(B) can be used individually or in amrgTasaiionadspeONSs
thereof in polynerizable conpositions of the present invention. ] |
S|I| e o Q S ctu r a use
in c%%gl ﬁ‘g? #gdﬁ'ﬁ %Q@ﬁ (%rp &gs oﬁglcgﬁ#bonyenqgt}l ltcaég\)oﬁacg?(%%hl %’ﬁzzbenélﬁglngé& fs%Lch as
describ erein. 1f used in conpination, for exanple, the a
sili mﬁoyeanmf% %HWB??@r@e%Ft 8 40 APQHTs r‘(‘%)‘n%:%ﬂmb@é’ou'r B /%Q?;Pﬁlt% ab?‘%tom
about 10% (ww) to about 4096(m/mg or fromabout 15% (ww) to about 35%
(Wi W)L 3%/ crmakpas e (85%)(tobut 1 8%elydw, B@betWl AW/ Witie aboud 8% (Vo).
si licone-contai ning conponents of Structure (B) can be, for exanple, from
about00i133§ ( W Vihe tpolyahsairabléd XUmpokivibns Of the iavenabe wiayldSe (ompyisetaodéhslding4 0%
(Www, or fromabout 20% (W w) to about 35% (w w). [00119] O her
ST GRNGE ALY did &%&%@&;ﬁmﬂis%?fe RS If'ggmof:eofacff %RJV%% of%th &lire

suitabl'e types can i ncl ude exanp e po rganosi [ oxane pre poFyner

I
e TP B PO RO R i gea <

il oxane). O her. useful _ si I i cone cont ai_ni ng conponents i ncl ude
SI | i 88 éké’geﬂﬁapmdﬁ@ vindy combingtionst dhejeolyi Ahs Pl BSHERDE neHRRASHIONE nEAYdi ng,
wi thout limtation,
|, 3- Bilditiangllyi enpprispondiduent pelostgd wrm kheygitip teoasisingysfi lkxannlantaosyethanol,
(vinyl oxycarbonyl thi o) propyl -[tris(trinmethylsiloxysilane],
3- [ t isoptdpanhatetIRn),S ptop¥ydls ideddnp P aad Wondidayibn€ aliddestaDRIuents, if employed, are
3-[tris(trimethylsiloxy)silyl]propyl vinyl carbamate; trimnet hyl si |yl et hyl

Vi Ny bGREM9NRER Nt a%&mmh%&ag%dny LG 6% M/ ko 80U 308 GvmT b &R one

or nore of these siliconec al ni ng

having relatively higher concentrations of diluents tend to, but do not necessarily, have lower
ionoflux values, reduced modulus, and increased elongation, as well as WBUTs greater than 20
seconds. Additional materials suitable for use in making hydrogel contact lenses are described in
U.S. Pat. No. 6,867,245, which are incorporated herein by reference. In certain embodiments
however, the polymerizable composition is diluent-free.

[00134] Preparation Methods for Lenses. Various processes are known for curing a
polymerizable composition in the production of contact lenses, including spincasting and static
casting. Spincasting methods involve charging the monomer mixture to a mold, and spinning the
mold in a controlled manner while exposing the monomer mixture to UV light. Static casting
methods involve charging the monomer mixture between two mold sections, one mold section
shaped to form the anterior lens surface and the other mold section shaped to form the posterior
lens surface, and curing the monomer mixture by exposure to UV light, heat, visible light, or

other radiation. Additional details and methods for forming contact lenses can be found, for
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conponents can be provided, for exanple, in U S Pat. No. 5,998,498 and
U S. Pat. Application Publication Nos. 2007/0066706 A, 2007/0296914 Al
and 2008/w048R%037s%l | the disclosures of which are i ncorporst@domspei n by
reference. [00120] Silicone-Free Mononers. Hydrophilic silicone-free

or coaRenEBniadeS) ERERL AbefidiaR bR RS. SRTRERE LAl BRI Frd. "

conpounds that contain one or nore silicon atons. Hydrophilic silicone-free
nonorfBicdoseEgrisachebyhich icigaerpamisddisrein bh refprenesone- cont ai ni ng mononers in

t he pol yneri zabl e conpositions to formsilicone hydrogels. Hydrophilic

si | i JOOBS r ee Aferauwsing theawadtienusiatire, theesidiingpolymenistseparated frozi theauold- f r ee
nmononers, including silicone-free hydrophilic nonomers and silicone-free

hydr qakelic GitoRRES R ih Btatit) Casp eloldiRg,| the bl @ noiipRfibbisRs fitsd sépakated before
silicon-free hydrogels. In silicone hydrogels, hydrophilic silicone-free

mnolﬁﬁgw\%ﬁgf}%}&%@&glﬁ(ﬂ&se that are capable of providing at |east

abou even at | east about 25% (ww) water content to the
resul ti hydr.at ed | ens en co%e i t.h .the ot her pol rizZJe
comdtbEfin” cosahutfa poliRek b 1G g ogHl Ssoistt o SR EnhFEditsedee
nononers can be from about 25% (w to about 75% (ww), or from about 35%
(W wyunreacted empesents.ivieyodusts, andothe dtseuanddodiratouthe) palpmebieuorradbe hygragel. of
t he pol yneri zabl e conposition. [00121] Mononers that may be included as the
Si | i domeesfmade usingothe peesént pobahdrizatpo Serandatins de ast requiec @atagtien withlbkgantoubl e
bond and at | east one hydrophilic functional group. Exanples of
solvents, aqueous solutions containing organic solvents, or water prior to hydration and
packaging, although they can be extracted in this manner. The solvent may be water (or an
aqueous solution such as physiological saline or an aqueous solution of a surfactant), or,
depending on the solubility characteristics of the diluent and residual unpolymerized monomers,
the solvent initially used can be an organic liquid such as ethanol, methanol, isopropanol,
mixtures thereof, or the like, or a mixture of one or more organic liquids with water, followed by
extraction with pure water (or physiological saline or a surfactant solution) to produce the
silicone hydrogel comprising a polymer swollen with water. The extraction process, the
hydration process, or both the extraction and hydration processes can be carried out using a
heated liquid, a pressurized liquid, or a liquid under a vacuum. The silicone hydrogels after
hydration can comprise 20% (w/w) to 80% (w/w) water, for example, 30% (w/w) to 70% (w/w)
water, or 40% (w/w) to 60% (w/w) water of the total weight of the hydrogel. The silicone-free

hydrogels after hydration can comprise 20% (w/w) to 80% (w/w) water, for example, 30% (w/w)

to 70% (w/w) water, or 40% (w/w) to 60% (w/w) water of the total weight of the hydrogel.
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pol ynmeri zabl e doubl e bonds include, for exanple, vinyl, acrylic,

nmet hacrylic, acrylam do, nethacrylamdo, fumaric, maleic, styryl,

i sopr openybphemplige3O- vi nyl car bonat e, Ovi nyl car bamat e, alPCyltise)10/049596

O vinylacetyl and N-vinyl |actamand N-vinylam do double bonds. In one

exa drophil i none e vin I-co a|n|n n.a |c
cont I mondksPRar, FofRURPEDR, Combh Mt aThe oRanGS. oy HlaRee

hydr ophi | i ¢ mononers nay t hensel ves_be used as crosslinking agents. [00122]
Such RYYReFble compositionn may theepokyneined alongyorisepelymerized With othes @acnemers,
crosslinking agents. Considered as a subset of acryloyl noieties as
describlgedt adyonast lean niagaerall i ct ype" or "acrylic-containing" or

acryl ate-cont ai ni ng nononmer is a nononmer containing the acrylic group

(CR HeORSPX) Waekgén] RrintilddoR folkhtadr 1éns thteddlk Ybscri®bd Gafehoamd based@nXa is O
or N, which are also known to polynerize readily. [00123] For silicone

hydr ogel Se hk@%gg’yfgﬁ%gﬁ&d ﬁﬁ?x;eln'ﬁ%ﬁ’lsflree conponent can conprise nonsilicon

cont al ni ng conpone conprising an acrylic nmonomer (e.g., a
nmononer with a vinyl group at the ? % rhon position and a carboxyllc acid
term nus, a nononmer with a vinyl g ) 3 t he a-carbon position and an
am de termnus, etc ) and hvdronhl lic vinyl- (‘ontal ning (CH?=CH ) nononer

(i.e.,| a nononer 3 yjdrg ) atiopart of an acrylic
group)l. [00124] IIIustratlve acryllc nnnoners |nclude

N, N- di n@drhydreat y| am de ( DM)Exagwplddydr oxyet hyl acwdwi%, gl ycer ol
nmet hagryl ate, 2-hydroxyet hyl nethacryl ate (HEM),
(a) First Monomer, (Structure (B)) 10% - 45%
Macromer or Prepolymer
(i.e., silicone-containing)
(used alone or in
combination with (b))

(b) Second Monomer, (Structure (A)) 10% - 40%
Macromer or Prepolymer
(i.e., silicone containing)
(used alone or in
combination with (a))

(c) Silicone-free Monomer (See Table II) 30% - 90%
(i.e., hydrophilic)

(d) Cross-linking Agent (See Table III) 0% - 10%
(e) Polymerization Initiator | (See Table IV) 0% - 5%
(f)Ophthamically acceptable | (See Table V) 0.1% - 10%
acid
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met hacrylic acid, acrylic acid, nethylnethacrylate (M),

nmet hyl
the to

et her
t alwaaenyldsesssononmer cont ent

nmet hacryl ate (EGI\/A) and
is

any m xtures thereof.
in an anount rangi RGTUSCONAFIE

et hyl ene gl ycol
I n one exanpl e,

5%

(ww to about 50% (w w) of the polynerizable conposition used to prepare a

silico

fromabout 10% (ww to about 40% (w w),
30% (W w) ,

the si
nonone

ne hydrogel |ens product, and c

of the polynerizabl e conpo
| i cone-free nononers al so ca
r. Hydrophilic vinyl

an be present in an anount

sition.

t he mH
(e.qg.

terials of the presentSilieor®effed Geimodemetse f ol | owi ng: N-vi nyl

N-vi nyl pyrrolidone (NVP)), NV

i nyl - N-net hyl acetam de (VMA),

N- Vi ny
N- 2- hy

NGtk AEPRAMATE, N VinyT

droxyethy V|nyI carbamate, N-c

qyypal> Tormam de, N-vi nyl
ar boxy b- aI ani ne N-vi nyI

for mam
ester|

rangi ng
or from about 15% (ww) to about
[ 00125] As descri bed above,
bHEpt i se a hydrophilic vinyl
-containing nononers that may be incorporatedinto
act anms

- cont ai ni ng

exanpl
The st

pol yng

IIL d.l III Iy T1oTtolred
corresponds to C

‘1\48%?@6%?3 Ve

Vi Fwﬁ§#§FW§“¢¢on1about 09

ri zabl e conposition used to pre

)

ot‘éMébout 50%(w/w) of the

,,\II Ilyl = I\l' et llyl acet d.lll UU

N(CH 3)-CH=CH 2. In one e

| ens

pare the silicone hydrogel

pr odug
about

tethyderet glpeol beetipd ethenmethacatatano
45% (W w), or from about 28% (w

URGMaTgi ng from about 20% (w w

w) to about 40% (w w), of the

pol yng
nonong

th&tBEpdl ETRASAd LR3I mgHa@Fyla"@é K

rs known in the art also may be

CMpEGMEL’ T ens-Torm ng hydroph
sui t abl e.

TABLE 111

Crosslinkers
triethyleneglycol dimethacrylate “TEGDMA”
ethyleneglycol dimethacrylate “EGDMA”
triallyl isocyanurate “TAIC”
trimethylene glycol dimethacrylate “TMGDMA”
triethylene glycol divinyl ether “TEGDVE”
vinyl methacrylate “VM”
pentaerythritol triacrylate “PTA”
trimethylolpropane trimethacrylate “TPTMA”
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[ 00126] Crosslinking agents for the silicone hydrogels include the
above-indi cated crosslinking agents. Exanples of acrylate-functionalized

et hyl ene wwi2da/Brsosgoners for use in crosslinking agentsPpPcanstoolowsses

ol i go- et hyl ene oxi de di net hacryl ate. The crosslinking agent can be TEGDVA,
TEGDVE, ECDVA, TMGDMA, or any conbi nations thereof. Typically, the
crosslinking agents are present in the polynerizable silicone hydrogel
conposition in relatively snmall total amunts in the polynerizable
conposition, such as in an amount TPdHgi By from about 0 .1% (ww) to about
10% (W w), or fromabout 0.5% (ww) to about 5% (wWw, or from about 0.75%
(Ww) [to about 1.5% (w w), byPaleinghzatioh Inihetopol yneri zabl e conposi tiop.
[00127] Silicone-Free Hydrogel Lens Formul ations. Hydrophilic silicope-free
NDNOMEr S CARLRE, mﬁgetﬁylbaggﬁemtg[e)essem\_mzby52mthout_, the co-presence of
silicané- contalnlng nononers in pol ynerlzable conp05|t|ons used to prepare
cont agtstens esent i nventi 73 |,,| conefTee hydroget compri ses
a sili 020% ﬁg&f%%grpgﬁpa&e ml nmer s thaY %pe conpatible with
theophl_ha_l_m_g_aJ_l_y_a_g_g_e_pLabLe_a_@rL_d_aq ot her hyrlr nnhl lic monomers—and t he
crosslinking agent, and the pol yhydric al cohol on at | east the |ens
surface. [00128] The silicone-free polynerizable conposition can conprise,
for exanple, one or nore silicone-FTABEEfNnoners, for exanpl e hydroxyal kyl
(al kyl')acryl ate, and units of a nethacryl ate phosphoryl chol i ne- nononer, and

a crosslinking agent. HEMA-(hasieshitayAERblaBRSAGAN be used. In an exahple
formuljati on, hydroxyethyl net acryl ate (HEMA), 2- nethacryl oyl oxyet hyl

phospru4-¥/flnylp(ﬁenyi%o¥o¥n\’édldd”u ethytene g\i,ly]g,ui dimethacrytate (ECDVA)

[00139] Copolymers can be prepared by combining one or more silicone containing
monomers, macromers or prepolymers, for example first and second silicone-containing
monomers, such as combining Structure (A) and (B) monomers, with one or more silicone-free
co-monomers, such as those described in Table II and a cross-linking agent, such as those
described in Table III. The ophthamically acceptable acid of Table V and a polymerization
initiator, such as those described in Table IV, is added to the mixture.

[00140] The copolymers are prepared in the form of contact lenses using suitable lens
molds, or in the form of films made between Teflon-lined glass slides, by first combining the
components listed in Table I. The monomer mixtures are dispensed into molds or the slide
cavities and then the initiator is “kicked-off”, for example, by heating to the appropriate kick-off
temperature. After completion of molding, the molds are opened, and the lenses are separated
from the molds. The lenses are then contacted with a polyhydric alcohol solution. The lenses can

be hydrated in an aqueous solution prior to treatment with the polyhydric alcohol solution.
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can be used in conbination. HEMA or other hydroxyal kyl (al kyl)acrylate can
be used in amounts from about 50% (ww) to about 90% (W w), or about 65%
(W w) to wbaot/ B (W w), or about 70% (W w) to about 8@ea(Us2ep/0493b6t he
pol yneri zabl e conpositi on MPC or ot her net hacr ylate

phos ol i ne rmno as well a her I pe-fre pITers,
Can RONabai e T ear B ahirdietin Bty BFsthigth obs FRg e DR 5o
(Www t bout 18% ( or about 9% (w w) to about 5% (W of the
corrp&é@?lpgﬁn %&ueqessgmtwva. HPnaRyapRIC SQlYEM. Q51 HbIWEPRYFUUUAHOMWAET RTIOLHN be
present in an anmount ranging fromabout 0.1% (ww to about 5% (ww), or

f r omhyidoation0ln38he(methpd.ttbe demsestcal .bsHufostaxgd inoan dquenusasdutionGof3he pohyhb)drtCo
about 1% (ww), of the polynerizable conposition. [00129] Additional

Hy dr agedhoaimdothentcan bEhgackadeldcianististersliop Giiktenpaclks] bichoneblisies Wingr oPBS | ens
pol yner i zabl e conposi tions described herein can al so include additional
CONPQRRRiS; € 9., one or nore initiators, such as one or nore thernal
initiators, one or nore ultraviolet (UV) initiators, visi bIe | i ght

initi |nat s t.here and the |ike r U\V..absof ber
agent@bﬁ‘{ﬁconvgb H’[‘R}att‘%?"art fh(S’nC(HtIa grt%‘i‘sg?iaéeﬁ gqr B@ﬁe If At FIHEJOIE

pi gnents, rel ease agents antim crobial conpounds, and/or other addi t| ves
The thyidmgehframulagien 15 givermia abla ¥kt of the present application refers to a
conpound or any chem cal agent provided inthe present polynerizable

hydr ogel contact |ens pol yneri zablTARIdifWdsi ti ons or pre-extracted

pol yneri zed hydrogel contact |ens products, but which is not necessary for

the mgnuf act ure ofSiRcddFRAINdr&@N TG ac [8S Material Formulation

Component wt/wt %
(a) First Silicone-free Co- HEMA 50% - 90%
monomer

(i.e., hydrophilic)

(b) Optional Second (See Table II) 3% -20%

Silicone-free Co-monomer
(i.e., hydrophilic)

(c) Cross-linking Agent (See Table III) 0% - 10%
(d) Polymerization Initiator | (See Table IV) 0% - 5%
(e)Ophthamically acceptable | (See Table V) 0.1% - 10%
acid
(HTinting agent VAT Blue 6 0% - 15%
[00142] Contact lenses made with the present formulations can have enhanced wettability

as shown, for example, by various properties thereof such as, for example, contact angle, water

break up time (WBUT), take up of wetting solution, and others.
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[ 00130] The pol ynerizabl e conpositions may conprise one or nore initiator
conpounds, i.e., a conpound capable of initiating polynerization of a

pol yneri awbl2e110ongesi tion. Thernmal initiators, i.e., inPCTASeNs/0EHYé Ng a
"ki ck-off tenperature, can be used. For instance one exenplary therma

t | t
| nverf? BRITCPFHREA b IS IRIRR, PAle! RS SPE of FTRES) lé'%%%?ﬂ H§ an
k-of f. t of abouyt rature
B SR rOaE A E SRs R L€ o lﬁﬁéﬁﬂb%n@f lesBi3r8 Tebipose hB oy
begln to polynerize. Another thermal initiator is 2,2'-azobis(2,4-
di metlasP thane®n dietadyansjng contact ayelsof the denstsupfacesiergins less thankabert 100 afer at ur e
of about 50 C. Yet another thermal initiator for use in the conpositions of

t he iaboensixdours azdtebiaboutsbhbdymsooi titérl £bol/AZ Wotys; &8)storude ha Ipaskaging
ki ck-of f tenperature of about 90 C Al of the VAZO thermal initiators

describohfidn TRiceI™ RHA (ﬁ‘ﬁ@lﬂh?@ﬂl@aﬁémvmiﬂpﬁta ﬁd@dl@lﬂgﬁﬂ@ast B&JendantBroxyl

Addltlonal thermal initiators include nitrites such

, rban n ZObIS(
rret hﬁqproblﬁ%ﬁﬁ\éﬁ% *gwggﬁ ‘Qﬁ Attléas ﬁ%en% ?th dmxg?gmuﬁ lators such as those
I fro m cal | t|bIe siljcone or
1 dBRLE ! co tydPanurEohy s&watpﬁwgégu&awe GEID Letesentarban é RISzl o
conpositions that conprise fromabout 0.05% (ww to about 0.8% (wWw, or
f r omahiegst 1 seeondsvent 1east Khwaends, @9at (sestd0 seondyAZO(r ) - 64 or ot her t her nal

initiator. [00131] A UV absorber nay be, e.g., a strong UV absorber that
exhi HDOB45] el atThedkys dirfabe alis@aiptdioon H@\Palneiﬁgicﬁnfﬁaﬂaan@é-ﬁ lenBa pd0°ahe e

320- 380 nanoneters, but is relatively transparent
water break up time of greater than five seconds following in vitro testing for duration of at least
6 hours, or at least 12 hours, or at least 24 hours, or at least 48 hours.
[00146] At least 30%, or at least 45%, or at least 60%, of the at least one form of polyhydric
alcohol that is initially present onto the lens surface remains in place after at least 6 hours, or at
least 12 hours, or least 24 hours, or at least 48 hours, of in vitro testing, and after at least 6 hours,
or at least 12 hours, of in vivo testing.
[00147) At least 50%, or least 60%, or at least 70%, or at least 80% (e.g., 50% to 99.9%,
60% to 95%, 70% to 90%, 75% to 95%, 80% to 99%, 85% to 99%) by weight of the
ophthalmically acceptable acid originally present in the polymerizable composition remains
present in the lens body and/or on the lens surface after about six hours, or after 12 hours, or
after 24 hours, or after 48 hours, based on in vitro testing.
[00148) Contact lens package. A contact lens package is provided comprising the contact

lens body, such as described above, and a packaging solution comprising another polyhydric

alcohol, such as a polyhydric alcohol with at least five pendant hydroxyl groups. When a
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above about 380 nm Exanpl es include photopol yneri zabl e

hydr oxybenzophenones and phot opol yneri zabl e benzotri azol es, such as

2- hydr oxyw@é-2arwosiissgl oxyet hoxy benzophenone, commer ci al | y pavaisk@ibologssas
CYASORB UV416 from Cytec Industries, West Paterson, NJ, USA, 2-hydroxy-4-(2

hydr oxy-, 3-.met | yl ox r gpoxybenzophenone, an t opol rizabl e

bonz GUITHISHE AlLoREbmRIReILP ety FABRE ' Prerenars PiwraRe TRuinser aiito,

At hens, GA, USA. O her photopol ynerizabl e UV absorbers suitable for use in
the ithedenseomayedeeridonsl poretol skl & peekagingreosmnongnisndhe polthwdrie picehphes,
salicylates, aryl-substituted acrylates, and m xtures thereof. Cenerally

speakirogdedobvhahatacberf thd fenpbedentd thespabylodridedtohal afithampavkgiposalatigondi ng
to about 0.5 wei ght percent of the polynerizable conmposition to about 1.5

“Bighhnnﬁﬁﬁ@@&nQ%rHﬁ%ﬂ&ﬂ”@ﬁéhﬁhQ&nJFRm,Qﬁéﬁﬁbﬁﬂs%gﬁﬁg§!HkQﬁﬁwQﬁQhﬂH%hNde
fromabout 0.6% (ww to about 1.0% (wWw) of one or nore W absorbers.

{?gtlf’a%r ggen@%wﬁ?%@gﬁ% b i BP Bo ]Eeh d%gﬁlae()fdr eeger:em' ol t?tdrf%”al[{@}’olé'cﬁl? P GHde 2

contenpla ne ex the tinting agent |s a reactive dye

pi gnﬁ’?ﬁm@ gerina%/ quymscpla%hoéoib? PP&LY%C ekl P aseths nohdydee alophek | ng
agents can include, for exanple, VAT Blue 6

(7, 16vith @hlleasb-fe 18endity biydsest hgraupsaeat, 1@, presers-int the rmakaging solution at a

| - Ami no- 4-[ 3- (bet a- sul f at oet hyl suf onyl ) ani | i 0] - 2- ant hr aqui nonesul fonic acid

(C.  lconRamation,efoBexdngld, ofRB-1d43) about OWOOYy (Wiv).0dr fRaest hlysit Bl0UCo, 102 adMehst
hydr oxyet hyl net hacryl ate (RB- 19 HEMA)

i MRS L(@ T st possytolleruen ooyt e et e o v

1,4- I%W\Lfﬁ,%r at least about 2% (w/w), by weight (e.g., from about 0.001% to about 5%, the upper
limit being dictated by the viscosity of the solution).
[00149] With respect to the contact lens package, the package can further comprise a base
member with a cavity configured to hold the contact lens body and the packaging solution, and a
seal attached to the base member configured to maintain the contact lens and the packaging
solution in a sterile condition for a duration of time equivalent to a shelf life of the contact lens.
The contact lens body does not adhere to the base member or the seal, or the contact lens body
adheres less frequently to the base member or the seal as compared with a substantially identical
contact lens body without the polyhydric alcohol, for example a polyhydric alcohol with at least
five pendant hydroxyl groups present on the lens surface. The contact lens body does not adhere
to the base member or the seal, or the contact lens body adheres less frequently to the base

member or the seal as compared with a substantially identical contact lens body without the

polyhydric alcohol with at least five pendant hydroxyl groups present in the packaging solution.
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hydr oxyet hyl ) am no] - 9, 10- ant hr acenedi one bi s(2- propenoi c) ester (RB-247).

O her exenplary tinting agents are disclosed for exanple, in U S Patent
Appl i cat iwo 2Pulmi37s®at i on No. 2008/ 0048350, the di scl osur ecofUsesioosve

i ncorporated herein by reference. Other suitable tinting agents for use in
t he h i.ne I ne

bl e 1005 Wy na SRStfE (B GaBROPURTIARS S ﬁ? %&%Eag? %%&E‘Sds%?éb@&‘ R
oxi des, and various iron. oxides for red, k col ors.

O aqorg g e Gs peEviss st GHERP ke e SoBl 3“%6@569 ;dgt e
certain applications, a mxture of colors may be enmp | f enpl oyed,

tint im@dlﬁg&ﬂm serfaeebthe denssan beirecharged mgthna pQIahagirwgalchh@i/rwamgtalct)atla;/df(aail W to
about 15% (w w), or about 1% (ww to about 10% (w w), or about 4% (ww to
aboutth8%ensvsurface bPGeAdhg Bhémpreksyge (submbiging) ahf deaistbodgsinain dqueousnseduianon may
al so conprise a denolding aid, that is to say, one or nore conpounds

ef f eclohMRising E’%lﬂ@dﬁ@rzﬁcélﬁa@ &&hrﬂrﬁVﬁélyl%fdrfbhﬁc&iUl egitl Yntiagst fhvenp@flaht om
their nolds. Exenplary de di ng aids include hydrophilic silicones,

pol y f \

comﬁlﬁéxﬁ?émﬁé%z%ﬁm??@%a F‘%{Sﬁ%ﬁ’@m‘ ARBR, o1 PG R BB e can,

consi sti of hexanol, ethoxyetha i SO ol propanol,, decanol

and dSnBRSENLHS Tiharesdhe s %Fén?g%el leng A Sarh 5i 15 RGAIBrHas e i n

anmount's rangi ng fron1about 10% (W w) to about 30@6(m/mb Conposi tions

havi rphthalmicallehgeepiableevetieblesurfaeeat i ons of diluents tend to, but do not

necessarily, have | ower ionoflux val ues, reduced nodulus, and increased

el ondaoisn, asAy\q}réviasSIMBlﬂa'@sgrdeaheandthan exdmjsecondlse p%héht iioveationatler i al s

suitable for use in making hydrogel contact |enses are described in
ophthalmically acceptable acid comprises at least one polymerizable form of a boronic acid,

C

boronic ester, boronic anhydride, or combination thereof. In this example, the at least one
polymerizable form of a boronic acid, boronic ester, boronic anhydride, or combination thereof,
instead of or in addition to being distributed as a second polymer component in the reaction
product within the lens and at a lens surface thereof, is present as a polymerizable component of
the polymerizable composition, and, after polymerization, is present as polymerized units of the
copolymer of the polymerized reaction product.

[00152] In this example, the lens body that is the polymerized reaction product can have at
least one polyhydric alcohol present on at least one lens surface, i.e., the lens body can comprise
a complexed lens body. The at least one polyhydric alcohol present on at least one lens surface
can be present on both lens surfaces (i.e., present on both the anterior lens surface and the
posterior lens surface). In some examples, the at least one polyhydric alcohol may be present in
the bulk of the lens body as well as on a lens surface. The polyhydric alcohol of the present

example can comprise a polyhydric alcohol having at least one 1, 3 diol moiety (i.e., a
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U S. Pat. No. 6,867,245, which are incorporated herein by reference. In
certain enbodi nents however, the polynerizable conposition is diluent-free.
[00134] Rwepariais7sss Met hods for Lenses. Vari ous processe@esTarseoikness f or
curing a polynerizable conposition in the production of contact Ienses
|nclu nca nd static castin ncas ods jnvo

char BPY Byctrtfealﬁ%@ ? aibacklione {COMPTIFHE it q%ﬂ%ﬂ L Y feastd

control |l ed manner mhlle exposi ng the nonomer ntxture to UV | i ght. Statlc
cast farbometomesdborided dh \aeclelira rg) i rreght [serbon ratere rboniled tor @ chrtenearhon wtonaothel
sections, one nold section shaped to formthe anterior |lens surface and the

ot hetemn®! dhriscitb@rbondad sla l¢ft tabon biden, pARke lodé ah@ BalysdHefl lBdeoxygebupuiki Ng
t he nononer m xture by exposure to WV light, heat, visible light, or other

radi %ﬂ B-to 'ﬁ%léﬂt%@ﬁ%ndﬁ%ﬁ %ﬁ){cﬁ' IEE(;LF)I Cd%0f Bnd Qrtﬂﬁgg:eﬁ@f'hﬁ%tm E%%S%?Scan be

f ound, orexa catlon cation 296914
d 2008/ 8350 d I f t erein b
"ot Pt oy By drafy grouS et RIER cfont MoRD A BatPRALY BiRwdih ol oy

S separated fromthe nold. In some situations, such in static cast

mol drisgholtaidhe pessers|crampleransompaise pelyhydpa plsobel hsuimgras lepshanad i hgidlhe
polymer fromthe nold. [00136] The resulting polyner can al so be treated
wi t hmeigty| arelmvintgobotbnip\edid] hub it 3 (didl meietys, Iutheacngde edwyrothe rodyhydric
byproducts, and the like, and hydrate the polyner to formthe hydrogel.

Lenseggoliddea pslyRgdididcsic? higvihg ROledstRLE 22D iR P MR hidikiy,dR 136t a p&EBHT €
extraction with or gani c sol vent s, aqueous sol uti ons cont a| ni ng organi c

sol vent sy d361 af,eF dRi iniedie &é@:fl@fﬂ R ihydric alcohol complexed with at least a

portion of boronic acid moieties present in the copolymer of the lens body (e.g., boronic acid
moieties present on a lens surface, within the bulk of the lens body, or both). Additionally, in this
example, at least a portion of boronic acid moieties present in the copolymer of the lens body
(e.g., boronic acid moieties present on a lens surface, within the bulk of the lens body, or both)
may not be complexed with 1, 2 or 1, 3 moieties of a polyhydric alcohol, i.e., the lens body that
is the polymerized reaction product may be an uncomplexed lens body. In one particular
example of a method, the uncomplexed lens body can be contacted with a polyhydric alcohol
having 1, 2 diol or 1, 3 diol moieties, and at least a portion of boronic acid moieties present in the
copolymer of the lens body can complex with at least a portion of 1, 2 diol or 1, 3 diol moieties
of the polyhydric alcohol, forming a complexed lens body.

[00153] The example can include a method of manufacturing a hydrogel contact lens body.
The method of manufacturing a hydrogel contact lens body can comprise: (i) providing a
polymerizable composition, the polymerizable composition comprising (a) at least one

polymerizable form of a boronic acid, boronic ester, boronic anhydride, or combination thereof;
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packagi ng, although they can be extracted in this manner. The sol vent may
be water (or an aqueous solution such as physiological saline or an agueous
sol uti on wb 2a11903r9act ant ), or, dependi ng on the sol ubi | iPCy/Usb@omedses i sti cs
of the diluent and residual unpolynerized nononers, the sol vent initiaIIy

used n be an o nig...ligquid suc ol . methano v PLQP,

m Xt dﬁggt ?%étr )i %9% E'tlilg 'ﬁ?lkoénert)lan%%ﬁ)i GP% cﬂ‘e %rﬂ%SthmﬁDargglslgr g§n€2 ﬁasqui ds
with water, foll extraction with pure water physi ol ogi cal sali ne
or a r@@lfimadh%lﬁelywnmbl%ﬁym%%?rbmeort% legmmq,léﬁéseﬁé%w Byormpelymsiiziy o

pol ymer swollen with water. The extraction process, the hydration process,
or botdrtivheprestuatathti dm annehchyngleaed mydmgebécssebocbfaforbedcdr ai @gobymerusieng a
heated liquid, a pressurized liquid, or a liquid under a vacuum The

si | i copslyhied "c@lﬁﬁhﬁnglgb dﬂiiéd ahitPof ha it CARPGHeSEO1 A £ableMorth ARG bHo M)
water, for exanple, 30% (ww to 70% (ww water, or 40% (ww) to 60% (w w)

vt eraopf tbifiid Cha nghiny ghriddnsy ESRARh: T8 %5)%& n€d [hiREo M9

af t er rati on can conpri wat er , f or exanp% e, 30%
(o 3005 %ﬁ%re%r@oc?éﬁgg%%w %&Qyﬁw&? oLesp Sl kg ot whtre
nonomner s of th resent pol l53/mer| zabl e C(I)lrrp05| t{ ons nma esbe pol erEI’lI zeda al one
or cohompespplexed hydrpgdtlprs befynbasedrs advanging contagbpngle less dhan akaué 1241, .
[ 00138] A general formulation for contact | ens materi aI s described herein
?_rll_i Bl:LtEssdlhxliIuSJtBSa tisinl alwond .k gal iohoflurileas itlem alougi7xe6i inmm Tal.can oxFdLE
permeability of less than about 120 Barrers, and an equilibrium water content of at least about
30%.
[00154] The at least one polymerizable form of the boronic acid, boronic ester, boronic
anhydride or combination thereof can comprise a polymerizable form of boronic acid, a boronic
anhydride, or a combination of a boronic acid and a boronic anhydride. The at least one
polymerizable form of the boronic acid, boronic ester, boronic anhydride or combination thereof
comprises a boronic acid. The at least one polymerizable form of the boronic acid, boronic ester,
boronic anhydride or combination thereof can comprise a polymerizable form of a boronic acid.
The at least one polymerizable form of the boronic acid, boronic ester, boronic anhydride or
combination thereof can comprise a vinylphenyl boronic acid, for example, 2-vinylphenyl
boronic acid, 3-vinylphenyl boronic acid, 4-vinylphenyl boronic acid, or a combination thereof.

The at least one polymerizable form of the boronic acid, boronic ester, boronic anhydride or

combination thereof can comprise a polymerizable form of boronic acid having the structure:
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TABLE 111 TABLE |V TABLE V [00139] Copol yners can be prepared by conbining
one or nore silicone containing nononers, macroners or prepolyners, for
exanpl e fwobtiasdasssecond sil i cone-contai ni ng nonomer s, ®UTUSa®G0009F6 Ni Ng
Structure (A) and (B) nononers, with one or nore silicone-free co-nononers,
such as those described in Table Il and a cross-1|inking agent, such as
those described in Table Il1l. The ®phtham cally acceptable acid of Table V
and a polynerization initiator, suchlas those described in Table IV, is
added to the m xture. [00140] The Ceteyners are prepared in the form of
contact |enses using suitable |eng

ds, or in the formof filns nade
bet ween Tefl on-lined gl ass slides, irst conbining the conponents |isted
in Table |I. The nononmer mxtures a

fi spensed into nolds or the slide
cavities and then the initiator is

i cked-of f, for exanple, by heating to
the appropriate kick-off tenperatur After conpletion of nolding, the
nol ds are opened, and the | ensesH@ e s@darated fromthe nolds. The | enses
are then contacted with a pol yhydric al cohol solution. The | enses can be
hydrated in an aqueous solution prior to treatnment with the pol yhydric
al cohol solution.Optionally, the |Ienses can be extracted in an organic
sol vgpa1553uch @R, atf1e4st % PRI Enerdabiel R ! & Bt oRMic adif, BEARUSEGO bofohfen of
an organi c solvent, or in an aqueous solution or water prior to hydration.

In o 0 . e |.av i S i on .of, t he
pol y%@%ﬁé@aﬂ%oﬁbgﬁ 1 I_;aglﬁg @ﬁ%ﬁpc‘%ﬁ géjetpg%gﬁtagrgéh? r{)% @Plﬁés}%%{r}% or %ﬁﬁs@era p|§lac ks,
such c%rslcetl)lltrlatsl})ne rgmuzﬁ)lorllng 0.%%3'[%Sabout 10.0%, from about 0.5% to about 5.0%, for from about

1.0 to about 2.0%.

[00156] The at least one hydrophilic monomer of the polymerizable composition can
comprise a hydrophilic monomer having at least one vinyl moiety. The at least one hydrophilic
monomer of the polymerizable composition can comprise a plurality of hydrophilic monomers.
In one example, the plurality of hydrophilic monomers can comprise a first hydrophilic monomer
having at least one vinyl moiety, and a second hydrophilic monomer having at least one
methacrylate moiety.

[00157] The at least one crosslinking agent of the polymerizable can comprise a
crosslinking agent having at least one vinyl moiety. The at least one crosslinking agent of the
polymerizable composition can comprise a plurality of crosslinking agents. In one example, the
plurality of crosslinking agents can comprise a first crosslinking agent having at least one vinyl
moiety, and a second crosslinking agent having at least one methacrylate moiety.

[00158] The polymerizable composition can further comprise water. The water can be
present in the polymerizable composition in a molar ratio of one boronic acid moiety to 3 water

molecules. The water can be present in the polymerizable composition in an amount effective to
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solution. [00141] A general formulation for the contact |lens materials
based on a silicone-free hydrogel fornulation is given in Table VI. TABLE
VI [ 00142)0Contcso3l enses made with the present fornul aPcons2canidsay e
enhanced wettability as shown, for exanple, by various properties thereof
such as or exanpl e, contact | e,. water br.eak up tine (VB .t ake up of
wet ¢ IRGYsh it FRATR by SRHEREr S 0PaSre APRoREE s Mokt TatE okt AR o
surface of contact |enses can have an advanci ng contact angle of | ess than
100, mRpietiess 4sfaghamounty pf palss map already, beopreseat §1 ¢ampengss ob the rodymetizaRles o,
The advanci ng contact angle of the lens surface remains |ess than about 100
af t ercomipositios,i the hmonst, of adduifonealr watborgtjuizet! indbe polyoreriaghle compaonitiondi® drderr s, of
storage in a packaging solution free of a form of pol yhydric al cohol which

i s a fpethtal mélar Ratdt of B3SH bo ReRAREN by dbtensithed) FOXampld) GkiadiaNKlard Fischer
polyol with at |east 5 pendant hydroxyl groups. [00144] The |ens surface

has r e I . i egon r:-atn. east
10 s ARl Jheg | RabhlE] dhe kil BHERL Shinlel 0, G TR PR e e
| ens surface, can nai ntain an advanci contact angle of .l ess, than. 100. and
the RDERSTHAREICREPOSAD 611 B cSATSFTRchApOr e SRBBHTILOTRNS GRkchPSHesi 2 o
testing for duration of at least 6 hours, or at |least 12 hours, or at |east
24 hotipetureV:at | east 48 hours. [00146] At |east 30% or at |east 45% or
at least 60% of the at |east one form of polyhydric

Structure III

L J@)
7Y
[o] ~ /O

B

Structure IV

=

[00159] The polymerizable composition can further comprise at least one silicone-

containing monomer, macromer or prepolymer. In this example, the presence of a polymerizable
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al cohol that is initially present onto the |l ens surface remains in place
after at least 6 hours, or at least 12 hours, or |east 24 hours, or at

| east 48 wounsl/030893i n vitro testing, and after at | east PEThiS019/0493P6 at

| east 12 hours, of in vivo testing. [00147] At |east 50% or |east 60% or

at least 70%, or at |least. 80% (e.g., 50%to 99.9% 60%to 95% 70%tqa. 90%
7506 RGBT BRI (15 GRS GMPOSTIOD e sn P IR PredrIcs &
acceptabl e acid originally present in the polynerizable ¢onposition remains
pr es d9lymeyized amits pf tb%ég}lca%scwalawgt%@nowi 1% ey awlm%reﬂ-e-aﬁl@fufom?xen?four s,
or after 12 hours, or after 24 hours, or after 48 hours, based on in vitro
t est ifagher[d@@1p4i8¢s Wipmated writs of dlckadeast Ane sitit@ctcontmyng avhager.inagqemet ded
conprising the contact |ens body, such as described above, and a packagi ng

sol Utdr%e}_gc?ﬂiaélit, SinAGh@natoapleRed MWG%él%oﬁ{aQDMh boY Ganipsisés B ubutaipleted
W a

al cohol | east five pendant hydroxyl groups. Wen apol yhydric

ol utiss® BPERAon R e R B ThE I B Ecork A TR ABney Tl B R e,

conmponents. .The .Fol h%)dri.c al cohol provided on the surface of the |ens body
and t99B SRBPYRRAFIEONer COHOMNG MaCoeh QE REFPHE S0l uti on can be the same or

different. The different polyhydric alcohols can have the same or different
aver 486168 eculher siligdngtrostainipg MENOMEE, HNATOMPeoIPPAYEISE Cfb ey @t AYeragecohol s
can be, for exanple, fornms of polyvinyl alcohol. The pol yhydric al cohol,
such mesletdiar peigithygrhaiet thdncatiomk 1WI00MDdtonk egrebtef thae ghend2,500 atiovox ydgregeoups,
can be present in the packaging solution at a concentration, for exanple,

of atthheasdut st DQlt(QQ,]-%/PeﬁM Yan Houdl,006 TaltoAd Ybatd?- tRdPabdt 92000! BAEIns,
greater than about 10,000 Daltons, or greater than about 12,000 Daltons. The average molecular
weight can be a weight average molecular weight determined by nuclear magnetic resonance
(NMR).
[00161] The silicone-containing monomer, macromer or prepolymer can comprise a
silicone-containing monomer, macromer or prepolymer having ethylene oxide (EO) units present
in the backbone, the side chains, or both the backbone and the side chains of the monomer,
macromer or prepolymer. The silicone-containing monomer, macromer or prepolymer can
comprise at least about 10, at least about 15, at least about 20, at least about 25, at least about 30,
at least about 35, or at least about 40 ethylene oxide (EO) units.
[00162] The silicone-containing monomer, macromer or prepolymer can comprise a
silicone-containing monomer, macromer or prepolymer having at least about 10, at least about
50, at least about 80, at least about 90, or at least about 100 dimethyl siloxane (DMS) units
present in the backbone, the side chains, or both the backbone and the side chains of the

monomer, macromer or prepolymer.
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about 0.1% or at |east about 0.25% (ww), or at |east about 0.5% (wWw, or
at | east about 1% (ww), or at |east about 2% (ww), by weight (e.g., from
about 0. O80%iin3as¥eut 5% the upper limt being dictate#cChystoe/oviss€osity
of the solution). [00149] Wth respect to the contact |ens package, the

k f i i i £ hol d
PRC IR | IRGEhpESRIR b s PTR L B ,
L BeseMerber, cont our el TELTLELP (LRE Conact, Lens, pud the packzaing

shelf life of the contact |ens. The contact |ens body does not adhere to

t he Ishaas,msrhodh therbagkhons @ail theoside pleninsoefithe manemsr, maagyoraetsmeepalyser, the
frequently to the base nenber or the seal as conpared with a substantially
i dentsilizahe-conthiagdy t@ngounddyilMhiweontratidief pid yimiber 6f athgleheloxideoE®xatipl € a
pol yhydric al cohol with at |east five pendant hydroxyl groups present on

the |2agnSH th&mgnbetlE dmah@ﬁlo&mmﬁyuﬁe esB [AGRRRR ek&n{alla,ethg st srember

or the seal, or the contac ens body ‘adheres less frequently to the base

nmb h I .ed wit bstantial.ly.i tical t act
body 5 B ohERUSPS 5T BG bl R et dimbiny S e R B =
gr oups Qresent in the packaging sol ution, 00150% Rewet ti ng grecharging) t he
| ensdEO/IAMSeratig) e bey Eom ahoyt §<0da abputifhep. Heme ahoytd-otonabipyt §.-50s e frem™| s

ot herwi se used in a manner wherein the polyhydric alcohol is lost at the
nmodi fabed 0.Ent abanfGd®, the | ens can be recharged with a pol yhydric al coho
wetting aid at at |east the |lens surface by soaking or imersing

(subreem4ng) (e dilkddacRofiining eimEne @US cERpHEd Silic6RITAL h Silltgné@ corahintiedr i ¢
al cohol, such as a pol yhydric alcohol with at |east five pendant
component the same as, or similar in structure to, hydrophilic polysiloxane macromonomer A
described in Example 2 of U.S. Patent Application Publication No. 2009/0234089 (Asahi Kasei
Aime Co., Ltd., Kanagawa, Japan).
[00165] The silicone-containing compound can comprise Silicone B, a silicone-containing

component as illustrated below, and having a molecular weight of approximately 1,500 Daltons

(Shin-Etsu Silicones of America, Akron, OH, USA).

| 0 ) ) ~
40 .. o - si_/si S
% N e ‘o o
o ,
Silicone B
[00166] The silicone-containing compound can comprise Silicone C, A

monomethacryloxypropyl terminated polydimethylsiloxane (Gelest, Morrisville, PA, USA). A

structure thereof is:
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hydr oxyl groups. Soaking the | ens body overnight (approx. 9-12 hours) at
roomtenperature can be sufficient to recharge the surfaces of the |ens
adequat elwo=o11td32893t he | ens agai n has an opht hal m cal | y pataspaiabhesset t abl e
surface. [00151] As previously discussed, in another exanple of the present
i nvention, the ophthalmcally acceptable acid conprises at |east one

pol yneri zabl e form of a boronic acid, boronic ester, boronic anhydride, or
conbi nation thereof. In this exa , the at | east one polynerizable form
of a boronic acid, boronic ester, %‘ ®ni ¢ anhydride, or conbination
thereof, instead of or in addition %o being distributed as a second pol yner
conmponent in the reaction product v{ﬁhln thq\lens and at a lens surface

thereof, is present as a poLyne i’7a CQﬁPglepkvaf t he pol yneri zabl e
conposi tion, and, after ZQT“OQ4II§) resent as polynerized units of

t he copol yner of the polynerlzed reaction product. [00152] In this exanple,
the lens body that is the polynerized reaction product can have at | east
one pol yhydric al cohol present on at |east one |lens surface, i.e., the lens
body can conprise a conpl exed | ens body. The at |east one pol yhydric

al cohol present on at |east one |l ens surface can be present on both |ens
surfaces (i.e., present on both tRke;anpterior lens surface and the posterior
| ens surface). In sone exanples t he at Ieast one polyhydrlc al cohol may be

h f h
o 1 Ty ey o e SR T D ﬁ‘pfaé‘ SamBEh Pie EPISERF R e ohol
havi ng at ast one 1, 3 diol nmoiety (i apo] yhydric alcohol with a
backlﬁSﬂ’é’OE‘HﬁﬁF ias Forgbinatione g piyralisy @érsa}efﬁnafawgmlrtan gogpoynds st he ﬁfl@ene-

containing compound can be present in the polymerizable composition at a concentration from
about 1% to about 65%, from about 10% to about 60%, or from about 20% to about 55%.
[00168] The polymerizable composition can further comprise at least one polymer having a
1, 2 diol or 1, 3 diol moiety. The polymer having the 1, 2 diol or 1, 3 diol moiety can comprise a
polymeric wetting agent. The polymeric wetting agent can form an interpenetrating polymeric
network (IPN) or pseudo-IPN within the lens body.

[00169] The polymerizable composition can further comprise at least one monomer having
a 1, 2 diol or 1, 3 diol moiety. The monomer having the 1, 2 diol or 1, 3 diol moiety can
comprise a hydrophilic monomer. The monomer can polymerize either as a homopolymer or as a
copolymer with other components of the polymerizable composition to form an interpenetrating
polymeric network (IPN) or pseudo-IPN within the lens body.

[00170] The polymerizable composition can further comprise a non-reactive diluent. The
non-reactive diluent can comprise a water-soluble non-reactive diluent, i.e., a diluent which can
be extracted from the lens body using aqueous extraction media. In a particular example, the

water-soluble non-reactive diluent can have a 1, 2 diol or 1, 3 diol moiety. The water-soluble
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carbon atons bonded in a chain as a right carbon atom bonded to a center
carbon atom the center carbon atom bonded to a |left carbon atom wherein
one and owmbyoows78ygdr oxyl group is bonded to the right earhseo@nesea

hydr oxyl group is not bonded to the center carbon atom and one and onLy
one d t{h f r t he
pol yhégrr?%% dl éﬁ?hhﬁ ?%ﬁ 9(rjdég;slentl gxdzlig1 r{nm%@ éaﬁ%e%péiyzd &gﬂ fﬁf‘%l n}épldl cohol
havi ng at. Ieast one 1, 2 d|oI noi ety, or having both 1, 2 d|oI and 1, 3

di ol & g@?@?les In the exanpl e where the pol yhydric alcohol is a polyhydric
al cohol having at least one 1, 2 diol or 1, 3 diol noiety, at |east a

por t I8H78} 1, Thedipelymerizable 3cempositian esanedurthess eompiise tsh ephosphoinylddline

al cohol conplexed with at |least a portion of boronic acid noieties present
i n t lvempopoit,y sech af, fohexhmpk, Poniythberythyloxyethghiphosphory1choliaé.i €se gomsesft on a
| ens surface, within the bulk of the |lens body, or both). Additionally, in

t hi s pR¥PNBlEchofihe |c§r§5§ a%o%ériz‘ﬁﬂle%n@%f%ﬁbéﬁh?@'léﬁoﬁﬁé ric8R bR SR VtheriZ2dt he

copolymer of the lens body (e.g., boronic ac moi et'i es present” on a |ens

surf h be conm xed
{16 ot phiipRoihoRl ay SOReliERS: D o BhosBfisyenfite 0Pt ERERISH Y

that ISt zed reactlon pr uct may be_ an uncorrpl exed_| ens body

I n oﬁ%mba??t P&?P%‘Pry%%‘ﬂﬂ &aybe apgropbigkalle dofm cofmphespharyldnling o hegathepe

contacted with a pol yhydric al cohol haV|ng 1, 2 diol or 1, 3 diol noieties,

and a@hospbastchelipecompanait iHpresetcinabe polymieeizalels cprrmsatwnlmetmlymmblyrrer of

the I ens body can conplex with at |l east a portion of 1, 2 diol or 1, 3 diol

noi etcbmposifion ben fakyluydror cadl eoksd hadyodstdigpaed @TR! @xdration pobeektizable

composition having the same formulation except without the at least one polymerizable form of a
boronic acid, a boronic ester, a boronic anhydride, or a combination thereof, and can produce a
polymerized reaction product that is ophthalmically acceptable transparent (i.e., is clear enough
to use as a contact lens). When the phosphorylcholine component is present in the polymerizable
composition, the polymerizable composition can contain less than a total of 5% (w/w) of a single
C-Cio monohydric alcohol diluent, or of a combination of C,-Co monohydric alcohol diluents.
[00172] The polymerizable composition can further comprise an initiator. The initiator can
comprise a thermal initiator, a UV initiator, or a combination of a thermal initiator and a UV
initiator.

[00173] The polymerizable composition can further comprise a tinting agent, a UV blocker,
or a combination thereof. The tinting agent, the UV blocker, or the combination thereof can
comprise a polymerizable tinting agent, a polymerizable UV blocker, or a combination of a
polymerizable tinting agent and a polymerizable UV blocker. In the example where the tinting

agent, the UV blocker, or the combination thereof comprises the polymerizable tinting agent, the

68



[ 00153] The exanpl e can include a nethod of manufacturing a hydrogel

contact | ens body. The nethod of manufacturing a hydrogel contact |ens body
can conprweean1i(dsysspr ovi di ng a pol yneri zabl e conposi ti onpctrhms2q@oloysres i zabl e
conposition conprising (a) at |east one polynerizable formof a boronic

acid | roni ri-de, | Lan,. r  ( | east
one. RoRsBRe Y biociB” 8y BORKERIHE orthe IRTRARAET AN S R B (7T
cast npl di.ng .t | ymeri zabl e co sition i contact lens nmpld assenbly
to fa?wrla%qlgﬂ& blpskety theccopahimsF gtitherlensradyilurihes campes @aewgr%@ | ens
body formed of a copolyner, the copol ymer conprising polynerized units of

t he af theetiingorgenp qlojymesrized bings b tha bleekdsopopolymatized, utitsr efnthe tingingr
boroni ¢ anhydri de or conbination thereof, polynerized units of the at |east

one hydht apdof the Worndeaker. Thedintihg 3gértNths W biReDyr theeoaibilatias thedéu can
crosslinking agent; wherein the unconpl exed hydrogel |ens body has an

adva@&hﬂﬂsecgr@réé‘s%ir%(!@% %n{iﬁg ﬁdg&k}?a aBYhKkIAO U RodkePGUL USmitisaioh NG, about

1.6 MPa, an iono ess n about 7/x10 mm/mn., ‘an oxygen permaa%i lity

s ERHAEN GOty e o AR 0N Oy L 3Bl SRR Rt oni

2 ol iR 1% 401 B GrtnpDeISOMBHIEBOA deago! SOOI EH ° aFHY ke, ngPe A6EeF nat | on
of a boronic acid and a boronic anhydride. The at | east one pol ynerizable
f or nmexokslinkeblp o ¥nibbockei, dor Hrer oernbinatssreof thoraoistinkable dintidg agent antbi that i on
t hereof conprises a boronic acid. The at | east one pol ynerizable form of
t he beksinkabladivl bldeRem teCcopsly@ier of the lens body further comprises crosslinked units of

the tinting agent, crosslinked units of the UV blocker, or crosslinked units of the tinting agent

and of the UV blocker.

[00174] In the present example, the contact lens mold assembly used to cast mold the lens

body can comprise molding surfaces, including an anterior surface and a posterior surface. At

least one molding surface of the mold assembly can comprise a thermoplastic resin. The

thermoplastic resin can comprise a polar thermoplastic resin, a non-polar thermoplastic resin, or

a combination of both a polar thermoplastic resin and a non-polar thermoplastic resin. Examples

of polar thermoplastic resins include ethylene vinyl alcohol (EVOH) and polybutylene

terephthalate (PBT). An example of a non-polar thermoplastic resin includes polypropylene

(PP). The thermoplastic resin can comprise a thermoplastic resin having at least one 1, 2 diol or

1, 3 diol moieties, such as, for example, PVOH. The at least one 1, 2 diol or 1, 3 diol moieties

can be capable of complexing with at least a portion of boronic acid moieties present in the

polymerizable composition, the polymerized reaction product, or in both the polymerizable

composition and the polymerized reaction product.
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boroni c anhydride or conbination thereof can conprise a polynerizable form
of a boronic acid. The at | east one pol ynerizable formof the boronic acid,
bor oni ¢ esveani/d3esveni ¢ anhydri de or conbi nati on thereof pcaruSecaopuisse a

vi nyl phenyl boronic acid, for exanple, 2-vinylphenyl boronic acid,

3- Vi nyl r.oni i 4-vinyl QNI 1d,..0 ' i on
tnor DAY AP GREnERlatold ol HEoRFE IR 8 B anloy G ATBURRY 00
ester, boronic anhydride or cogttgi nation_thereof can co&Pri se.a

pol yARSIE e thary 0 0903 RIUISHEPTE Ayt %hd Mb tasabayt ) MPagan innpfly dessy

| east one polynerizable formof the boronic acid, boronic ester, boronic
anhythandabout SedfDi ma /ngn., tane pxxgen ceenmiabilityes fess i thart laboysol YhBaireeshlaad
conposition at a concentration fromabout 0.1%to about 10.0% from about

0. 5% liB@ twier096ntdn® frohi @b BaYUs tol6 el I afother eZaffe, {HQROIpIEREd &ins| east
one hydrophilic nonomer of the polynerizable conposition can conprise a

hydr gg‘lli# {;ainchrﬁg AR rﬁﬁ{/a&@éi %ﬂta@{ ?ﬂf?@l%gs l‘ﬁgll? al¥ddt¥be, A0h&huus T8 a%utl(f@Mquae

hydr I C nononer O e polynerizabl e conposition can conprise

I ' d hi, | i : I h L yr.al i f

o St 2N RO s TBRR RO a1 PP ARFarB bR IRaBRANED i iy

| east _one vinyl noiety, and a second, hydrophilic nononmer havi n(szjo at | east
one ééﬁ@&é?sypéb@ﬂd@pg[awrsﬁ st argquitFhsiug wWaiehenteyH drogt eyt fOMeitR§ %gent of t he

pol ymeri zabl e can conprise a crosslinking agent having at |east one vinyl
moi e{00178he aflht emslodorae fortles sbmpkisanthe agprtf cortatting tholiyeverileed|lens body
conposition can conprise a plurality of crosslinking agents. In one
exanmpli®, a édifiplexing solution, and complexing at least a portion of 1, 2 diol or 1, 3 diol moieties
present in the complexing solution with at least a portion of boronic acid moieties present in the
copolymer of the lens body to produce a complexed hydrogel lens body. The complexing
solution can comprise at least one polyhydric alcohol having at least one 1, 2 diol or 1, 3 diol
moiety. The complexing of the boronic acid moiety with the 1, 2 diol or 1, 3 diol moiety is
equivalent to “attaching” an ophthalmically acceptable acid to PVOH, as previously discussed.
The complex can be permanent or semi-permanent, such as optionally allowing for slow release
of the complexed polyhydric alcohol from the lens body during use, which may enhance comfort
during lens wear.
[00177] The contacting and complexing step can be conducted as part of a rinsing or
soaking process conducted prior to placing the lens body in the blister package with a packaging
solution. Alternatively or additionally, the contacting and complexing step can be conducted by
contacting the lens body with a packaging solution comprising at least one polyhydric alcohol

with at least one 1, 2 diol or 1, 3 diol moiety as part of the step of placing the lens body in a

blister package with a packaging solution, and sealing and sterilizing the blister package.
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plurality of crosslinking agents can conprise a first crosslinking agent
havi ng at | east one vinyl noiety, and a second crosslinking agent having at
| east onewombharsgBat e noi ety. [00158] The pol yneri zabl ecrarspmsiotdsan can
further conprise water. The water can be present in the polynerizable

ol o 28" 6 PO s P csolF P AT lsP B YR i e SRR an

anount effective toconvert an anhydrous cyclic trimer of boronlc aC|d

moi efPERleKe densHiady efhir tcemplixethilensabedy) mpithee washings sqlptre HifotlfR 1 of
wat er may al ready be present in conponents of the polynerizable
conpwessling the lemebatymantcomprisdcinticting thenstebodyewith mwattr.i an dgneoysciolutioniof abl e
conposition in order for the a nolar ratio of 1:3 to be present can be

det enRoRith alt6Hol LoramRiqAeoudSblgioR ekRhtiallyl &6 a @&k1BIalpdRol. The Mashiex s@p! e,
t he anhydrous cycllc trimer of structure IIl present in the polynerizable
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pol yneri zabl esi | i cone-cont ai ni ng conpound in the polynerizabl e conp05|t|on
r esuPt gombingtiansphersefn dbe ovashiog pelutipn ean egmprésedhe ahlsassiopg pelybydimelaehmlng
conpound in the copolyner, i.e., the copolyner further conprises
pol yhavihg edleastidns 102 dibleoralt, 3| dalsmomwtye The lwashing-solibaican he effectoreo cleaacr omer
or prepolyner, and the unconpl exed hydrogel contact |ens body conprises an
uncopme! 18%Ekbdy, to extract materials from the lens body, to swell the lens body, to hydrate the lens

body, and combinations thereof. The step of washing can be the same step as complexing the

lens body. The step of washing can be conducted in the blister package or in a lens tray

configured to hold a plurality of lenses during one or more processing steps.

[00179] The method can further comprise the step of hydrating the lens body (e.g., the

complexed lens body or the uncomplexed lens body) with a hydrating solution. The hydrating

step can comprise a separate step from the washing step, the complexing step, or the placing

step. Alternatively, the hydrating step can be incorporated into another step of the process which

involves contacting the lens body with water or an aqueous solution. The step of hydrating the

lens body can comprise contacting the lens body with water or an aqueous solution effective to

swell the lens body. The aqueous solution can comprise at least one polyhydric alcohol, the at

least one polyhydric alcohol having at least one 1, 2 diol or 1, 3 diol moiety. The step of

hydrating can be the same step as complexing the lens body, the same step as placing the lens

body in a blister package with packaging solution, or both. In other words, the lens body can be

hydrated in a separate processing step, the complexing solution can be used to hydrate the lens
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silicone hydrogel contact |ens body. The silicone-containing nononer,
macr omer or prepol ymer can conprise a silicone-containing macroner or
prepol ymewo 2p 0BG The silicone-contai ni ng nononer, naECOMSRO0049Fp€pol yner
can have an average nol ecul ar wei ght greater than about 1,000 Daltons,

grea lpag t reater
thanB(g 0 cg%hl%ﬁ(ﬁy @%gcalﬁgiree%? QFO ?%@%%Z‘E I%F?B %})glu%a ton% n%SIrO Eetg han
abou 10 00 | to ater t about 12,000 Daltons. The average
nDIe RgP mﬁ%% ?Hﬁﬂag&@ 4ge mol ecul ar wei ght det erni ned by
nuclear nagnetlc resonance (NMR). [00161] The silicone-containi ng nononer,
macr 80br pleps methed @éma@gfapﬁmge aghysiroget bame bodn At prgsamb rxareple, thacr omer

or prepol yner having ethylene oxide (EO units present in the backbone, the

si deneltaidngin forthdraiompride tHeadoensladng atlérs widdge.ghai dagpldxell éhsBAQ 58 an
macronmer or prepolymer. The silicone-containing nonomer, nacroner or

pr epﬁhéﬁﬁ%le%rle&%ﬂﬂ'&?)ﬁ?a Bnth& 3§k %@@Pf)a&g%e @tth |aQﬁ§fef %lﬁﬂ(t)n 1Rd s@zﬂm&g%ﬂét

about 20, at |east about 25, at |east abo east about 35, or at

| east, a out O, ethyl ene o (EQ),. uni 0 2] The si]icone- cont i ni ng
monofsH LA é‘? R@?te‘y ACKPES 3111635%@' 2 % éseg (?ys%lfq I rPé?‘dé bgaf“HPtrgg‘ nomer ,
macr oner prepol ymer havi ng at Ieast about 10, at | east a out at

| eas Pn%@&?mp Ighe lens pedyspresanb i the ecalesh stgrilized-packagsdsian ywaremplsxedhens body oxane

(DMBS) units present in the backbone, the side chains, or both the backbone
and fdlvangi¢hebraling aod stdmdizing (i.e., boronic acid moieties of the copolymer of the lens

body are not complexed with 1, 2 diol or 1, 3 diol moieties of a polyhydric alcohol in the final
packaged product). In another example, the lens body present in the sealed, sterilized package is
a complexed lens body (i.e., at least a portion of the boronic acid moieties present in the
copolymer of the lens body are complexed with 1, 2 diol or 1, 3 diol moieties of a polyhydric
alcohol).

[00181] The complexing of the boronic acid moiety with the 1, 2 diol or 1, 3 diol moiety is
equivalent to “attaching” an ophthalmically acceptable acid to PVOH, as previously discussed.
The complex can be permanent or semi-permanent, such as optionally allowing for slow release
of the complexed polyhydric alcohol from the lens body during use, which may enhance comfort
during lens wear.

[00182] The complexed lens body of the present example can have an advancing contact
angle at least 5% less, at least 10% less, at least 15%, at least 20%, or at least 25% less than an
advancing contact angle of the uncomplexed lens when both the complexed lens body and the
uncomplexed lens body are tested after being hydrated and after soaking in phosphate buffered

saline for at least 6 hours.
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nononer, macromnmer or prepolymer.[00163] Wen the silicone-containing
conpound conprises a silicone-containing nononmer, nmacroner or prepolyner
havi ng etwpl2enesmosde (EO units present in the backbonecTtuseosiossoehai ns,
or both the backbone and the side chains of the nononer, macroner or

prep , t silicone-cont ai ni un ) | f

bt HBFT o1 by e temsiRad ERG YA Ee BRBE bl ton Rl AShidod Lot
siloxane (DVB) units present. In such an exanpl the ratiq, t he nunber
of | SPRGI oh BITI°UAesy LD ] GLodets Hohd o b BP0t gt 2571 bxafien g (<
present (EQ'DMS ratio) can be from about 0.20 to about 0.55, from about

0. 25 atleangbguto@adOangty of rowpmpanatived 186 badyabwde Bings the 6016 4jolyprsizable

si |l i cone-cont ai ni ng conmpound can conprise Silicone A a silicone-containing

CoNMPeB@Pbsitibie batNHthdst R asidabl afie bOrodid el Uberohie, esisrdbofnid ashydeidy sirl oxane
macr onononer A described in Exanple 2 of U S. Patent Application

Publ | gt?lblﬂ‘%eo@ﬁer%@%ﬁ%ﬁ&ﬁﬂﬁ@ri%ﬁ:%ﬁﬁiﬁh, ShiiPbd the LdrfblexdiABAIRUG andapan)

[001§ I cone-contal ning co can conprise I cone B, "a

i o SPGB B aeRt grecate e e S e B ek n SO s bR

Akron, OH, USA). Silicone B [00166] The silicone-containing conmpound can
conprsaline far ailegshé hoursa monomet hacr yl oxypropy! t er ni nat ed
pol ydi net hyl si | oxane (Gelest, Mirrisville, PA USA. A

[00184] As previously discussed, the polyhydric alcohol having at least one 1, 2 diol or 1, 3

diol moiety can comprise a form of poly(vinyl alcohol) (PVOH). The PVOH can be a
crosslinked form of PVOH, such as PVOH crosslinked with boric acid, or PVOH crosslinked
with a dialdehyde or polyaldehyde, or a combination thereof.

[00185] The form of PVOH can be a form of PVOH with a low molecular weight, such as a
form of PVOH with a molecular weight below about 75,000 Daltons. The low molecular weight
form of PVOH can comprise MOWIOL® 4-88 (MW=31,000 Daltons) or MOWIOL® 8-88
(67,000 Daltons) (Kuraray, Houston, TX, USA).

[00186] The form of PVOH can be a form of PVOH with a low level of hydrolysis, such as
a form of PVOH with a hydrolysis level below about 90%. The low molecular weight form of
PVOH can comprise MOWIOL® 4-88 (88% hydrolyzed) or MOWIOL® 8-88 (88% hydrolyzed)
(Kuraray, Houston, TX, USA).

[00187] The polyhydric alcohol having at least one 1, 2 diol or 1, 3 diol moiety of the
complexing solution can comprise catechol or a form of catechol. The form of catechol can

comprise a polymerized form of catechol. The polyhydric alcohol can comprise glyceryl
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structure thereof is:Silicone C[00167] The silicone-containing conpound
can conprise a single silicone-containing conpound or a conbination of a
pl ur al i t ywofosiid3rssene- cont ai ni ng conpounds. The sil i conecornisaiiongFo€onmpound
can be present in the polynerizable conposition at a concentration from

about 1%t romaabou o] or. a oto
aboupoggg}e&fl%éf%g%](é%e) poI yrrfgll?ﬁ1 zabgTll g r& mﬁglé{&hggﬁae f];J}{et 0% Qp:épy 12&/ at

| east one | yper having a 1, 2 dio di ol he pol yrer

havi m@nméf?@crytatwa comprlfe a@Obrm?PZ?—A) f]féb}ﬁe’EyéFP&nP%lé&légrﬁ B8 neric wetting
agent. The polyneric wetting agent can forman interpenetrating polyneric
net wifl0A88) PN) The pplybudiac hlephali aftthe compleaxamgssobgidp. caho@n@gise Phrspoblymeri zabl e

conposition can further conprise at | east one nononmer having a 1, 2 diol or

1, 3ngling atRhglovie 1TDRlidrRANBIdiblaMbieg. The filst pdlyetiedlca® orhprist alviak] arosiely can
conprise a hydrophilic nonomer. The nononer can polynerize either as a

h | b
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conprise a_water-soluble non-reactive diluent, i .e., a diluyent which can be
ext r gnearethagnvaitend ahxdrophiljc arshlxd@owa@dn%n@@crr%malym of thejpelyydric
particul ar exanple, the water-soluble non-reactive diluent can have a 1, 2

di ol aloohdl, cén He cfbrma:d ef yanit¥he wayk alcobdluhdéor glyceat tmeummibithageiate hedi ag a 1,

2 diol or 1, 3 diol noiety can be a glycol, such as, for exanple,
monomer with a bulky side chain. The copolymer of the polyhydric alcohol with a bulky side
chain can be effective to reduce the penetration of the copolymer into the bulk of the lens body
as compared to a vinyl alcohol homopolymer of approximately the same molecular weight. The
copolymer of the polyhydric alcohol can comprise a vinyl alcohol and vinyl pyrrolidone
copolymer, a vinyl alcohol and methacrylate copolymer, a vinyl alcohol and glyceryl
monomethacrylate copolymer, a vinyl alcohol and phosphoryl choline copolymer, a glyceryl
monomethacrylate and vinyl pyrrolidone copolymer, a glyceryl monomethacrylate and
phosphoryl choline copolymer, combinations thereof, and the like.
[00189] The complexing solution can comprise the first polymer having the 1, 2 diol or 1, 3
diol moiety, and a second polymer physically entangled with (i.e., not crosslinked or chemically
bonded to) the first polymer. The first polymer, the second polymer, or both the first polymer
and the second polymer can comprise a wetting agent effective to increase the wettablilty of the
lens body, a comfort agent effective to increase comfort of the lens during wear, or both.

[00190] The method of this example can also comprise a method of treating a hydrogel lens

body. The method of treating a hydrogel lens body can comprise (i) providing a polymerizable
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gl ycerin. [00171] The pol yneri zabl e conposition can further conprise a
phosphoryl chol i ne conponent, such as, for exanple, 2-nethacryl oyl oxyet hyl
phosphor ywohelivaisess3The form of phosphoryl chol i ne can bepaTpskywmadszabl e
form of phosphoryl choline, or can be a pol ynerized form of
phosphoryl ¢choline. .- The polynerizable formao hasphoryl chol i.ne ar the

pol yREMPIUEOR EPMPHFING KHsPNEHS) 10K RO yeerzahle bé@“'g of raog%rp?{wk%?ﬁa PO IHECFET
phosphoryl chol ine. Wien the phosphoryl choline conponent is present in the
pol y erancadyihgdddapo sombination therepB1(Ynasr¢ashnechysdsonhdlsd mpremerapnd A Rt lsaste or
can be |l ess hazy as conpared to a conparative polynerizable conposition
havi bge chsslaking dgehiiu(iiftas madiag plic polymetizabldeompositemsin ocumtapo lgnsenoldabl e
formof a boronic acid, a boronic ester, a boronic anhydride, or a

conbi AN 1d RERER polydidizE@ReREiOH Pesiuet Bt YWB] LE&HngI6aa! hydfod AdidHodyhat i's
ophthal mcally accept'abl e transparent (i.e., is clear endugh to use as a
contact |.e . en the phosphorvl chol i ne t 1S i

ol y e cond BB PR R RN PAE b S o BURS AR oo BT ALl Bu, e
than a total of 5% (ww of a single G -G o ponohydric alcohql diluent, or
of a theohRIPRISECisk batonts estsr, bprapig sr)Yide of combaatian fthessnplspolymerzes unfise

pol yneri zabl e conposition can further conprise an initiator. The initiator
can tlenqtr leas amettydrophilid monomen rapd aregelinksi formedby the atleasgtndrienerossbinking a
thermal initiator and a UV initiator. [00173] The pol yneri zabl e conposition
can hpérthevheg€iimhd GRcompléxtdi Hydra@QE Rhs badyMadhdadRincing contact angle less than

about 120°, a modulus less than about 1.6 MPa, an ionoflux less than about 7 x10-3 mm2/min.,
an oxygen permeability of less than about 120 Barrers, and an equilibrium water content of at
least about 30%; and (iii) contacting the uncomplexed lens body with a first complexing solution
comprising at least one polyhydric alcohol having at least one 1,2 diol or 1,3 diol moiety and
complexing at least a portion of the at least one 1,2 or 1,3 diol moiety present in the first
complexing solution with at least a portion of boronic acid moieties present in the copolymer of
the lens body to produce a complexed hydrogel lens body.

[00191] In a particular example wherein the hydrogel lens body comprises a hydrogel
contact lens, the method of treating a hydrogel lens body can further comprise (iv) after the
contact lens has been contacted by the first complexing solution and subsequently worn by a
user, contacting the contact lens with a second complexing solution comprising at least one
polyhydric alcohol with at least one 1,2 diol or 1,3 diol moiety, and complexing at least a portion
of 1,2 diol or 1,3 diol moieties present in the second complexing solution with at least a portion
of the boronic acid moieties present in the lens body. The polyhydric alcohol of the first

complexing solution can be the same as the polyhydric alcohol of the second complexing
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or a conbination thereof. The tinting agent, the UV bl ocker, or the

conbi nation thereof can conprise a polynerizable tinting agent, a

pol yner i awbl2e11ldg799Bocker, or a conbi nati on of a pol ymer ipzahiseotviomisperg agent
and a pol ynerizable UV blocker. In the exanple where the tinting agent, the

WV bl ocker, or the conbination thereof conprises the pol yr}Fri z;.bl e&éqi: nting
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tinting agent and the polynerizable UV bl ocker, the copolyner of the |ens
bodypdlyirytdhie ralacwboipefi tbesecpud yoreplexzieg solnfiors of the tinting agent, polynerized
units of the WV bl ocker, or polynerized units of the tinting agent and of
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agert COMAE S SurIRKABTEO R POERE ® 5FERD CCBHBH [aE 1O ofbie, R BEHENabl e
tinting agent and the crosshnkabl e UV bl ocker, the copol yner of the |ens
bodycompashion cepppising &t legstns ppsdizable fermoef 3 brsonic geidn orgpis ester. doBYYES i nked
units of the UV blocker, or crosslinked units of the tinting agent and of
t he dllyBtide ker .combiiihidh therebfeatpieaste phe ehyaingphilic trhenoownt and dtelegstnoha
assenbly used to cast nold the | ens body can conprise nol di ng surfaces,

i ncl 4eisnakRp agBtieihetydfigel RAEHETdofmEP st £EdplyrdH dodfpeisindipol yeasHze@nAits0! di ng
surface of the nold assenbly can conprise a thernoplastic resin. The

E Eg:%k %g Eé;agt drﬁrgezé&nylﬁgﬂri‘za%%%%so? tfte BOLoAlc L HEPAHiARLLE bbRRiantdARN oPO! ar
combination thereof; polymerized units of the at least one hydrophilic monomer; and crosslinks
formed by the at least one crosslinking agent; wherein the lens body has an advancing contact
angle less than about 120°, a modulus less than about 1.6 MPa, an ionoflux less than about 7x1073
mm?/min., an oxygen permeability of less than about 120 Barrers, and an equilibrium water
content of at least about 30%.

[00193] The hydrogel lens body can comprise an anterior surface, a posterior surface, an
edge and at least one transparent optic zone. The transparent optic zone can be configured to
correct vision.

[00194] The hydrogel lens body can be an uncomplexed lens body. The hydrogel lens body
can be a lens body wherein at least a portion of boronic acid moieties present in the copolymer of
the lens body are complexed with 1,2 or 1,3 diol moieties present on at least one polyhydric
alcohol, i.e., a complexed lens body.

[00195] The hydrogel contact lens body can be cast molded using mold surfaces formed of

a thermoplastic resin.
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a conbination of both a polar thernoplastic resin and a non-pol ar

t hernopl astic resin. Exanples of polar thernoplastic resins include

et hyl ene wonyimabssehol (EVOH) and pol ybutyl ene t er epht haCatus2qiPBIYs96 An
exanpl e of a non-pol ar thernnplastic resin includes polypropylene (PP). The

ther stic re5|n C r 1& t.her nopl,astic resin haV|n ast one
POgI® or T KR R b o AR Reie R ooy
one 1 2 diol or 3 d| moi et es can be capabl e of .conpl exing wi th at
| easthan apRi 08 aolm%%ﬁp@ ghout 0pYiBe it abgtt é&MPa» an igneflyy lsasdhan ahoup
conp05|t|on t he pol ynerized reaction product, or in both the polynerizable
c onpioelior’i rom 2 /i, ah exygenypeemeabelity rod dess itham gbootd Uit Bdg 4,761 egnilibhempwatsent
exanpl e, the unconpl exed | ens body can have an advanci ng contact angle | ess
t hancoalpat frodPibout3 sMdy bs,. f rom about 0.3 MPa to about 1.0 MPa, an ionofl ux
| ess than about 5xI10 3 M /mn., an oxygen perneability of |ess than about

110 f t

110 RIS 5, PRGN HITES TP TP Rl AOTRIHL TR by
angl oL han us fr ut 0.4 MPa, an
ootk ks PR st %@9% %iﬁ?wglaﬂofgp IR b Sk about
55 Barrers to about 100 Barrers, and an equi | i briumwater content from
abounmiauint, gn esygen prymed]ilityred less thascabern! K Barress, apd kpvilibium veaten coptest
contacting the unconpl exed | ens body with a conpl exi ng sol ution, and

conpfrexiabgutat5% ee6t%a portion of 1, 2 diol or 1, 3 diol noieties present in
the conplexing solution with at |east a portion of boronic acid noieties

pres@o19s8|n t Nehe aRQINYIIBYedRydibiR] 18RSHIA ANt Ve A HEEBndngs QHRh&XAH1d ks 0gel
| ens body. The conpl exi ng
than about 60°, a modulus from about 0.4 MPa to about 0.7 MPa, an ionoflux less than about
4x10° mm*min., an oxygen permeability from about 55 Barrers to about 100 Barrers, and an
equilibrium water content from about 40% to 65%.
[00199] The cbmplexed hydrogel lens body can have an advancing contact angle less than
about 60°, a modulus from about 0.4 MPa to about 0.7 MPa, an ionoflux less than about 4x107
mm*/min., an oxygen permeability from about 55 Barrers to about 100 Barrers, and an
equilibrium water content from about 40% to 65%.
[00200] This example is also directed to a hydrogel contact lens package. The hydrogel
contact lens package comprises: (i) a cast molded polymerized reaction product of a
polymerizable composition reacted in a contact lens mold assembly to produce a hydrogel
contact lens body, the polymerizable composition comprising (a) at least one polymerizable
form of a boronic acid, boronic ester, boronic anhydride, or combination thereof; (b) at least one

hydrophilic monomer, and (c) at least one crosslinking agent; the hydrogel lens body formed of a

copolymer comprising polymerized units of the at least one polymerizable form of the boronic
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solution can conprise at |east one polyhydric al cohol having at |east one
1, 2 diol or 1, 3 diol noiety. The conpl exi ng of the boronic acid noiety
wi th the wo 281idizedozor 1, 3 diol noiety is equival ent toPCatusachiongde an
ophthalm cally acceptable acid to PVOH, as previously discussed. The

conpl ex ;can.be_pekrmanent .or .seni - . [ I lowt ng for
sl oW Ibé)éo ¢ S?tgrt’ %8“’51 gc Q{a@e B%chrﬁ@g?t? Ogln{gf:rceoﬁﬁ&@%%% ﬁlgﬁgglrv]gleg%é%ur i ng
use, which nmay enhance confort dyring.lenps ar. [00177]. The contacting and
conptExtgoritimenemere apd fraaks lomeg oy iRt lgas Pﬂ‘ls FW@S@LI%&% §hptStess
conducted prior to placing the Ilens body in the blister package with a
packéhgileny body hes amadvahtieg nentastengledess dban abounBI0°ya mpddug teas then iaheptdrfl

conpl exi ng step can be conducted by contacting the I ens body with a

packePangn ssioflik A8ss aRaPabGt 191 @ nindAgin. ameop@ky pythidabilay o6k thuint dboat | east
one 1, 2 diol or 1, 3 diol noiety as part of the step of placing the |ens

bOdyl%d"BéerJs,i %@e{ﬂ %fl%ﬁﬁﬁn Wk c%[lﬁﬂ%g?i 1Bt §fr9réedtﬂ Ej(k))gs} égﬁﬂfﬁ!ﬁ?fa%idg%hﬁﬂﬂ;

sterilizing t er package.|[ 0017 er conprise the

o) RaRes drs By it Ao g ag LBy ERMRARCR £l B 8 ol e

| ens body can conprise contacting the | ens body wth water, an aqueous

sol upackaZing seluiemand) (&) & ssahastachesk todhe herganembe soptigyrd &g@mtalaﬁheylem ee of
a volatile al cohol. The washing step can conprise cleaning dust or debris
f r onbadyeanidehes pimkdging exiutiac in msterikteonditios fenrcduratonuekr tene t@uvalem éoreshell
partially reacted nononer, diluents, etc., fromthe | ens body, hydrating

t he ﬁﬁnﬁﬂﬂgﬂmngkngPﬁn@g@tions t hereof . The washi ng solution can conprise

the at | east one pol yhydric al cohol
[00201] The packaging solution can comprise at least one polyhydric alcohol having at least
one 1, 2 diol or 1, 3 diol moiety.
[00202] The at least one polyhydric alcohol having at least one 1, 2 diol or 1, 3 diol moiety
can be present in the complexing solution, the packaging solution, the washing solution, the

hydration solution, and combinations thereof, at a concentration of from about 0.01% to about

10%, from about 0.05 to about 5.0%, or from about 0.1 % to about 1.0%.

EXAMPLES
[00203] The following Examples illustrate certain aspects and advantages of the present
invention, which should be understood not to be limited thereby. All parts, percentages and ratios

are by weight unless indicated otherwise.
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having at |least one 1, 2 diol or 1, 3 diol noiety. The washing solution can
be effective to clean the lens body, to extract materials fromthe | ens
body, to woeebiiam»3l ens body, to hydrate the | ens body, pamasecaniiesas i ons
thereof . The step of washing can be the sane step as conpl exing the | ens
body, . The, st 0 shing can be conducted in the blister package or in a
|enshﬁ¥%yﬂ%%ﬁﬁﬂaﬁP@§ to hold a plurality of |lenses during one or nore
processi ng steﬁs. }00179% The met hod can further conprise the step of

hydr HI284] t he The falloydag afleyjationsirad corpiperdiag campowsis ng strugiares Araist exed
| ens body) with a hydrating solution. The hydrating step can conprise a
sepairathe esdreples.r om t he washi ng step, the conpl exing step, or the placing
step. Alternatively, the hydrating step can be incorporated into another

st epj@hose PEAGIERS Whi ch (3M&ﬁ%?ﬁo%?@ﬂ@ﬁi&?ﬁgb?@x&)@ﬂﬁ)yﬂﬁﬂ%irﬂéthﬂSM}@r or

an aqueous solution. The step of ‘hydrating ens body can conprise
cont i el 0, tth water or an aqueous solution effective to
smelﬁﬁﬁhQQP%%sAggﬁépg?ﬁée§%%éous solution can conprise at |east one
pol yhydric al cohol, the at |east one pol yhydric al cohol having at |east one
1, 2 diol or 1, 3 diol moiety. The step of hydrating can be the same step
as conplexing the |l ens body, the sane step as—@giacing the lens body in a
bl i ster package with packaging sol ution, or boid. In other words, the |lens
body can be hydrated i essLng\gggp, t he conpl exi ng sol ution
can be used to hydrate thge | ensbo the packag{ng solution can be used to
hydrate the | ens body, or the pac J@ing solutig% can be used to both
conpl ex and hydrate the | ens body. [00180] Iﬁ“ﬁ%@‘nethod of manufacturing a
hydrogel |ens body of the present exanple, the

iIGMA

[00206] Silicone C = Monomethacryloxypropyl terminated polydimethylsiloxane. A

structure thereof is:

pt

o4
~7 8 8. L% \s(/\/
NSk nj:|\o4% = ﬂ:
Silicone C

[00207] Tris = 3-[Tris(trimethylsilyloxy)silyl]propyl methacrylate. A structure thereof is:
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met hod can further conprise the step of placing a |lens body (e.g., a

conpl exed | ens body or an unconpl exed | ens body) in a contact |ens blister
package wohon/dslgest er sol ution, and sealing and steril iPzirnug2atom493bé st er
package, thereby sterilizing the | ens body and the packagi ng solution. In
one exanple, the lens body present in the sealed, sterilized package is an
unconpl exed | ens body foll ow 'E? t he seal| : sterilizing (i.e., boronic
acid noieties of the copoly of the Ie re not conplexed with 1, 2
diol or 1, 3 diol nnletles ofla polyhydrlc ‘al cohol in the final packaged

product). In anot he] n the seal ed,
sterilized package I a C rrpl xe g%)g? PJSEEH& | east a portion of
the boronic acid noieties esent in the kf of the I ens body are
conplexed with 1, 2 diol éﬁ 3 diol lé 33‘; a pol yhydric al cohol).

[ 00181] The conplexing of th boronlc acid noi €ty with the 1, 2 diol or 1,
3 diol noiety is equivalent to aix chi ng" an ophthalmcally acceptable
acid to PVOH, as previously discu The conpl ex can be permanent or
sem - permanent, such as optionally allowi ng for slow rel ease of the

conpl exed pol yhydric aIcohoI fromthe |l ens body during use, which may

enha 08 nfoFﬁAguqq amidP0182] The conpl exed | ens body of the
pres exanpl e can anci ng contact angle at |least 5%l ess, at

Lﬁ?ih@ﬂﬁ con MR- Iﬁe‘?gﬂo 51%%{3%&%%%@%52? T e s han an
ens [0%%?3] an Ml\r/]IA = Methyl methacrylate.

[00211] HEMA = hydroxyethyl methacrylate.

[00212] EGMA = Ethylene glycol methyl ether methacrylate.

[00213] EGDMA = Ethylene glycol dimethacrylate.

[00214] TEGDMA = Tri(ethylene glycol) dimethacrylate.

[00215] TEGDVE = Tri(ethylene glycol) divinyl ether.

[00216] VAZO® 64 = 2,2 ' -Azobiz(isobutyronitrile).

[00217] UV 416 =  Cyasorb UV-416 from  Cytec, 2-(4-benzoyl-3-

hydroxyphenoxy)ethylacrylate.

[00218] VPB = 4-vinylphenyl boronic acid.

[00219] PBS = phosphate buffered saline (20mM, pH=7.3 ).

[00220] NaCMC = Sodium Carboxymethyl Cellulose.

[00221] PEI 25K = Poly(ethyleneimine) solution Mw ~2500.

[00222] PVOH = polyvinyl alcohol (such as, for example, MOWIOL® series polyvinyl

alcohol, Kuraray, Houston, TX, USA, including MOWIOL® 4-88 (MW=31K), MOWIOL® 8-

88 (67K), MOWIOL® 18-88 (130K), MOWIOL® 40-88 (127K), MOWIOL® 40-88 (205K);
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unconpl exed | ens body are tested after being hydrated and after soaking in
phosphate buffered saline for at | east 6 hours.[00183] The conpl exed | ens
body of twWwe 2prigsesys exanpl e can have an advanci ng cont a@CTArsgd18/03459¢ east 5%
| ess, at |least 10% | ess, at |east 15% at |east 20% or at |east 25%1 ess

H ) ) )

éaﬁQPS’s‘a@%%%?%@W RSB I Gl oo ERLRRO TP LR S PR ORRT AV OB e 1 e
oronic ester, bhoronic anhg/drl de or cpnbl n n thereof in the

poI yﬁ%r/"l@h‘épg)sc%%HsWﬁ‘%( Wb§¥ﬁ9{"r{é4@§%ﬁ)§xed | ens body and the

conparative | ens body are tested after being hydrated and after soaking in
phos p0223] buf TEFBAMSNERNEDEGI0 pely¢thersmig haoraiphat@opdsithesdipmeng dartied
di scussed, the polyhydric al cohol having at |east one 1, 2 diol or 1, 3

di ol fig’ 8tproPdéheCoXIBE-taHed pobetiyddne el at] (Hysmah atdipditi¢rt VIld) Wobliand/OH can
be a cr ossl i nked formof PVOH such as PVOH crosslinked with boric acid, or

PVO"T%‘(’PS?Q' nked with a di al dehyde or pol yal dehyde, or a conbi nati on
t here 0185] The form of PVOH can be a formof PVOH with a | ow

| .

T L e e S
ng% 4-88 (M3 1,000 Dal tons ry 8-88 &7 000 Dal t ons)

(Kur H0R25] HouM Ermethgsmoloqu_)wﬂy phqﬂ@éow ip¢ (Ippdure® NGE GorpgRIDLf  PVOH

with a iow level of hydrol ysis, such as a formof PVOH with a hydrolysis
| evellokpd,dupamhpout 90% The | ow nol ecul ar wei ght form of

[00226] VB6= VAT Blue 6 (7,16-Dichloro-6,15-dihydroanthrazine-5,9,14,18-tetrone).

Preparation of Contact Lenses

[00227] Polymerizable lens compositions were prepared by mixing various combinations of
the ingredients and components as indicated by some of the tables below. The lens formulations
were formed into lenses in the following general manner.

[00228] Contact lens molds were injection molded from non-polar polypropylene resin
using conventional injection molding techniques and equipment. Each contact lens mold
included a female mold member that includes a concave optical quality surface for forming the
front surface of the contact lens, and a male mold member that includes a convex optical quality
surface for forming the back surface of the contact lens. The female mold member can be
understood to be a front surface mold, and the male mold member can be understood to be a
back surface mold.

[00229] An amount (about 60 pl) of the polymerizable lens composition was placed on the
concave surface of the female mold member. The male mold member was placed in contact with

the female mold member such that the polymerizable lens composition was located in a contact
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PVOH can conprise MONOL(r) 4-88 (88% hydrolyzed) or MONOL(r) 8-88 (88%
hydr ol yzed) (Kuraray, Houston, TX, USA). [00187] The pol yhydric al cohol
havi ng atwbeasto3esye 1, 2 diol or 1, 3 diol noiety of thecTarspdierissge

sol ution can conprise catechol or a formof catechol. The form of catechol

can comprise a polymerjzed form of catechol. .The .pol.yhydric al cohal. can
complra gy Sofiy SFBHL BRerg IR SneBifirgs of BEERYY Wil befps Ma me
nononet hacry] ate, The form of glyceryl nononethacrylate can caonprise a

pol y AR suitaes: o e mgalg swld, mefbRb o qetgmatdemember ey hefehdn pesiiier by pe

al cohol of the conplexing solution can conprise a first polyner having at
| easintenfrserice {it beiwden arpetiphgaldiegion wbihetfomalthed malemoldahgmberscan conpri se a
vi nyl al cohol copolyner, a glyceryl nonomethacryl ate copol ynmer, or

conb{002B0pns tThercenfact TEAS nes1 Aoyitiingd Ghey Pyl§Hetiza€ QB! conddsitiOAPKAsS el
copolynmer fornmed of units of vinyl alcohol and/or glyceryl nononethacryl ate

and léllt?é’djfn%gﬂedeb GvHle M?;B&ﬁlib?fghlgl? ﬁ‘é\;{éﬁgﬁﬁooﬁt&&ﬁgﬁgﬁgg gfe{ tePrI efalﬁ?r[: ReLyswdric

al co can ormed o a gl'ycery

nono hacryl at e d .a nmonoper with bul k i de chain. .The copol yner, of
A B S Tt S e e PR AR R G (L T
the penetration of the copolyner into the bulk of the |lens body as conpared

t o acemtastilensipseshist Witbinghe Pt las shgnseeryibat el y t he same nol ecul ar wei ght .
The copol yner of the pol yhydric al cohol can conprise a vinyl al cohol and

vi ny[00231} ol | dbeeontagoleysrarold svay ireiybved| feahahe aneh amt hikowed &t ot apodbymer, a
vi nyl al cohol and gl yceryl nononethacryl ate copol yner, a vinyl alcohol and
phos piaggeydtureh@béur0c@nOl THEdontadt WY &&51Y hwas mechanically demolded to separate the

male and female mold members from each other. The polymerized contact lens product

remained attached to the male mold member.

[00232] The polymerized contact lens product was then mechanically delensed from the

male mold member to separate the contact lens product from the male mold member.

[00233] The separated contact lens product was then sealed in borate buffer saline solution

in a blister package to form a packaged hydrated contact lens. The lenses in the blister were

sterilized by autoclaving in aqueous solutions. The aqueous solutions used in autoclaving can

include wetting agents under evaluation.

Methods for Characterizing Lens Products

[00234] Water Break Up Time (WBUT). Prior to testing, a lens is soaked in 3 ml of fresh
PBS for at least 24 hours. Immediately before testing, the lens is shaken to remove excess PBS,
and the length of time in seconds that it takes for the water film to recede from the lens surface is

determined (e.g., water break up time (water BUT, or WBUT)).
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nononet hacryl ate and vi nyl pyrrolidone copolyner, a glyceryl

nononet hacryl ate and phosphoryl choline copol yner, conbinations thereof,
and t he Iwbeo113@b89] The conpl exi ng sol uti on can conpr iPs@/Usb@ofouassé

pol ynmer having the 1, 2 diol or 1, 3 diol noiety, and a second pol yner

e 1B ool ey, Lobided poflsRelin (TR0l ASE5- Bhe SHEISE, SohuRU0RE (1)

pol ymer and the second pol yner can conprise a wetting agent. effective to
i ncr 62 be tdsterminedaling roptge metbodsekrovab i, personsopk erdinagy skl iy thedtt- 9Tt o

i ncrease confort of the lens during wear, or both. [00190] The nethod of
t hi s esaapip) the advanaingeontantrnighes and netdiog coftattrapgles nfytha chytdetdemeses provledody .
The nethod of treating a hydrogel |ens body can conprise (i) providing a

pol y KereirZ adl B ERASEd LN 6 QaPtiveShubble MEthal. Aevsicingnmdnetediy warbkenthar m of
a boronic acid, boronic ester, boronic anhydride, or conbination thereof;

¢ g)en?f;lgl%flgfgiligdht% %ﬂ{ﬁ%ﬁéﬂt{tﬁ? 1EEBRCIR be @il RinglRfks PRA PR SR

cas e polynerizable conposition In a contact ens

nmol d assenbl y..tg forma pol ri.zed. reaction product that is an unconpl exed
hydr 6‘8@135 @H@bga'?%’f‘%’b’n%@ B dg5e %%owyﬁe?\ 136?{’8??‘51 ’ﬁ@"ﬁ‘&?‘@ sepiosceleid o
the at | east one polynerizable formof the boronic acid, boronic ester,

bor okPRtagtrangte hysteresis'c dousnal afi Cplloid ands biterfass | Seinee. 76l hildd7.0mp-1208-4E | east
one hydrophilic nmononer; and crosslinks formed by the at | east one

cr osahd riki Kgapikewski, WheKeadmn: tkutaktemkplneseohgby diacigelem dvithebroghPrinaip-Ein
advanci ng contact angle |l ess than about 120, a nodulus |ess than about 1.6
MPa, s@fistiRR& Anbatd &8 FehidRuASAINL", Chend-13cHATR/ Vo145, 1998, @5y UBNI §aneats.l ity

of | ess than about 120 Barrers, and an equilibriumwater content of at
Pat. No. 6,436,481, all incorporated in their entireties herein by reference.
[00236] As an example, the advancing contact angle and receding contact angle can be
determined using a captive bubble method using phosphate buffered saline (PBS; pH=7.2). Prior
to testing, the lens is soaked in pH 7.2 PBS solution for at least 30 minutes or overnight. The lens
is flattened onto a quartz surface and rehydrated with PBS for 10 minutes before testing. An air
bubble is placed onto a lens surface using an automated syringe system. The size of the air
bubble can be increased and decreased to obtain the receding angle (the plateau obtained when
increasing the bubble size) and the advancing angle (the plateau obtained when decreasing the
bubble size).
[00237] Static Contact Angle. Static Contact Angle can be determined using routine
methods known to persons of ordinary skill in the art. For example, the Static Contact Angle can
be determined using a captive bubble method, or using a DSA 100 drop shape analysis system

(Kruss, Hamburg, Germany). Prior to testing, the lens is soaked in pH 7.2 PBS solution for at

least 30 minutes or overnight.
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| east about 30% and (iii) contacting the unconplexed | ens body with a
first conpl exing solution conprising at | east one pol yhydric al cohol having
at | east woeolly@7980l or 1,3 diol noiety and conpl exi ngpratr/use@st4sIporti on
of the at Ieast one 1,2 or 1,3 diol noiety present in the first conplexing

sol uti f boronic i.es prese [ h.the
o Uhiaat | "Rl G2 he AL 5% Bos 3959 Bk 585 geamm? s R ERE sl
[00191] In a parti cul ar exanpl e wherein the hydr | ens, body conprlses a
hydr kg@vn topersens of @r@narwéﬂh@tth%artoﬁorthé@plenaleaesrﬁ%&r@@@ct lean Baving poM n
further conprise (iv) after the contact |ens has been contacted by the
firs# monplidhicag teotwitéwriramd saniskgart ] a lansr mdoynodulus dnnit;cifah can g t he
contact lens with a second conpl exi ng solution conprising at |east one

pol y bydfmhigedbroan@l intidl Blopk of Q@ﬁéss%ﬂﬁmlclﬁvéjd)&hméﬂ byl the wWhedle teRiacthe rated
conplexing at least a portion of 1,2 diol or 1,3 diol noieties present in

the ?6%8%&0{1?%{??%rﬁgﬁgﬂ}dgﬁsgfgat‘%m%s‘e% fIXe @ %Ql'hg' 40 froﬁ *3%4%%4%'&’0{% acid

nmoi et es presen ody pol yhydt Ico of 't I'rst
conplexi n tion he same as the polyhydric al cohol of the second
conmp[ea% 5@? P@WX1§i£tﬁ§A onhydric al cohol of the first conplexing
solution can be different fromthe yhydri c al cohol of the second

conpl®38y soPYQH rUptpbfongYOhihuBta& afr@m Slissr gobwions cae tked determainedsdfsgel

| ens body. The hydrogel |ens body conprises a cast nol ded pol ynerized

r eacexamplpy beuyel pefmeatioal ghi@natagilapky ¢GROYsifter oire teraest et place ooatldoter| ens
nol d assenbly to produce a hydrogel contact |ens body, the polynerizable

conpgsiutibP Bord SRRl SPUOHRolLEGSAt 868 tBRpdraREd aeb) Br b PrébeAbepdiddatitindcCi d,

boronic ester, boronic
for example, 48 hours.
[00240] Ionoflux. The ionoflux of the lens bodies of the present lenses can be determined
using routine methods known to persons of ordinary skill in the art. For example, the ionoflux of
a contact lens or lens body can be measured using a technique substantially similar to the
"lIonoflux Technique" described in U.S. Pat. No. 5,849,811. For example, the lens to be
measured can be placed in a lens-retaining device, between male and female portions. The male
and female portions include flexible sealing rings which are positioned between the lens and the
respective male or female portion. After positioning the lens in the lens-retaining device, the
lens-retaining device is placed in a threaded lid. The lid is screwed onto a glass tube to define a
donor chamber. The donor chamber can be filled with 16 ml of 0.1 molar NaCl solution. A
receiving chamber can be filled with 80 ml of deionized water. Leads of the conductivity meter
are immersed in the deionized water of the receiving chamber and a stir bar is added to the

receiving chamber. The receiving chamber is placed in a thermostat and the temperature is held

at about 35° C. Finally, the donor chamber is immersed in the receiving chamber. Measurements
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anhydride, or conbination thereof; at |east one hydrophilic nonomer, and at
| east one crosslinking agent; the hydrogel |ens body formed of a copol yner
conpri si /yopolyusesBzed units of the at | east one pol ynerczalsb@ofarses of t he
boroni c acid, boronic ester, boronic anhydride or conbination thereof;

pol ynmeri zed .units of the at |east one. hydr ilic, nmononer;.and crosslinks
f or mQY CBYIYCHYI, Cap g’ﬁst?keéln%ve@f gé&‘ﬁ“ﬁ?ﬁ%ﬂb*&%@%;%&?&‘ﬁ%ﬁé (fgﬂ%“%%so has an
advanci ng contact angle | ess than about 120, a nodul us | ess than about 1.6
MPa, immersiomed g doaerchamber diothe reeapingrehamber. The gondugtieity prasusdtiiBe daley of
| ess than about 120 Barrers, and an equilibriumwater content of at |east
abouth@0&be pal3im8hilyTheeanydr ogel | ens body can conprise an anterior surface,
a posterior surface, an edge and at | east one transparent optic zone. The

tr anwﬂm'ﬂ OmehﬁleZSﬂ@lg‘gl‘?.n TR el grhel §0a s Bsdy MinShddetetRiMd®4kinghe
hydr ogel [ens body can be an unconpl exed | ens body. The hydrogel |ens body

B T R e R O
O e SR ES S ikl SORL (STE R UM L BLEhl il e 8 CoRpl exed

nmol d surfaces fornmed of a thernoplastic resin.[00196] The unconpl exed

hydr det; Mdlag dsodhe clatermingd &Qmatbsém&im@gc@nﬂaﬁtona%‘l?e (Insren tGreporgtiont 100,

a nodul us from about 0.3 MPa to about 1.0 MPa, an ionoflux |ess than about
Norwood, MA, USA).

[00242] Elongation. The elongation of a lens body can be determined using routine
methods known to persons of ordinary skill in the art. For example, the elongation (%) can be
determined using an Instron 3342 (Instron Corporation, Norwood, MA, USA).

[00243] Oxygen Permeability (Dk). The Dk of the present lenses can be determined using
routine methods known to persons of ordinary skill in the art. For example, the Dk value can be
determined using a modified polargraphic method, as described in A single-lens polarographic
measurement of oxygen permeability (Dk) for hypertransmissible soft contact lenses, M. Chhabra
et al., Biomaterials 28 (2007) 4331-4342.

[00244] Equilibrium Water Content (EWC). The water content of the present lenses can be
determined using routine methods known to persons of ordinary skill in the art. For example, a
hydrated silicone hydrogel contact lens can be removed from an aqueous liquid, wiped to remove
excess surface water, and weighed. The weighed lens can then be dried in an oven at 80° C under
a vacuum, and the dried lens can then be weighed. The weight difference is determined by
subtracting the weight of the dry lens from the weight of the hydrated lens. The water content

(%) is the (weight difference/hydrated weight) x100.
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5x10 mMm /m n., an oxygen perneability of |ess than about 110 Barrers, and
equi libriumwater content from about 35%to 65% [00197] The conpl exed

hydr ogel wensiisdpscan have an advanci ng contact angl e lpesasthanssbout 100,
a nodul us from about 0.3 MPa to about 1.0 MPa, an ionoflux |ess than about

5x 10 mn Q Barrer and
eqw Bgﬁ]um V\g. lﬁ& gﬁén ?&ff;‘%a@]g %gg% %a%s%séf?&%ﬂ)%?dging‘lr ﬁgmlljenrélg&] txed
ro | ens bod n have an advancin ct angle | ess than about 60,

D TR o P02 Mok 3 B o GRom R hecis! (O e IdGIemEed e about
4x10 3 m2/mn., an oxygen perneability fron1about 55 Barrers to about 100
Bar rRehsler B gange dehiden lﬁwemnmt Epmpat, €astrd VeheyabutUS¥O6 t 0 65% [00199]
The conpl exed hydrogel |ens body can have an advanci ng contact angle |ess
t han about 60, a nodulus fromabout 0.4 MPa to about 0.7 MPa, an ionofl ux
| ess than about 4xI0 mm /mn., an oxygen perneability from about 55 Barrers

to aprutvEOBarrers, and an equilibriumwater content from about 40%to
65% [00Z200] This exanple is also directed to a hydrogel contact |ens

K Th I t | ded
ol y0UE61cq" SRR P BRLER 5 g pRS LB R b iiTiseb el PlRoelne n s
contact |ens Id assenbly to produce a hydrogel contact |ens body, the
pol Pyappda la?qé@lga £ bstove ohermudatiogs weve priepared by combiny (iadngredipnts in

the indicated unit parts based on the weight of the ingredients in the formulation.

[00247] An evaluation was conducted of possible agents to use to attach to the boronic acid
moiety present in the lens. Lenses containing a polymerizable agent with at least one boronic
acid moiety, specifically VPB in the formulation used, were prepared using the ingredients and
amounts shown in Tables 1 and 2 below, and then autoclaved in aqueous solutions of various
compounds shown in Table 3, to determine which of the compounds would attach to the surface
of the lenses. Sodium carboxymethyl cellulose (Na CMC), agar, glycerol, and polyvinyl alcohol
(PVOH) were evaluated. Samples lenses 1-12 used Formulation 1, wherein the lenses were
autoclaved in 1.2 ml of the indicated solution. Samples 13-16 used formulation Formulation 2,
wherein the lenses were autoclaved in 2.4 ml of the indicated solution. In Table 3, data is

reported for two consecutive tests performed on the same lens.
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formof a boronic acid, boronic ester,

thereof; (b) at

formed by the at | east

| east one hydrophilic nononer,
crossl i nkwogoagsm93 t he hydrogel
pol yneri zed units of the at
bor oni caci d, boronic ester,
pol yneri zed units of the at | east

[Feggulgtions labou umg partsy(

bor oni

bor oni ¢ anhydri de,
and (c) at
| ens body fornmed of a eopalsgemn4eses6rpri si ng
| east one pol ynerizable formof the

ydri de or conbi nation thereof;

]

drophilic

or conbi nati on
| east one

nononer, and crosslinks
rein the | ens body has an

advanci ng contact angle
MPa, an ionoflux less tH

HMGhout 7x1 0 1

m0/ min., ar

ulus | ess than about 1.6
oxygen perneability of

| ess than about 1 0 Barr

&ilscona@d an eqy

1261 bri um wg

about 30% (ii) a packag

DM Asol ution;

bpl) a cont

iter content of at | east
act | ens package base

menber with a cavity co

Nl

gred t o hot

(l e

| bhe ["ens

ody and the packagi ng

solution; and (iv) a sea

t-tach
EGMA

ra

re—base et

ber configured to

mai ntain the | ens body 3
for a duration of tine
package. [00201] The pa

LEGL)

N

Al it A
o at1 ull

Lf life

in a sterile condition
of the contact |ens

KESIIAYESs

I to a
ol uti o

19an conpri

se at | east one

pol yhydri c al cohol havin

dab 6Heast one

0,32 diol ¢

[ 00202] The at | east ong

r 1, 3 diol noiety.
di ol

Ipaltey OVEB) ¢ al ¢

ghol havi ng

at | east one 1, 2

or 1, 3 diol
packagi ng sol ution,

nmoi ety can be present

in the conplexing solution,
t he washi ng sol uti on,

t he hydr

t he

ation solution, and

conbi nations thereof, at a concentﬁgﬁk%n of from about 0.01%to about 10%

from about 0.05 to about 5.0%

fromabout 0.1 %to about 1.0%

EXAMPLES

Formulation: 2 unit parts (wt)
SIGMA 15

Silicone C 25

DMA 25

VMA 30

EGMA 5

TEGDMA 0.5

TEGDVE 0.6

Vazo 64 0.3

Linker (VPB) 3

[00248]

set forth in Table 3 below.
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[ 00203] The followi ng Exanples illustrate certain aspects and advant ages of
the present invention, which should be understood not to be limted

t her eby. Wbl0pzmst®3 percentages and rati os are by wei ghtrcunisesis/oi9sdé cat ed
ot herwi se. Materials and Met hods [00204] The foll ow ng abbreviati ons and
correspondi ng conpounds and structuyres,are used in the exanples. [00205]

Si GVA = (3- Met hacryl oxy- 2- hydr oxyp & oxy) propyl bi s(trinet hyl sil oxy)

met hyl silane. A structure thereof is: SiGVA [00206] Silicone C =

Mononet hacryl gxypropyl ternminated polydinethylsiloxane _A structure thereof
is: Sililcwmeleq Woromoppungy i s | nitgl PBRTs{ ¢ rli Y@Pﬁyfregbrve% oNBW afen 1 or opy |
net hacry| ate. |AV&Y ifctture t hEFOBIY is: Trish SGE)‘%@%] DIvip Week in origirial
=N, N- Di net-hytaWi%g do 1002091 VA = N-SENUD N et motiiiontsesondsh, | 1 00210]
y _ ] ]I U\liyma;:t:m¢au L U\I:z] vVI~\ _OVQIIyI N me T {)’ \VAVISRCIN N R | wiN
MVA = Meay—rerbacryiate—{-002 - —HEMA = fiyaroxyethy—rethaerytat e.
AN —‘Omﬁ {: ~l un:Iil fataat 2l ~ AW | at hOApI ot -haerasd .Q*Cn [ilfaYate ki o) —
[00212] |_3uvr\ I%LAI II‘CIIC gt y\lzlz IICLIIyI CLlld,b meTimactT ytT %Ld: [ VUZ1O] EG:)IVA
Et hyl ene glycﬂ ﬁyAééhacryl"ﬁﬁ. dO dO
5 1% Glycerol 0,0 0,0 0,0
6 0.1% Glycerol 0,0 0,0 0,0
7 1% Sucrose 0,0 0,0 0,0
8 0.1% Sucrose 0,0 0,0 0,0
9 0.5% PVOH 20, 20 20, 20 20, 20
10 1% Glycerol/PVOH | 20,20 20,20 20, 20
(1:100)
11 0.1% Glycerol/PVOH | 15, 17 12, 15 20,20
(1:100)
12 1% Glycerol/Na 2,2 0,0 0,0
CMC (1:100)
13 1% PEI 25K 1,2 0,0 0,1
14 1% Jeffamine ED- 1,1 0,0 0,0
600 polyetheramine
15 0.5% PVP 1300K 1,1 0,0 1,0
16 1% Lipidure®-HM 0, 1 0,0 0,0
[00249] Starches and other compounds with a structure where adjacent atoms have a

hydroxyl group bonded to each of the atoms, such as vicinal diols and compounds with a 1, 2
polyol structure, were expected to bind similarly to the boronic acid moiety, but this was not
found to be the case. Other known comfort and/or wettability enhancing agents, including
polyetheramine, poly (vinyl pyrrolidone), and 2-methacryloyloxyethyl phosphorylcholine (MPC)
were evaluated as well and were found not to attach to the surface of the lenses. It was found
that only the solutions containing a polyhydric alcohol with a backbone comprising at least three
carbon atoms, the three carbon atoms bonded in a row as a carbon atom on the right, a carbon
atom in the middle, and a carbon atom on the left, wherein one and only one hydroxyl group is
bonded to the carbon atom on the right and to the carbon atom on the left, and a hydroxyl group

is not bonded to the carbon atom in the middle, produced wettable lenses. Without being bound
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[00214] TEGDVA = Tri (ethylene glycol) dinethacrylate. [00215] TEGDVE =

Tri (et hyl ene glycol) divinyl ether. [00216] VAZQ(r) 64 = 2,2 '

- Azobi z(iwohwotyusesytril e). [00217] UV 416 = Cyasorb UV- 2t6/Uscamo®svec,

2- (4- benzoyl - 3- hydroxyphenoxy)ethy lacrylate. [00218] VPB = 4-vinyl phenyl

bor oni c,aci d. 0219 BS .= phaos t ff . ).
(00238 Rend: 5 SR Eh (B T RERg 1 udiire b S APO T rle B pidecd th

Pol y( et hyl enei m | uti on M -2500. [00222 VOH = i nyl .al cqhol

oL KouA R e B BT SeeeBRe Sl PG
Houston, TX, USA, including MONOL(r) 4-88 (MM31K), MONO.(r) 8- 88 (67K),
MOW @hlym)erikz8blg Sofra8 OR)bordvidNactl( bindd Gnegpectediykivell MOMhGE (W fadks, SSultingsiK) ; PVOH
98- 99% ( MAE146- 186K), PVOH 96% (85- 124K), PVOH 87-89% (13-23K), PVOH 87-

89% (tigcke SHfdces EMbitiAE a8 Yerdifig b4 inett8biti B Wiet dxtbndbd Gifie) period$) 22 Fis study,
JEFFAM NE(r) ED-600 pol yetheramne = an aliphatic pol yether diam ne derived

from R | | (It S TBIR SERBRRNALON.

The \%Sﬁf@%)s, ﬁ%%@ﬁf&ﬂf&@%‘%ﬁ@?ﬂuﬁ@éﬁ%g@ﬁ@ﬁ% f\e/i ny?%%r_rolsi done Mv ~

1300002251 NPC = 2T 1 M. 4L S PHSRRM IR b RLHES(1).
of a wettable lens surface was considered to be an indication that the test compound (for this

study, a polyhydric alcohol with a 1, 3 polyol structure and which comprised at least 5 pendant

hydroxyl groups, specifically a form of PVOH) was present on the lens surfaces.

EXAMPLE 2

00250} A series of contact lenses were prepared with the polymerizable lens compositions
as shown in Table 6. A series of contact lenses were prepared with the polymerizable lens
compositions as shown in Table 4. Formulations were prepared by combining the ingredients in
the indicated unit parts. The amount of VPB is varied for purposes of this evaluation.

[00251] This study was conducted to evaluate the effect on water break-up time (WBUT) of
concentration of a polymerizable agent with at least one boronic acid moiety in lenses of similar
formulations. The PBS (phosphate buffered saline) used was 20mM, pH=7.3. One lens of each
type was tested repeatedly at subsequent time points; data reported (e.g.: 5, 6) is for the first and
second tests performed on the same lens. For the measurements of WBUT, after briefly washing
the lens with 5 ml PBS, the data for this time point were collected on the different lenses and
then the other time points. As to the test conditions of the lens tested in 1.2 mL PBS, lenses were

placed in 1.2 ml PBS and shaken at 37°C at a speed of 100 rpm. WBUT of the lenses was
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Tokyo, Japan). [00226] VB6= VAT Blue 6 (7, 6-Di chloro-6,

15-di hydroant hrazi ne-5,9, 14,18-tetrone). Preparation of Contact Lenses
[00227] Pwbynawiszeabl e | ens conpositions were prepared bPCEIUS2010/0¥EDé OUS
conbi nati ons of the ingredients and conponents as indicated by sone of the

t abl bel ow. .The | ens for atjgns re.for inta | ens in the.

ol 1SRG aBrnr ke SdHi3 ohiite B ot 2 PRRZE hattad soSertal Bebvigionor ded
from non-pol ar pol ypropyl ene resin usin? conventional injection nolding

t echnivege élsto'élﬁﬂecg'qﬁg ra ot 2 08k PYEH QW (1461 torbBeK.i §7c8Ud by deelzedsodutian d
menber that includes a concave optical quality surface for formng the
frontin 8BSf ace of the contact |lens, and a nale nold nenber that includes a
convex optical quality surface for form ng the back surface of the contact
| ens. The fermal e nold nenber can be understood to be a front surface nold,
and the mal e nold nmenber can be understood to be a back surface nold.
[00229] An anmpunt (about 60 m of ftIlablepol ynerizable | ens conposition was
pl aced on the concave surface of the fermale nold nenber. The mal e nold

menber was pPlRaRekibd| CORt adt i t|h tshe [fegal € nol d[ mejrber such |t hat the
pol ynmeri zablie | ems copgeasit|i on s logated in a cpntact] ens shaped cavity
forned betwgen the conaave |Sukif dcemaf [t heitf ¢mahie (oLdt medaeirtsgnd t he convex
surface of the male polpdtsneniees . Pae mabstsnol partsererts was (W@l d i n position
by an inter fleingndientf | t (et weér) a peni phéwal |r ég) oh oft) the fenal e and mal e
nol d menber 3. SIGMA 25 25 25 25 25 20 15
Silicone C 20 20 20 20 20 25 25
Tris 0 0 0 0 0 0 0
DMA 5 5 5 5 5 20 25
VMA 38 38 38 38 38 30 30
MMA 12 12 12 12 0 0 0
EGMA 0 0 0 0 12 5 5
TEGDMA 0 0 0 0 0 0.5 0.5
TEGDVE 0.8 0.8 0.8 0.8 0.8 0.6 0.6
Vazo 64 0.3 0.3 0.3 0.3 0.3 0.3 0.3
UV 416 0 0 0 0 0 0 0
VPB 0 1 2 3 3 3 3
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[ 00230] The contact |ens nold containing the polynerizable | ens conposition
was then placed in an oven where the polynerizable | ens conposition was
cured at wotempsrasure of about 100 C for about 30 m nuPeI/USAIDAHISGEIT i NQ,
the contact | ens nold contained a polynerized contact |ens product within
the contact |ens shaped cavity. [00231] The contact |ens nold was renoved
fromthe oven and allowed to cool to roomtenperature (about 20 C). The
contact | ens nold was nechanical | y kol ded to separate the male and fenal e
nmol d nenbers from each other. The polynerized contact | ens product renai ned

attached to the male mpld nmenber. [[00232] The pol yneri zed contact |ens
product was then nechanically delensed fromthe nmalle nold nenber to
separate the c¢ontact | ens product firomthe|mal e nol|d nmenber. |[ 00233] The
separ at ed cont &&Mulaiis B! édﬂct Was [t hed seal ed!lin boraté buffler saline
onees T o R oo | P o e ol o
K AT T voT O AR L A %] oy U T OoT UV LI b5 ) T agoTy .
The aqueous sol ?nfﬂﬁ? ised in autodlaving ¢an include wetting agents under
eval uati on. I\/Ea\t h@@"@i) o] %@r E‘C‘i.?{sl Zi ”931156”550.553%61.b'gSo.jogcg.}ﬁ Wat er Break Up
Time (VBUT). Priggggfd testing,—a tens tssgpaked tn3—nt—offfesh PBS for at
lleast 24 hours. |ypgdi at gk bebpise |t egking) o kN8 bRNS ol PsphAKEN tO remove
excess PBS, anmdt fengtih off tTmeim seconds that it takes flor the water
filmto recede grttibikhe | ens [surface is
(wt %) - - 9.20 9.46+0.22 11.0£0.41
Tonoflux
(mm*/min) 3.52 5.85 2.55+0.30 7.19+0.49
EWC (wt%) | 56.42 - 5231 51.07+0.70 | 56.13+1.27
Lens
Diameter 15.7, 15.9, 13.7, 13.9,
(mm) - - - 15.9 13.8
Elongation 223+10 21315
(%) - - -
CT (mm) - - - 0.134+0.006 | 0.097+0.002
Dk (barrers) - - - 54 R
Initial
Advancing
Contact
Angle
(degrees) - - 56.4 - -
Advancing
Contact
Angle - - 62.2 - -
Lens clear,
Appearance - - - - colorless
Delensing
Observations - - - - easy to delens
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determned (e.g., water break up time (water BUT, or WBUT)).[00235]

Advanci ng Cont act Angl e/ Recedi ng Contact Angle. The advanci ng contact angle
can be devermmsdsvasi ng routi ne nethods known to per songcofuseridiomsoy skil |
in the art. For exanple, the advancing contact angles and recedi ng contact
angl es of the contact |enses provi ig&'gggrei n can be neasured using a
captive bubble method. Advancing a edi ng water contact angl es of

si |l i cone_hydrogel contact Ipncpc can he determ ned using Kruss DSA 100

i nst f unmehe PRFSiss |GYBHT 2o Taﬂ%{n( Uaég‘?frl be¥BYhafly” A ‘ﬁ?’%d‘?eéth'
"Dynami ¢ contact 4& g!t"é?"%gn er edpeki “gm ?L gljin Il oi d
and Interface Sci end&%k wm]]n ff? i[ n';z% hrf%ﬁ‘? M
Kudr a: Kont akt wi nkel nessunge N dem %l m fraﬁo an%hg}tll2 cher
Ansatz zur Fehierbeurteilung (sechiM Techni o“2h m Q3(24m%to 9 185,
and U. S.roRadiatioNo. |6, 436,481, all i1'ncorporated in Jgg;ngs enti r glebfdsynerjei n by
ref efence (coh®)236]| ASaan exanplie; the adganci ng con@@ct angle gnd regedi ng
contact angie can |[be2geber m ned-usi Nng a>mHaphi Ve buﬁang meghod [9Sg Ng
phosphat e buffered sabj-ne (PBS; -pH=72)>20Pr200r |t 0 >beshbo ng,| thasliens I|s
soaked in p#H 7.2 HBS-28020it i on>Topr20at || east >B0 M nubes2or over ngght. The
lens|is flattened jort20,>@0quart z-surf ace>aneor ehydr-at,eth w th PB&>Ror 10

mnutes before testing. An air bubble is placed onto a Iens surface using
an automated syringe system The size of the air bubble can be increased
and decreased to obtain the receding angle (the plateau obtai ned when

i ncr ¢geRsRY t haehBURRAYE H1ad€)fr@RdfothflaAok2 0GhR=IRNE! forht BE aR! 8hIRRAMNRENIR ned
when decreasi ng the bubbl e size).
acceptable acid (VPB, a polymerizable form of boronic acid) displayed good initial surface
wettability following autoclaving in 0.5% PVOH solution, while the lenses made from
formulations that did not contain the ophthalmically acceptable acid, VPB, did not show good
initial surface wettability following autoclaving in 0.5% PVOH solution. After shaking in fresh
samples of PVOH-free PBS for 6 hours, the lenses made from formulations containing 1%, 2%
and 3% VPB showed good wettability. While shaking for an additional 6 or 12 hours in fresh

PVOH-free PBS decreased the surface wettability of the lenses containing VPB, the lenses made

from formulations containing 3% VPB still retained good wettability at the end of the study.

EXAMPLE 3
[00253] An in vitro kinetic study on the wettability of the formulation 1 was conducted.
Contact lenses were prepared with lens formulation 1, which was described in Example 2. As a
control, commercially available BIOFINITY® contact lenses were used (CooperVision Inc.,

Pleasanton, CA, USA). Formulation 1 lenses were packaged singly in 1.2 ml PBS (20mM) with

a 0.5% PVOH solution (made using MW=146K-186K PVOH 87-89% hydrolyzed, 99.9%
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[00237] Static Contact Angle. Static Contact Angle can be determ ned using
routine met hods known to persons of ordinary skill in the art. For exanple,
t he St atiwoContmcto3Angl e can be determ ned using a capt ipce/usadablogosset hod,
or using a DSA 100 drop shape anal ysis system (Kruss, Hanburg, Gernany).

Prior_to.testi t l.ens is,s9aked in pH 7.2 PBS solution for at |east 30
i nosbBar 5305 0 5 08s) FD e BeendrhE i ipc Baipetatirg B oy oo
determ ned usi ng. routine nethods known to persons of ordinary skill in the
art . rRekaged sipglein bliskarysing 34 mbRBAZ0mM) penpackage- aBveilens wamtesiask for éhen be
cut out froma central part of a lens, and nodulus (unit; MPa) can be

det erdi med téstohivanlensdstwet testaglpfor dife 48 bourasd- Atlrlenses sweres/shakbr ai 3EA diya t he
tensile test at the rate of 10 mMmimn in air at a humdity of at |east 75%
at 2558&:d, of! 300" epraAn 1316 ] BB EA Ahé BNtk PRt aThO fest NRHNOSE, sethbrtRA) -

[ 00239] PVOH Upt ake. PVOH uptake fromblister solutions can be determ ned,
for e, by gel perneation chromatography (GPC) after the lenses are
placed 1 n'a blister solution containing a PVOH solution at roomtenperature
(RT) for a prescribed period of ti qe fi)r exanpl e, 48 hours. [00240]

| onof | ux. The ionoflux of the |ens —I@Q@Fes of the present |enses can be
determ ned using routine nethods known to persons of ordinary skill in the
art. For exanple, the ionoflux of a contact lens or | ens body can be

measur ed usFergulationd hni| daenuitityslt ant|i Retrhujatign hietsesr  t|Cotthvé " | onof | bix

Techni que" | 8slémg B | n) lagsesshapaRd  Nohaksn @aber @4 hry. | Bepkenddarpl e, the lens to
be hrs. in 3.6 mi fresh PBS

(48 hrs. total)

Property

WBUT (seconds) 15 to 20 12to 15 Not tested
Static Contact 35.6 353 35.7
Angle (degrees)

Advancing Contact | 47.4 50.1 46.5
Angle (degrees)

[00254] As shown by the results in Table 7, the static and advancing contact angles of
lenses made from a formulation containing an ophthalmically acceptable acid, and which were
contacted with a solution of a 1, 3 polyol with at least 5 pendant hydroxyl groups, were
determined and found to be approximately equivalent to the control, i.e., the commercially

available BIOFINITY® lenses.

EXAMPLE 4

[00255] Contact lenses were prepared with the polymerizable lens compositions as shown
in Table 8. The indicated base formulations were previously described in Example 2. This study
was conducted to evaluate the effect of contacting solution concentration, the contacting solution
comprising a solution of a 1, 3 polyol with at least 5 pendant hydroxyl groups, on the wettability

of lens formulations containing an ophthalmically acceptable acid when the lenses are autoclaved
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measured can be placed in a | ens-retaining device, between nale and fenal e
portions. The male and fenmal e portions include flexible sealing rings which
are posi twoned/i3esmeen the | ens and the respective nal epar/usenmloessperti on.

After positioning the lens in the |ens-retaining device, the |ens-retaining

device s in.at aded .1 id. be to
o 1 8 e e ERRE seih- TR RS B dampelrbLuwif a8 Fe'f‘i% eggwt@,ﬁgrfgyggr%o,;y

nmol ar NaCl solution. A receiving chanber can he fi Hi

dei orissdwandVOH witiaweight Wéag@qurmlg«htr%tlé%é? é%lﬂn%i'%%é liy rqlY?éd—

dei oni zed water of the receiving chanber and a stir bar is added to the

r ecei Thenlgnseh awveoe plac&him 3.6 adi RBShendcshaktreat 375C pt aspebdiaf 180trhesr NOBUAtof dled t he
tenperature is held at about 35 C. Finally, the donor chamber is imersed

i Nt Nendes &Rk MbtefnEB@ ARG aut VBRASIY MdRIKES SHak TRTILES hotird.y can be taken every 2
m nutes for about 20 m nutes, starting 10 m nutes after inmersion of the
donor chanber into the receiving c . The conductivity versus tinme data

shoul d be substantially linear. [O Tensile Strength. The tensile
strength of a | eps—bedy—ecanbedetermpedusing—roeuti-pre—et hods known to
persons of ordi nary—skitiOTIYEORe ore  For karpHe—pi ecesof a contact |ens
having about 4 nfrwi-cthi GSREtons oyl oo o cont ol of a lens, and
t |g i th E: ns a tocla'ﬁéﬁffmi’ Vba t'W Ta f’fc"LW D"L . '
ensiie streng lo ed%éin@en%o € J

o r ahLik&5iaNg using an
I nstron 3342 (Ins o con L{%%smqf 242] El ongati on.
The el ongati on oi a Iens body can be d term ned usi nggg out i ne net hods known

to persons of ordinary skill in the arf. For exanpl®econddpe [el ongation (%
can be 0.5% PVOH >20, >20 16,17
0.25% PVOH >20, >20 15, 16
0.1% PVOH >20, >20 10, 10
0.05% PVOH >20, >20 15, 14
0.01% PVOH >20, >20 55
[00256] The lenses of formulation 7 autoclaved in all the concentrations of PVOH solution

showed good wettability initially after autoclaving. After shaking in PVOH-free PBS for 24
hours, the lenses that had been autoclaved in 0.5% and 0.25% PVOH still showed acceptable

wettability.

EXAMPLE 5

[00257] Contact lenses were prepared with the polymerizable lens compositions as shown
in Table 9. Lenses were prepared using polymerizable composition formulations designated as
Formulation 8 (control) and Formulation 9. Formulations were prepared by combining the
ingredients in the indicated unit part amounts.

[00258] The uptake and release of a 1, 3 polyol with at least 5 pendant hydroxyl groups,

specifically a form of PVOH, from a lens made from a formulation comprising an
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determ ned using an Instron 3342 (Instron Corporation, Norwood, MA, USA).
[ 00243] Oxygen Perneability (Dk). The Dk of the present |enses can be

det er m nestousimg7swsut i ne net hods known to persons of or @cmarsgoisloudsbe i n t he
art. For exanple, the Dk value can be determ ned usi ng a nodified

pol ar t r b I ns oqr

nmeas u(r%erre%lcaﬁo%gg tﬁﬁ%egrreabp?c ]tdcalll%' Dﬁl) 5?1391 ﬁ tflp ansﬁf sagll B)E) E{hélé?lf al%?’ont act
| enses et al Bi omaterial s 28 (2007) 4331-4342. [00244]
Equ.mcs?n%h}?w?ﬁ’%&me&ﬁm%) The water content of the present |enses
can be determ ned using routine nethods known to persons of ordinary skill
in the art. For exanple, a hydrated silicone hydrogel contact |ens can be
renoved from an aqueous |liquid, w ped to renove excess surface water, and
wei ghed. The wei ghed | ens can then h@lg¥ied in an oven at 80 C under a
vacuum and the dried | ens can then be wei ghed. The weight difference is
determ ned by subt a%hﬂ e gt frh dry tgns fromthe wei ght of the
hydrated | ens. Thew gr%‘i‘%ﬁ?k z%%ﬁgzl)t re—(we % %)uerence/ hydr at ed
wei ght ) x|oo.[0024u} Qight ;o L arts vt Lﬁ’%‘t e|CT can be

AsEdH Frre
determ ned using r Hfl“ t hods knowh to persongof ordj nary skill in the
art. For exanple, LheSdiforaf be det e ned |usi ng 2 Rehdef ET gauge (Rehder
Devel opnent Conpany, Cd3Wo Val|l ey, GA, USA). EXABPLE 1 || 00246] A series of
contact | enses were prepeiaed wijt h t hgg pol yreri zalgoe | ens| conpositi ons as

shown in Tables 1 and g ow. [Fornulpati ong were jprepared by conbining the

""if

ingredients in EGMA 12 0
TEGDVE 0.8 0.8
Vazo 64 0.3 0.3
VPB 0 3
[00259] The resulting reaction products (lenses) were hydrated and autoclaved in 20 ml of

PBS. For the purposes of this experiment, the lenses were subsequently soaked in PBS (20 ml)
for 3 autoclave cycles (20 min. per cycle) in order to remove any leachable materials from the
lenses which could interfere with the analysis of PVOH by GPC chromatography. For
manufacturing purposes, the three additional autoclave cycles could be omitted, as could
extraction with an organic solvent or a solution of an organic solvent. Initially, three lenses
processed as described above were soaked in 3 ml of 100 ppm PVOH solution in PBS (the form
of PVOH used was MOWIOL® PVOH, 40-88 205K, 88% hydrolyzed). At each time point of
the study, the lenses were transferred into fresh 100 ppm PVOH solution, and the concentration
of the PVOH solution that the lenses were transferred out of was quantified by GPC using a
standard method. Based on the concentration of PVOH remaining present in the solutions at the

time points, the accumulated uptake of PVOH per lens was calculated for each time point.
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the indicated unit parts based on the weight of the ingredients in the
formul ati on. [00247] An eval uati on was conducted of possible agents to use
to attachwDaotims7¢3er oni ¢ acid noi ety present in the | eneCThSREOS49506t ai Ni NQ
a polynerizable agent with at | east one boronic acid noiety, specifically

VPB f I d th di ent
arourlP@eoun 1 FHBRLbERE Ry BrsREAtaa ek (SiFG0 B¥h a7 e dobde

sol uti ons of vari ous conpounds shown in Table 3, to determ ne which of the
conpotieitrsl WollG &t thscshopw bhdhesrasplic i BIG ¢ hethe derses madg dising foamplasigne: hy |

cellul ose (Na CMC), agar, glycerol, and polyvinyl alcohol (PVOH were
eval abrechl), Sethpluea podgrmakzaﬂz}ela%emswdhlémlemﬂ aitd borodic ashiermeiaty,twerelfemske® wer e
autoclaved in 1.2 m of the indicated solution. Sanples 13-16 used

f or mibiad iPsh E@rragél Git7.Pg @V(Mﬁl’érﬁ'dgnh%ﬁle' BREES, Wed 6 p glﬁmhﬂyr%daﬂepa% firsi  of

t he |nd| cated SO utlon In Tabl e ata is reported for two consecutlve
tests ne | I 00248 sul.ts.for
da q{ongdﬁlt%}i ocI ao\j[_zgvasr}glf%l R IB the %Jn tY}B'ﬁrai g S aﬁ?é aélgt rt h in

pr epar enses au | ei ndica
Tabl e abl e 0249] St arches an ot her conmpounds wi.ith a structure
\Aherénéai?%dcéﬁtt tsw mAds| ugnguioTBibey %o cedalng: HR ast s,
such as vicinal diols and corrpounds with a 1, 2 polyol structure, were
expecbthalraicail dccsptablezadids wae forndiiorcontinucaloi takarop etly 3 fmigoltwiths atwksst ot
found to be the case. Gther known confort and/or wettability enhancing

agentgendam dlydsbixg gaby,edpbefisaiynBy OpR Ifiont Wienydlutinr 6@k itto D@ Haysa§t@died. The
2- met hacryl oyl oxyet hyl phosphoryl choli ne ( MPC)

lenses were found to take up an average of 17.9 ug PVOH/lens over the 10 days.

EXAMPLE 6

[00261] Contact lenses were prepared with polymerizable lens compositions of
Formulations 8 (control) and 9, such as described in Example 5. For purposes of this study, the
PVOH release by lenses of formulations 8 and 9 was evaluated.

[00262] Sixteen individually packaged lenses made using formulations 8 and 9 were
prepared. The lenses were soaked individually in a 5000 ppm PVOH solution in PBS (the form
of PVOH used was MOWIOL® PVOH, 40-88 205K, 88% hydrolyzed). The lenses were soaked
for 7 days after autoclaving to fully saturate them with the 1, 3 polyol with at least 5 pendant
hydroxyl groups, in this experiment a form of PVOH. After soaking for 7 days, the individual
lenses were blotted to remove any additional solution, and were transferred to 10 ml of PBS not
containing a 1, 3 polyol with at least 5 pendant hydroxyl groups, and stored at 35°C for the
duration of the study. At each of the time points, a sample of the PBS was removed from each

vial and analyzed using GPC. Any sample remaining after the analysis was returned to the vials
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were evaluated as well and were found not to attach to the surface of the
| enses. It was found that only the solutions containing a polyhydric

al cohol wwohown/i3asdbone conprising at | east three carbomcatusosip/oudsest hr ee
carbon atons bonded in a row as a carbon atomon the right, a carbon atom

int 1.0 , a_carbon atom t eft.. wherei n d onl.y one
hydr g%/ eg\g%lggv eﬁxgg%%rﬁ%g&o tgratgﬁeat ég%gﬂt%a+8%e’8ﬁ1T%BOWF&ﬁ}ee%ﬁ(g apgly?ﬁév ®ar bon
atomon the left, and a hydroxyl gr,ouP, is not bonded to the carbon atomin
the AeRfrcied wingya stwdand: mathed and ratibratio stagdards of 180 g2 AE®r 91-08t i s
believed that this particular structure of polyhydric al cohol, when pl aced
i n copmagd.>Appm, snd FheEpp PVEH svengusedr ns of opt hal mical |y accept abl e
acids, including polynerizable forns of boronic acid, binds unexpectedly

vel | [¢0268)1es e ThEPNASE SrelehRSBY fenbd dfMfolhBRBorSUS (AR GS afd bi (B t) $8 pRRRd in
retaining good wettability over extended tinme periods. In this study, a

for megd PVQH %%C& PR SY% st HEL HGSy £ %ﬁt%ﬂgﬁj 3}1% gf’wé’r%'%%ﬁl 15 ;E)lﬁbl e

;
| ens’ surfaces when used To trea ai nin yherize oni ¢
acid iety. In these studies, the. presence of wettable | ens surface was
consf‘goféqsﬁd%t%’ efftgeéﬁ ﬁe%él'ﬂgIgY Sgﬂe‘ﬂsh&’ftgtnh etqsé%tt t“@oﬁ%%nﬁ‘e( #%"inulaﬂf’% %SIFHW, a
pol yhydric al cohol with a 1, 3 polyol structure and which conprised at

| eastelespdglighily morer BYOH gresibs cowpreef thecstudyy bat fiarasigiifirvOidmonat moresent
on the lens surfaces. EXAVPLE 2 [00250] A series of contact |enses were

pr epdhe dormuldtidnh@ corattol arseg didl wot Irelessecddpionalt PO d@simghhematemtihalpointd. A
series of contact |enses were prepared with the polynerizable |ens

COMPaHE tda@N FroRP tRNOMA iftakka BluBy 4has FeA UL Sn WBEL pRk GBaNIRS Y thAMRENI Ng
the ingredients in

formulation 8 lenses essentially released all of the taken up PVOH during the first two hours of
the study (within the margin of error of the study), while, after at least 8 hours, the formulation 9
lenses retained most of the taken up PVOH (an average of 17.9 ug PVOH/lens taken up less an
average of 5.9 pg PVOH/lens released after 2 hours left an average of approximately 12 pg
PVOH/lens remaining in or on the lenses after 2 hours).

[00264] Additionally, it was noted that the lenses made using formulation 9, which
contained an ophthalmically acceptable acid, specifically a polymerizable form of boronic acid
(VPB) and which were contacted by a solution of a 1, 3 polyol with at least 5 pendant hydroxyl
groups, were found to be wettable, while the lenses made with formulation 8, which did not
contain an ophthalmically acceptable acid but which had been contacted by a solution of a 1, 3

polyol with at least 5 pendant hydroxyl groups, were not found to be wettable.
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the indicated unit parts. The anopunt of VPB is varied for purposes of this
eval uation. [00251] This study was conducted to evaluate the effect on

wat er br esb-20p/378¥8 (VWBUT) of concentration of a pol ynerczaisb@omagesps wt h
at | east one boronic acid noiety in |enses of simlar formulations. The PBS

(phomf ered saline) used was 20mM pH=7.3. One |l ens of each type
was t eatedly at subsequent tine points; data reported (e.g.: 5, 6)

is for the first and second tests perfornmed on the sane |ens. For the
nmeasuPfR®Mt s ob sewrgol cantagl lemsep avers pigharrd mdthtthe pelsmsrigabilegs gpmpgsiionshe
data for this tinme point were collected on the different | enses and then

t he cishdwowni imeTgde 10s vsidg foonudlagont &swhwhneas densbaf int Reathple, taasthedasan 1. 2
m. PBS, |enses were placed in 1.2 m PBS and shaken at 37C at a speed of

100 rfprhulMBbH Tk 16dies bERHAEIaNES U e SdrRtedlitleh seitdsQFsautibgs GNd 33folydls
shaking for 6, 12 and 24 hours. Lenses of all fornulations were autocl aved

in 2.4 9 t.0: : - 89% hygr e hon in
pos. $uBiet Ry Pl Y MoDAS i s BB A I ey e
cont ai ni orm of an ophthalmcally acceptable gcjd PB, )

pol yﬁ@PF@ i%?r@ﬁxsmﬁrwa@ﬁ Em?le%/a)c%td)aﬂ %‘H}"S@rtgadloﬁﬁrd’&aiﬂﬁﬁ Y‘.‘Bﬁﬁgt}ﬁ%wlﬂng
wettability follow ng autoclaving in 0.5%PVCH solution, while the |enses
made lepnsst Way mﬁl@?etti:d)?{@n@dsaaf feimaulaidan toast daserihedan diianivdd % werkel prepeeesepdabl e
acid, VPB, did not show good initial surface wettability foll ow ng

aut oglaakaged ih . 20mb HBRVEItAnihg ttheothdicAfedayps bBRVOUL atnthé itBtutahogucesraiion,
PVOH free PBS for 6 hours, the |l enses made from fornul ati ons contai ning 1%

2%  autoclaved, and maintained at room temperature for 2 days. The lens packages were then opened
and the lenses were transferred to 3.6 ml PVOH-free PBS, and shaken at a speed of 100 rpm and
a temperature of 35°C for the indicated amount of time. At the indicated time points, the water

break up time for the lenses was determined along with the static and advancing contact angles

(both determined using the Captive Bubble method).
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and 3% VPB showed good wettability. Wile shaking for an additional

hours in fresh PVOH free PBS decreased the surface wettability of the

| enses cowmbanni/a3gsyPB,

stil

An in vitro kinetic study on the Li@ blity of the fornmulation 1 was
| enses were pre

conduct ed. Cont act

6 or

12

the | enses made from fornul ati ongcrast@ionissgs 3% VPB
retai ned good wettability at the end of the study. EXAMPLE 3 [00253]

with lens fornmulation 1, which was

described in Exanple 2. As a control com i | (r)
contlact P¥QEddseder e |us&elq@spoper WHWh | hc Statis| (eqiidaght op, Advencipg Hontact
Fornul ation 1 | enses| WimePpitklageecosidelgl iy Angle (JegrdesPBS (20gifdegecs) a 0. 5%
PVOH s0l59t PYOH,98de |usi ng MAE146K- 186K PVOH 87-89% hydr ol yzed,
99. 9% uwiods NydrogdédC! |aved nbge ni nuses20121 C, )35.@nd kept at r4jodn
t enpeT gliar py og_days, then packaged sipgly rn blistefs using 3.6 m PBS
(20mM 99%13&9@81’9&3' mg&hgﬁﬁ was 1t2‘i$t1§d for thg 24 hour testssyfwo | enses
wer e t((—‘)"*" V." 9 he— 48 hott test—Art—tepses—were stakenm at— 35Cat—a speed
of 100 ?Sléﬁ]"mma@m PBS for the indicated ti oint.| The te results are
set Ot rolyged 7 THERS 7 [ndﬂrta]l As th\/\ﬁénjl the Fesults |$1 Table| 7,
the static and advancing contact angles pf |enses madelfroma formilat|on
cont [ai (5% P&\fOHp%-ha'l m cally acceptable acid, and which were contacted|w th
a so| utdoonhpdrodzdd 3 pahyolrswi t h 18tioReast 5 pedfdaint hydroxyl .bups, were
det ef np hed} ndHf ogind To be appf oxi matel'y| equi val ent to|the control, i.¢e.,
the lcorgy £ @blyyed 48 hours 10 t0 13 38.4 62.0
0.25% PVOH, 98-
99% hydrolyzed 5 days 15to0 18 37.4 68.2
0.5% PVOH, 96%
hydrolyzed 24 hours 151020 38.4 60.8
0.5% PVOH, 96%
hydrolyzed 48 hours <8 35.5 60.7
0.5% PVOH, 96%
hydrolyzed 5 days 13t0 16 36.2 68.3
0.25% PVOH, 96%
hydrolyzed 24 hours > 20 38.4 63.8
0.25% PVOH, 96%
hydrolyzed 48 hours <8 38.1 68.3
0.25% PVOH, 96%
hydrolyzed 5 days 15t0 18 37.5 70.4
[00266] Use of all of the PVOH solutions evaluated with these lenses was found to result in

lenses that maintained good WBUTSs and good static and advancing contact angles for up to 5

days, suggesting the lenses remained ophthalmically wettable for the duration of the study.

EXAMPLE 8

[00267]

A series of contact lenses were prepared with the polymerizable lens compositions

using formulation 1, containing an ophthalmically acceptable acid, specifically the polymerizable
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avai l able BICFINITY(r) | enses. EXAVPLE 4 [00255] Contact |enses were
prepared with the polyneri zable | ens conpositions as shown in Table 8. The
i ndi cat edwbasa/@esvaul ati ons were previously described i RCEABrubA49596 Thi s
study was conducted to evaluate the effect of contacting solution

concentration,.the tacting sol ution ¢ I Si a_sol ution , 3

ol PRt h6Rpia AEL PR ATk iRe R eaRPr T Mo S Lt s Dt rdy e ™t ens
formul ati ons contai ni ng an opht hal m _cal Ig accept abl e .acid when the | enses
are atithallsist gipsndant hydaryErouns. sseificalbn? Vst solufjogs ithdiaried geerage 3 pol yol
with at least 5 pendant hydroxyl groups used was PVOH with a wei ght average
mol ecublaculaeweightsods shaék in dakiled K, Tig7R 8O Grade tibtgd edTablhél inehslestheer e pl aced
in 3.6 mM PBS and shaken at 37C at a speed of 100 rpm WBUT of the |enses

was ggg%erﬂffh?droﬂi}fs‘isﬁ('98%k§1@9b@VL&§ke§8ﬂfoﬁ{1hl@ﬁor$ Inakhiol isf R&crased iR Bksmpitab| e 8

[ 002 The [enses of fornulation 7 autoclaved in all the concentrations of

PVOH ' id | 1Lt 2 r Is ter
haki B rorE A EC R Ly PAS bhotoifl Wethiita®l itk FIORSL BERBc &l | T
in 0.5% and .0. 25% PVOH still. showed accept abl e tabil.Lty. EXAVPLE 5

[ 002SPReGR R A QsTASES: 4 eri G AL PRI Ty i 2L o Raaees
conpositions as shown in Table 9. Lenses were prepared using polynerizable
conpod¢reithan dnsned anst the fensepexsrg sihesdesied to determine the WBUT or the advancing

contact angle (by the Captive Bubble method) of the lenses. Additional lenses were transferred to
3.6 ml of PVOH-free PBS and shaken at a speed of 100 rpm and a temperature of 35°C for 24
hours, at which time the WBUT and advancing contact angle (by the Captive Bubble method) of

the lenses were determined.

Table 11
3 days 3 days
PVOH 1 day 3 days 3 days soaking soaking
Soln soaking soaking soaking | in PYOH | in PVOH
PVOH PVOH MW Conc' in PVOH | in PVOH | in PVOH | followed | followed
Source Grade wt | followed | followed | followed by 24 by 24
% )’ by O hrs. | by O hrs. | by 0 hrs. hrs. hrs.
¢ soaking soaking soaking soaking soaking
in PBS in PBS in PBS in PBS in PBS
Adyv. WBUT Adv. WBUT Adv.
Contact | (seconds) | Contact | (seconds) | Contact
Angle Angle Angle
(degrees) (degrees) (degrees)
MOWIOL | 4-98% ~27k | 0.50% | 81.8+1.5 20,3 79.8+56 | 5,510 78.7
MOWIOL | 10-98% | ~6lk | 0.50% | 80.8+0.1 | 18,10,5 | 74.8+6.2 | 5.,7,10 80.7
0R0 N o >20, 22,
MOWIOL | 20-98% | ~125k || 0.50% | g46.02 | 22 | 66811 |25,18,30 | 68.4+6.5
20,23 25,>20
! 0, —~ 0, > ] 5 Py
MOWIOL | 28-99% 143k | 0.50% 749 + 1.6 >20 71.1+0.1 20 714+26
_0R0 _ o > 20, 20, >20,
MOWIOL | 56-98% 193k | 0.50% 820+04 | >20,>20 | 59.5+7.0 20 60.3 £ 8.6
. 146k- >20 57.8+
- 0, 0, ’
Aldrich | 98-99% | g | 0.50% ND >20, >20 10.1 15 t0 20 ND
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Forrmul ation 8 (control) and Fornul ation 9. Fornul ati ons were prepared by
conbining the ingredients in the indicated unit part anmounts. [00258] The
upt ake amstoreligmz®3of a 1, 3 polyol with at | east 5 penaamtushyidoamsys
groups, specifically a forn1of PVOH, from a | ens nmade fron1a formul ati on

conpr ht hal m cal,l abl e Cld fIC | | pokynerizabl e

For mBPRCH] bR et BB R o R (Bt B e DR AR '

[ 00259] The resulting reaction roducts (Ienses) wer e hydr at ed and

aut ocValgiebreak updine ogﬁhqolsssesmt tthe highen Bwleculsr waight fasmieresiiiing in dense enses

wer e subsequently soaked in PBS (20 m) for 3 autoclave cycles (20 m n. per

cycl eyith longed®BUTs. r enove any | eachable materials fromthe | enses which

could interfere with the analysis of PVOH by GPC chromat ogr aphy. For

manuf acturi ng purposes, the three additional autoclave cycles could be

omtted, as could extraction with an organic solvent or a solution of an

or ga t. Initially, three | enses processed as descri bed above were

soakg%géﬁﬁgﬁﬁg of 100 ppm PVCH solution in PBS (the form of PVOH used was
PVOH, 40-88 .205K, 88% hydr ol zed 0|nt t he

St udy 002" or s 08 SORGH FEPRocTenphoRFLoHth S reyAaR SR e ng

the concentration of the PVOH solution that the | enses were transferred out

of weepmapesHions peehomn igABblesk2a fornationgavaie Mepired by Bambinirgthe fregredients in

concentration of PVOH remaining present in the solutions at the tine

poi ntthe indieatatainpdrat Silicope-dice lak fGithtpas weaadewith ahd ulithdwdhé addigac h

time point.[00260] The PVCH uptake by | enses of formulations 8 (control)

("") amg o%h{}i'ai'rﬁic@l'l}eacceptable acid, specifically a polymerizable form of boronic acid (VPB).

Table 12
Formulation 24 25
unit unit
parts parts
Ingredient (wt) (wt)
HEMA 76.85 76.85
MPC 14.53 14.53
EGDMA 0.7 0.7
Vazo 64 0.46 0.46
VB6 7.76 7.76
VPB 0 3
[00270] An evaluation of the silicone-free lens formulations was conducted for tensile

strength, modulus, elongation, and PVOH uptake. PVOH uptake from blister solutions was
determined by GPC after the lenses were placed in 1.2 ml PBS blister solution containing 0.5%
MOWIOL® 40-88 (MW ~ 205k) at room temperature for 24 hours. The properties of the lenses

made using the Table 12 formulations are shown in Table 13.
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plotted in FIG 3. As shown by the results in FIG 3, the | enses made using
formulation 8 (control), wthout a polynerizable agent wth at |east one
bor oni ¢ awodormisetsy, were found to take up an average ofPCT/UB2@00¥BHE | ens
during the first day, and 0 ng PVOH | ens after the first day. As no

addi tional PVOH was taken up by theJiepses, only the data for days 1 and 2
are included in the graph. The | enses made using formulation 9, containing
VPB as t he ophthalm—<al I¥ aclcteotﬁ“*ﬁb! e—actd—were—foundto—-econtinue to take
up a 1, 3 polyol with at'|east gypendant hydr oxyl groupg, specifically
PVOH, from t he—solution—o D'f"dpeljti&c 10—days—stiudiéd—The—+€nses were found to
take up an average of ’ﬁE?ISiESHéAUtHWi ens—over—thg 0 days; EAAMPLE 6 [ 00261]
Contact | ense§ were prepgb&Hs Widay POTymeri Zabtgrens—cgyposiiti ons of

Formul ati ons § (control ) gg ctioi’u%fucln as degcrTggd 1 Exggrptg 5. For
purposes of t N E/GH Ulike b} st MDA 1R S@oknyY | ©ASES [Of {gggnuijati ons 8 and 9
was eval uat ed.[00262] Srxteen [ ndrvi duat 'y packaged tenses nade using

formul ations 8 and 9 were prepared. The | enses were soaked individually in

a 50 PV olution in PBS.(the formof. PVOH used ) MOW r). ,PVOH,
20 sd0AR. “addiePorgdi i e dfgal tbaine el e ey e b afid
autoclaving to fully saturate themw th the 1, 3 polyol with at |least 5
pend&NPBhicekdpsignfeantly morg MM feopp el piiematies sttdngringhe BYQH solpitien fos 34ki ng
for 7 days, the individual |enses were blotted to renove any additional
sol uthoors, and were transferred to 10 nl of PBS not

H©

EXAMPLE 10

[00272] A series of contact lenses were prepared with the polymerizable lens compositions
as shown in Tables 14 and 15. One set of formulations (10 to 13) was more hydrophobic in
nature as compared to the other set of formulations (14 to 17) as confirmed by the initial WBUT
results for the formulations. The content of the ophthalmically acceptable acid (VPB) in both sets
of formulations was varied (0%, 1%, 2% and 3% VPB). The level of uptake of the 1, 3 polyol
with at least 5 pendant hydroxyl groups (PVOH) over time was evaluated for each of the

formulations.
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containing a 1, 3 polyol
stored at 35C for the duration of the study. At each of the tine points,
sanpl e ofwohe11IRB&as renoved from each vi al

with

at

| east 5 pendant hydroxyl

groups, and

a

and anal yzedTuskng/o@36 Any

sanple remai ning after the analysis was returned to the vialsand the vials

were returned to storage at 35C unti), the next tinme point. The GPC anal ysis
was conducted using a standard net d calibration standards of 100 ppm
80.23 ppm 51 03 ppm 23 59 ppm and 10 00 ppm PVOH were used. [002 The
PVCH |r eﬂﬁ&@ﬁhwwnses ¥ forfulati dhs 8 (1) and29 ("") are phRotted fin

FI G SFMUM’WM in FIG 3, the lenses nade using fornullation 9 and 8 were
bot h |f oulngdredient el ¢asst artsdwer agendipafs vty | Piokt/pagnéwtM t/hi wnit petsfimtst | t wo
hour . ThGhes mul ati ona@ol enses relgased sTji ght T3 gror e RVOH oygp the [course
of tHhe fSﬂ*g(YHe@UI not Q5§I gnl '|can52‘5 UMt [TTOT €. 5514te formuiatyog 8 contr ol

| ensgs—dh VM t—rel caacgﬁ di-t-Honal—RycH-durimg—th ater—t+re 3;0; frts—{The
dat a f+emthe—tens—upt Stualy has Jeen—ifchudetl-dathils plet—to

i |l udtrat D‘MAM t he fn | ation 8 I?&nCL‘pQ egsent | (Pv rel paquzoa | _of it he

t aker]_up BG4 during tBDfirst two hBurs of the 8O0udy (WithinSthe narlgin of
error| of TEGDVH udy), wlide, after a0.6l east |8 houb$ the |fornmullati on 9

| ensgs rEEGDNMA nost o0f).3 he taken ups5PVOH (an aversage of| 17.90g PVOH/ || ens

t aken up V8§%4an averages of 5/9 ng POV Tens relgased af[ter Z ghpur's Neft an
aver ge orvp@prom mat ety 12 g PVORtens remarm Ty T T OT] O Iﬂ? tenses
af t er—2—tHotur a) [00264] AddltIOi"laHy, -t—was—roted—that—thetenrses—trade

using formulation 9, which contained an ophthal mcally acceptable acid,
specifically a polynerizable form of boronic acid

Table 15
Hydrophilic 14 15 16 17
Formulations
Ingredient unit parts (wt) unit parts (wt) unit parts (wt) unit parts (wt)
SIGMA 20.0 20.0 20.0 20.0
Silicone C 25.0 25.0 25.0 25.0
VMA 40.0 40.0 40.0 40.0
DMA 5.0 5.0 5.0 5.0
EGMA 7.0 7.0 7.0 7.0
TEGDVE 0.6 0.6 0.6 0.6
TEGDMA 0.5 0.5 0.5 0.5
Vazo 64 0.5 0.5 0.5 0.5
VPB 0 1 2 3
[00273] The resulting lenses were demolded, delensed, and each lens was packed in an

individual 20 ml glass vial. To hydrate the lenses, each vial was filled with 5 ml of PBS and

allowed to hydrate for 30 minutes. Following hydration, the vials and lenses received three flush

cycles, each cycle consisting of replacing the 5 ml of PBS with 5 ml of fresh PBS after the lens

had sat in the PBS for 60 minutes.

[00274]

PVOH uptake by the lenses was studied by combining 20 lenses of the same

formulation, wiping the surface water off each lens, and soaking the 20 lenses in 10 ml of a 200
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(VvPB) and which were contacted by a solution of a 1, 3 polyol with at |east
5 pendant hydroxyl groups, were found to be wettable, while the | enses made
wi th formwbabiie7®3 which did not contain an opht hal m cacirysacoepisabl e aci d
but which had been contacted by a solution of a 1l, 3 polyol with at least 5

S R

conpositions, as shown in Tab usi ng formulation 1, whic
descriteet ithe gsnsep oy alla%lcl(ﬁ'é ‘l?ﬁ%‘belf orheuP ¥ solutrpns P@ﬁswgreomq  8pmupht i on

1 were contacted with a series of solutions of 1, 3 polyols with at least 5
pendaviO WL ®x40-8& PY @I, MW aprios. 206@001 Preltansaarsk 0@ pprof of MONWEIL®It206M wi t h
vari ed hydrolysis percentages (nole % at varied concentrations, and the

VBUT @y OHh e 1we pibrbk. ng46 GOTS PEItNYRS a8 Viddistadde BRor kRN Fies tithe ?anf“@ﬂllﬁ& i0QNthe, 200S
described in Exanple 2, were prepared and packaged in 2 m PBS containing

the ijpglc ?egg r&%&%d%oxﬁ\(ﬁ!" JoH &uhgl-ﬂ JﬁﬁE&QtFﬁpé‘lee%é st s h3H el Qd’%ﬁ and

mai nt'al ne room terrpera ure ns packages were t

open and the | ens were tr Q PVOH-.free PBS, and.shaken
o EhsoBaHIng G (o it 0B B T ahr T pean(s B B S8R of
time. At the indicated time points, the water break up tine for the |enses
was demplesi alcldmalpeinds off t Way.hedassad idé}’%ﬂcﬂaéiétv]é)n@ﬁ}’ﬁga@ofﬂ dats, thedprsss pser h

determ ned using the Captive Bubble nethod). Table 0 [00266] Use of all of

t he Ryddsfesiel ub iaofreshesaaiplaiv€ ®VOH Boluties,canldeths @dd RE¥OH colndoi ovas estained ifor

| enses that naintai ned good WBUTs and good static and advanci ng cont act

angl egp& stip td QetSrmine the PVOH solution concentration. The samples of PVOH solution were
analyzed by GPC using a Ultrahydrogel linear column (Waters Corporation, Milford, MA,
USA), with a mobile phase of 90% 0.1M NaNO; in H,O: 10% MeOH at a flow rate of 0.8
ml/min. with an injection volume of 200 pl, a column temperature of 45°C, and a refractive
index (RI) detector. Due to overlap between one of the PVOH peaks with a leached linear
polymer peak, peak heights were used to quantitate the PVOH rather than peak areas. In addition
to PVOH uptake, lens diameter and water break-up time (WBUT) were measured at times 0 and
14 days. The initial (time 0) WBUT was measured in PBS; the day 14 lenses were transferred to

PBS and stored in the PBS for 5 days prior to determining the WBUT. The values reported for

lens diameter and WBUT in TABLES 16 and 17 are based on a sample size of 5 lenses.
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days,

suggesting the | enses renmai ned ophthalmcally wettable for the
duration of the study. EXAMPLE 8 [00267] A series of contact

| enses were

pr epar ed wot2h1wdsesopol yneri zabl e | ens conposi ti ons usi ngpCorusaéiaiwsoe 1,

cont ai ning an ophthal m cally acceptabl e acid,

specifically the

pol ymeri zabl ef orm of boronic acid YER 1§he lenses were contacted with

solutions conprising a 1, 3 polyol at | east 5 pendant hydroxyl groups,
speci-tically—PVOH solytionswi-th—varied-average—rplecular—weightis—as—shown
i n| Fdrephebic [rifimplo Timsde |1 Tiseddi i Amedie14 RayHd&Dpye dé%?@&é of4 Days
hy dFerpalpdonsggos Bt 9o 11 ensed2of lforldulati o 1, | whikh |s scrli beld in
Exanirat gartswer e Pr epar ed and patkaged Bn 1. 2 M PBS dont ai nizhg tlhe 3
i ndi caV@®B t ype PVOH at the iindicated concentratiop, autoclaved, |and
mail n{ainEdogt| room tenperat ure for [3 days.| The | ehs packages werje then
openedahd the I enses were either tiested to determne the WBUT ar the
ada'nvi—n'g—cvﬂ‘tdt,t ange—(bythe—Captive Bupbte mettod)—of the tgnses.
O APl 0° 5 o1 0l FEITSIATR 8,2 s B LYENL [P G510 kY, ot
WBYT Risetdvanci ng cont act an%Ie (hy the Gaptive Bubbl e pethod) |of the
| enses(mm) e det B-28 ned14.54bll e 144602681 2Phe| alddhge WbPecul Aft-4eilght4- Ok 1 he
fonm AAVONOH was observed to influgnce thel water break up time qf the
| ensesyptaMdet h t he hi gher nol gcul ar weight florms resulting|in | enges with
| ongemghBMls. | EXAPLE 919 2.8 3.4 5.7 6.1 7.5 23.4
With 40-88
PVOH
WBUT (sec) | 12to 15 [ 17t020 | 15to 18 | 13to 16 | 15t0 18 | 13t0 16 >20 18 to 20
Diameter
(mm) 14.66 14.59 14.42 14.12 14.61 14.53 14.46 14.04
PVOH
uptake
(ug/lens) 1.3 1.9 2.6 3.6 3.9 5.7 6.4 20.1
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[ 00269] A series of contact

boronic acid (VPB).

| enses were prepared with silicone-free
pol yneri zabl e | ens conpositions as shown in Table 12. Formnul ati ons were
prepar ed W 200mi378¥3Ng t he ingredients in the indicated ®OTtUSP@N39596
Silicone-free lens formul ati ons were made with and w thout the addition of
an ophthal m cally acceptabl e acid,
Tabl e 12 [ 0027

ahg Y

fically a polynerizable form of
evaluation of the silicone-free

|l ens formul ations was conducted for tensile strength nodulus, e]ongatign,
and Hvdopphitix 4 KEBimer8/QHTims Gkle Timefh pl Tigedt [sH Daysohd4 wess detdePaisnedd Bpyepc
af { Bornlatidnsrised4werle plSaceld i16 1. 2 nmil7PBS blidstel sdbutijon ldont gi nlhg 0. 5%
MOW Oiftrpart40-/88 ¢ MV|~ 205k)| at 2room t epperjat uge for 24 hqurs2 The 3
pr Jpeergs off the | egnses de using the Table 12 fornul atjions arg shown |in
Ta |@ﬁo € 3 [00271] The fenses nmade fromthelfornmuldtion coptalning an
opht ?,% Iy acceptable cid (VPB) took up sign ficantlly nore PVOH frgm
solyt er—si-+t+m ..9 tHhe—PYoH-selpt Rott-S—EXAMPEE 10
[ 0D B TAS@ ol QQ/dnf .1# r~'r | ses! wet prn]—\ FOQZ'Q Mlgﬁo:‘l%\ ]O.‘,..p |1§§%F
| ens Qléfﬁlﬁ'@éltlons as shovvn in Tabl es 14 and 15. Che set df formulations (10
t o] 13)(nwals nmor enklydriopmébi cf i m/éhat ur endls coniPedded| t d58Be |otBe}9 set 1460
f or mulPAOMNs |(14 to |17) as gconfirnmed by the initial WBUT {results|for thg
f of mulyptakens., The cantent of the ophthal mically acceptablie acid [VPB) in
bot h (38lichs) 1.0 1.7 2.3 1.3 8.5 7.7 7.1 11.6
With 40-88
PVOH
WBUT (sec) { 15t0 18 | >20 >20 15t018 | 181020 | 18020 >20 18 t0 20
Diameter
(mm) 15.29 15.14 15.06 14.71 15.53 15.33 15.10 14.66
PVOH
uptake
(ng/lens) 1.1 1.6 2.1 2.5 4.6 3.4 7.6 11.2
[00275] The rate of uptake of the two forms of PVOH evaluated (the MOWIOL® 20-98

PVOH and the MOWIOL® 40-88 PVOH) are shown for the hydrophobic formulations (10 to

13) and for the hydrophilic formulations (14 to 17) in FIGS. 4 to 7. With both forms of PVOH,

the total amount of PVOH taken up by the lenses after the initial time point was greater for the

hydrophobic formulations. While higher levels of VPB content in the formulations was generally

observed to result in higher levels of PVOH being taken up by the lenses, the total uptake results

were not linearly concentration-dependent for the hydrophobic formulations with either form of

PVOH, or for the hydrophilic formulation with the 20-98 PVOH. For the hydrophobic

formulation tested with the 40-88 PVOH, the total uptake of PVOH was linearly concentration-

dependent based on the VPB concentration present in the formulation. The uptake of PVOH by

lenses of formulations containing 2 unit parts or less VPB appeared to reach steady state between

1

06



of formulations was varied (0% 1% 2% and 3% VPB). The | evel of uptake of
the 1, 3 polyol wth at |east 5 pendant hydroxyl groups (PVOH) over tine
was eval maoediffisrssgsach of the fornul ations. Tabl e 14 TablreTA52§1002058¢ The
resulting | enses were denol ded, del ensed, and each | ens was packed in an

i ndividual 20 i gl ial. To.hydrate the | enses,. each vi was il ed
¢ nepphRre a0t 150 G, FIfYEF S aefons GORRRRES Pheth PBR Bigely
hydration, the vials and | enses received three flush cycles, each cycle

cons irgspuiined 266 hpwrg lon oiongytotmechssteady sfatPBS with 5 M of fresh PBS after the

| ens had sat in the PBS for 60 m nutes. [00274] PVOH uptake by the |enses
was studi ed by conmbining 20 | enses of the sanme formul ation, w ping the
surface water off each | ens, and soaking the 20 lenses in 10 mM of a 200ppm
PVOHsod Mip @i n PBS. Each | ens was added individually to the PVOH sol ution
in order to prevent the lenses fromall sticking together. The PVCH

£ omas RROBVETERF L}%i the &Palgﬁ?fg% &ﬁfe&’r tEFRES 10 ?Pflﬁ'qglﬂgcqﬂaoacsﬁﬁbvﬁaﬁga The

remai ni ng sanples were stored at RT until their indicated tinepoints. For
t he rperaficallycdiffarept éarmsaaf palymenizablet ephttfalmicaly acgeptibles acids, degre used- ddgs, 10
days, and 14 days, the |l enses were transferred to a fresh sanple of PVCH
sol utophthalngiogllyt ieptableRVds wed ui these faswtatibad methdb @ Vinylphenylboronic acid

(VPB, Alfa Aesar, Ward Hill, MA, USA), 3-Vinylphenylboronic acid (3-VPB, Sigma-Aldrich,
Atlanta, GA, USA), 3-methacrylamidophenylboronic acid (MAPBA, Combi-Blocks Inc., San
Diego, CA, USA), and 3-Acrylamidophenylboronic acid (AAPBA, Frontier Scientific Inc.,
Logan, UT, USA). The resulting lenses formed from these polymerizable lens compositions were
contacted with a 1, 3 polyol with at least 5 pendant hydroxyl groups, for this experiment, a
solution of 0.5% MOWIOL® 20-98 PVOH. After polymerizing the polymerizable lens
compositions comprising an ophthalmically acceptable acid and contacting them with the 1, 3

polyol with at least 5 pendant hydroxyl groups, the lenses were washed with 5 ml of PBS.
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GPC testing to determ ne the PVOH sol uti on concentrati on.
PVCH sol ution were anal yzed by GPC using a U trahydrogel

with a nobile plrazased1090%90. 1M
with an injection

(Waters Geoporiaisrssa, M I ford, MA

NaNO 3 in H20 :

detector. Due to overlap between
| i near pol yner pe peak heights

OTI‘E_U‘}"‘

were used

USA) ,

t he

10% MeOH at a flowrate of 0.8 m/mn.
vol une of 200 m, a colum t enper afyne Qf 45C, and a refractive index (RI)
PVCH peaks with a | eached

e the PVCH rat her

to guantitat
Lo guantlitat

ko
than peak areas. | HO°

piSHn t ASPVOH (I8t a

e, 4%ns

di Hnet

break-up time (WBUT) were npasinited

measur ed
t n@redRht f

(time 0) WBUT was
PBS and stored in

n pRBS,

at unif g
t hpartday

or (wtyays @th or

s Oniand
lpgartsens epartser
er (wt)i n

t pwiglet

val ues reported fpr diengadi aneber

and 7yB

r A o—

14ndays.

a sanpl e size of bt

T

10

abt T

AV ]

the two forns of

L( i'3}rQ| z

f or
O

rul at

T

br mMA onk (29

vy varvateg {(t+
40- 88 PVOH) are shows MA he ﬁoldrc
r 1

t he hydrophilic f

[}
nhallic
12 j

F128s 4

i near

The sanpl es of
col um

er and wat er
5. The initial

e transferred to

g the WBUT. The

I moTABLES @6 And 17 are based on
te of uptake of

8 PVEH and the MON OL(r)
(10 to 13) and for
Wth both forns of

PVOH, the total appuRSMsfk PVOH % aken by the | ensed affer the initial
time point was grealBGDVE 1 he0hydnophldbi g f @6rul [at ilofs. | Wi | e hi gher
| evel s of VPB cont etEGDMA he fosmuliat pgns (wag.penerasy pbserved to result
in higher levels pfyR¥gkde| ngggaken gp by Ty TeNSgE3 the total uptake
results were not [TTNegpRy CPNCELT At T Ofl- dgpemngert foQ the hydrophobic
formul ations with “ﬁ\fl)f\jﬁ] formof—PYoHor fcroth" hy\drap ilic formul ation
with the 20-98 PVEHMAERA pb nlr odhobi ¢
AAPBA 0 3 0
3-VPB 0 0 0 3
Table 19
Formulation ID 18 19 20 21
Properties
Tensile Strength (MPa) 0.689+0.006 | 0.577+0.14 | 0.635+0.047 | 0.746+0.080
Modulus (MPa) 0.619+0.010 | 0.628+0.010 | 0.766+0.088 | 0.791+0.042
Elongation (%) 226+20 165+37 164+24 173+17
Diameter (mm) 13.1 13.6 13.5 13.3
Initial WBUT in PBS before contacting with
PVOH solution (seconds) 0to?2 0to2 0to?2 0to?2
WBUT after contacting with PVOH solution
(seconds) >20 10to 15 >20 >20
WBUT after contacting with PVOH solution and
after washing with 5 ml PBS (seconds) >20 0to02 >20 >20

[00277]

The MAPBA purchased from Combi-Blocks appeared to be of very low purity as

the raw material was a solid chunk of material that was orange-red in color, rather than a white

powder as expected. For this reason, it is believed that the Formulation 19 lenses actually

contained far less than 3 unit parts of MAPBA, which in turn resulted in the lenses not exhibiting

good wettability when contacted with the PVOH solution and not retaining good wettability after

being contacted with the PVOH solution and subsequently being washed with the PBS. All of the
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formul ation tested with the 40-88 PVOH, the total uptake of PVOH was
linearly concentrationdependent based on the VPB concentration present in
t he for mawetzoowm37sbhe upt ake of PVOH by | enses of fornul @cirarssoioondsas ni ng 2
unit parts or |ess VPB appeared to reach steady state betweenapproxi mately
100 a 50 hours, rioul ations containin nerally
" equithEs 886" RutEsTER RovBeReRE RRPL R, SO EhaelEATe fy 659;’3‘
series_of contact |epnses were prepared with the pol ynerizable

conp&¥htiabnk asid, srepiically arpelymenigablg forimekkorppicrAgidaierbifyed gpeg W@ﬁhlh{Yy pes
of ophthal mcally acceptable acids, specifically different forns of

pol yrafei bainigecampdvtadaivith cthé | ly 3apclgpl afitheataleastisS, pevelast bgdrdxylTgoups (in this
ophthal m cally acceptabl e acids used in these fornulations include 4-

Vi nyle&P@ﬁmémopvam 8l Sta(néBBoodnvkBaiBE Hter YWHsshuehily beilYBwable®)with PBS.

3- Vi ny pheny boroni ¢ aci d (3-VPB, Signma-Aldric Atl anta, GA, USA),

3- net hacryl am dophenyl boroni ¢ aci d ( MAPBA, C0an -Blocks Inc., San Di ego,
CA, USA), and 3-Acryl am dophenyl boroni c acid (AAPBA, Fronti er Scientific

I nc., , , USA). The resulting |l enses formed fromthese polynerizable
| ens E@ggmgt—ﬂgns were contacted with a 1, 3 polyol with at |east 5 pendant
hydr ox roups, for this experinent, a soI ution of 0.5% MOW OL(r) .20-98
PVOH [0&37{82 pah Wreqslo,flcagta@mnq@g wereplepasdl avithethe pelymsoizihle dans cemppsitiensng an
ophthalm cally acceptable acid and contacting themw th the 1, 3 polyol

wi t h aatshbeash Tablec2ddit prypsbridosydf the aespRingtuneomplesed leneesebotshforned froms
of PBS. Tabl e Table 19

these polymerizable compositions are shown in Table 21.

Table 20
Formulation 22 23
unit unit
parts parts
Ingredient (wt) (wt)
Silicone C 40 -
Silicone A - 14
Silicone B - 29
HEMA 3.5 -
NVP - 43
VMA 40 -
DMA 4 -
EGMA (Ethylene glycol methyl ether methacrylate) 6 7
EGDMA (Ethylene glycol dimethacrylate) 0.2 -
EHMA (2-Ethylhexyl methacrylate) - 7
TEGDMA (Tri(ethylene glycol) dimethacrylate) - 0.1
TEGDVE (Tri(ethylene glycol) divinyl ether) - 0.4
VASO 64 0.5 0.3
VPB 2 0
Norbloc 0.9 0.9
RB 247 0.01 0.01
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[ 00277] The MAPBA purchased from Conbi - Bl ocks appeared to be of very | ow
purity as the raw material was a solid chunk of material that was

or ange- r edloi2n1103rB, rat her than a white powder as expeeCedls20H0/049506 S
reason, it is believed that the Formulation 19 | enses actually contai ned
far less than 3 unit parts of NAPB@MM@QHCh inturn resulted in the | enses
not exhibiting good wettability whem contacted with the PVOH sol uti on and
not ret ai ni-ng—good mettabi!ity after heing coptacted w-th-thePYOH sol ution
and subseqlient |y being WESRUHEOWY h the PBS. All of?t heot her™| enses rmade
from pol ymeri-zabl-e—€orposi;tions—€orpr+sing botyrer+=z of an

opht hal m ¢ Faejg—specitical F¥ A polynerizapteformof W:i d,

S i Contact Xfizle (fegfeed) by eaptive bibbie 4.2:37 +1.3 .
exhi bi ted goot—wett ant 'I\’Ié’d,uﬂé(‘l\ﬁja) oeThg—contactTeqd—pr gt ||§7 :EQ\.Oa |O| on W th
at | east 5rpendant i'ylgﬂoﬁw(klog'nfﬁ?)ﬂﬁn.)(i mthis E‘P"Zlifikib'?l'dt’ E‘Y; X5 and retained
good wet t abigh [iit¥ium wath CoMASEATHTby favifeiiidneiae [T€50 W0 45 HBws sokgIVPLE 12
[00278] A serTes Of COMEgGladoRBeES Wel € prepal ed gy tihes@eiymer i zabl e

| ens conpogiTTons as ShkpWfsdeRet! MHaF 20. The proneglg@S [Ofo.goe7r ésul ting
unconpl exed TEeNSes bodies forned fromthese pol ymeri zabl e conpositions are

shown in Table 21. Table 20Table 2 1 [00279] Foll owi ng denol di ng and
del ' th | Ny di f f ti 3 t.act ed
AU S e R o N R

conprising 1, 2 diol or 1, 3 diol noieties in phosphate buffered saline, as
show?3 Werabeentaesed Tusingp-cavmlexiigpiseliitiaps sompristig aneisi elyhydic salgeholsa
sol ution of poly(glyceryl

comprising 1, 2 diol or 1, 3 diol moieties in phosphate buffered saline, as shown in Table 22. The

ko
d
SN

(4

p-GMA complexing solution comprises a 0.5% wt/wt solution of poly(glyceryl
monomethacrylate) in phosphate buffered saline; the 0.5% GMA/MPC complexing solution
comprises a 0.5% wt/wt solution of a copolymer of glyceryl monomethacrylate and 2-
methacryloyloxy ethyl phosphorylcholine in phosphate buffered saline, and the 0.5% GMA/NVP
complexing solution comprises a 0.5% wt/wt solution of a copolymer of glyceryl
monomethacrylate and vinyl pyrrolidone. The GMA homopolymer and copolymers were made
in-house using 97% pure glyceryl monomethacrylate (Monomer Polymer, Trevose, PA, USA).
The uncomplexed lens bodies and complexed lens bodies were placed in blister packages along
with the complexing solution, sealed, autoclaved at 121°C for 20 minutes, and allowed to
equilibrate at room temperature for 48 hours. The advancing contact angle of the hydrated
uncomplexed and complexed lens bodies were determined using the captive bubble method after

equilibrating the lens bodies in PBS for at least 6 hours.
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nononet hacryl ate) in phosphate buffered saline; the 0.5% GW MPC conpl exi ng
solution conprises a 0.5%w/wt solution of a copolyner of glyceryl

nonomnet hawoybatws7asd 2- met hacryl oyl oxy et hyl phosphor ylpchaiszowe/ 049596
phosphate buffered saline, and the 0.5% GVW NVP conpl exi ng sol ution
conprises a 0.5%w/w solution of%%lcg%ol ymer of glyceryl nononethacryl ate

and vinyl pyrrolidone. The GVA ho r and copol yners were made
i n- house using 97% pure nl veervl mononet hacr \/I ate ( Mohoner Pol yeL

Trejose, PA F‘%@J&‘"}“"“ﬁ?e unconpl &88d | lennbodi eAveEEd (cB T“@}‘(E éﬂs Bodi s
wer p—placed—i es—ake h—the_corp-e PR ES) i RERCUIOL o L) o,
cocafono wih thees
4550 9O

c
naclkad |
e me”iﬁan'l’ﬁkim%brﬁmexﬁrﬁ g bt e lat—raom
g 2 P UK ﬁgmﬂcomp‘rexed;;\“ R 1 AN UG WSS A i A ML/
t emn at ' e 3m /UGM mMe—atvanti-fig—tonrac»angre— oL e yanajEa
unconpl e d ) Fexed | ens J%oldl 5 uehe det éfm ned usi ng t he captive
bubpte— (lemcbl y_{ pH i orating thetens—bodjges T PBS S or gt tipagt ©

hours. Tabl e %g)m[,g%a;so Based |ony¢se avasgged val ues for the two | enses
tested for each conplexing solution, the conplexed I ens bodi es had
advanci ng contact angl es ranging from about 12%to about 19% | ower than the

d f th bodi e 8 | t
cpecilByT O S AU Serdsd o olon NE AP SRR Ted; o dosthr bR
this discl osure. Further when an anount, concentration, or ot her val ue or
par arfelugien; the gopwlexsd lenst basiesshadaadyancipg érréw@agleaﬁgrgm&)fmal ahogt 13% @pper

preferable values and | ower preferable values, this is to be understood as
s peciabpatal Yy ladves thanshagdvahting anged ahgle m thefmmmmphyeq)bhs badiesany upper

[00281] Applicant specifically incorporates the entire contents of all cited references in this
disclosure. Further, when an amount, concentration, or other value or parameter is given as
either a range, preferred range, or a list of upper preferable values and lower preferable values,
this is to be understood as specifically disclosing all ranges formed from any pair of any upper
range limit or preferred value and any lower range limit or preferred value, regardless of whether
ranges are separately disclosed. Where a range of numerical values is recited herein, unless
otherwise stated, the range is intended to include the endpoints thereof, and all integers and
fractions within the range. It is not intended that the scope of the invention be limited to the
specific values recited when defining a range.

[00282] Other embodiments of the present invention will be apparent to those skilled in the
art from consideration of the present specification and practice of the present invention disclosed
herein. It is intended that the present specification and examples be considered as exemplary
only with a true scope and spirit of the invention being indicated by the following claims and

equivalents thereof.
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range limt or preferred value and any lower range |imt or preferred

val ue, regardl ess of whether ranges are separately disclosed. Were a range
of nuneriwal2ouval3o®s i s recited herein, unless otherw sepstraiseap/oudses r ange
is intended to include the endpoints thereof, and all integers and
fractypasisMifLbdist he range. It is not intended that the scope of the
invention be I'rmted to the specific values recited when defining a range.
[00282] O her enbodi nents of the present invention will be apparent to
those skilled in the art fromconsideration of the present specification

and pf.act i Kendthod deniifRHng THEASIP oA HR BBy RBfHGmgl ¢ 1 1 Nt ended t hat

the present specification and e€xanpl es be cons as exenplary only with

a true scope . Spi Lt of e inventiaon bei.ng indicated by the foll ow ng
cl ai nms anc@ cfﬁ?@gsgga Oslyrflglrézraté’gef(‘ion}pofltlf)v\ﬁg?lpfl%ngI aimed is: 1. A nethod of
manuf acturi ng a hydrogel contact |ens body, conprising: (i) providing a
pol yneri zabl e cBni58¥i PRoPobenpizkientpray of endoresfe asish 3?%%%@!6@ POFMGF a
boroni c acid, boronic ester, boronic anhydride, or conbination thereof; at

| east one dnidugdiot cembmaigorethgreafid at | east one crosslinking agent; and
(i1) cast nolding the polynerizable conposition in a contact |ens nold
assenbly to fordnleast one hydrophilic monomer, and
at least one crosslinking agent; and
(i1) cast molding the polymerizable composition in a contact lens mold assembly to form
a polymerized reaction product that is an uncomplexed hydrogel lens body formed of a
copolymer comprising
polymerized units of the at least one polymerizable form of the boronic acid,
boronic ester, boronic anhydride or combination thereof,
polymerized units of the at least one hydrophilic monomer, and
crosslinks formed by the at least one crosslinking agent;
wherein the uncomplexed hydrogel lens body has
an advancing contact angle less than about 120°,
a modulus less than about 1.6 MPa,
an ionoflux less than about 7x107 mmz/min.,
an oxygen permeability of less than about 120 Barrers, and
an equilibrium water content of at least about 30%.

2. The method of claim 1, wherein the at least one polymerizable form of the boronic acid,

boronic ester, boronic anhydride or combination thereof is a boronic acid having the structure:
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a polynerized reaction product that is an unconpl exed hydrogel |ens body
formed of a copol yner conprising polynerized units of the at | east one

pol yner i awbl2e1fosrsysof the boronic acid, boronic ester, Ilporarse@oandsyeri de or
conbi nati on thereof, polynerized units of the at | east one hydrophilic
nmononer, and crosslinks formed by the at | east one crosslinking agent;
wherei n the unconpl exed hydrogel | é&Rs body has an advanci ng contact angle

| ess than about 120, a nodul us | ess than about 1.6 MPa, an ionoflux |ess
than about 7x1 0 3 nm/mn., an oxy]ag perneability of |ess than about 120

Barrers, and an equilibrium water gnt of at | east about 30% 2. The
nmet hod of claim1, wherein the at one pol ynerizable form of the
boronic acid, boronic ester, boronisznhydride or conbination thereof is a
boronic acid having the structure: 3. |The nmethod of claim 1, wherein the at
| east one hydrophilic nononer conpriBgs a hydrophilic monomer having at

| east one vinyl noiety. 4. The ndgtthod &M claim 1, wherein the at |east one
crosslinking agent conprises a crosslinking agent having at | east one vinyl
noi ety. 5. The method of claim 1, wherein the polynerizable conposition
further conprises at | east

3. The method of claim 1, wherein the at least one hydrophilic monomer comprises a

hydrophilic monomer having at least one vinyl moiety.

4. The method of claim 1, wherein the at least one crosslinking agent comprises a

crosslinking agent having at least one vinyl moiety.

5. The method of claim 1, wherein the polymerizable composition further comprises at least
one silicone-containing monomer, macromer or prepolymer, the copolymer further comprises
polymerized units of the at least one silicone-containing monomer, macromer or prepolymer, and
the uncomplexed hydrogel contact lens body comprises an uncomplexed silicone hydrogel

contact lens body.

6. The method of claim 5, wherein the at least one silicone-containing monomer, macromer
or prepolymer comprises a silicone-containing macromer or prepolymer having an average

molecular weight greater than about 2,000 Daltons.
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one silicone-containing nonomer, nacronmer or prepolynmer, the copol yner
further conprises polynerized units of the at | east one silicone-containing
nonomrer, waenowsrseer prepol yner, and the unconpl exed hy@cogmsbkoioomisact | ens
body conprises an unconplexed silicone hydrogel contact |ens body. 6. The

met h of i i cone-contai ni ng_nononer ,
mmcr ofrer of PR P RS snybPSinthg EREH 3R S Ebht-EPRFRGHGcRE mfROREE
pr epol yner haV| ng an average nol ecul ar wei ght greater than about 2,000
Dal t OMsPIePOlYRST GRMAHEESOE SEICARGFONtAINIRE TBPRPMGEe MBETOMEAY RipRolymer having at
silicone-contai ning nonomer, nacroner or prepolyner conprises a

si | i cloastatleastaboutrif) emlmﬂrcmx,ider(ﬂ@)mnﬂs inoits hackipoleyside chainsiardgpotit | east at

| east about 0O ethylene oxide (EOQ units in its backbone, side chains or
both. 8. The method of claim5, wherein the at |east one

si |l i cone-cont ai ni ng nononer, mnacroner or prepolynmer conprises a

silicene- C i f_the
urber o Oﬂ‘et%ﬁle@hé%%ﬁﬂ%Bf%ﬁ??%?éésem ﬁi%%%’ P fohgnd bt
si | oxane éﬁﬁ‘g‘%%‘ uni ts ent of fr.om about 20 to 0.55. Fg)e met hod of
cl ai '™ ‘r?“?ﬂSF 8%“&’8&“‘% MoREMEL magfﬁmqré)ﬁgrwslygleg YR RyFatio
conprise a thernop Iastl c resin. 10. The nethod of claim11l, wherein the
uncorgfi thg @amhywﬁ)@}bylen@ axidp GBO) Haiés priesenti i thsi nvantso of dimethylglilexines@NBkn
about 100, a nodulus from about 0.3 MPa to about 1.0 MPa,

units present of from about 0.20 to 0.55.

9. The method of claim 1, wherein molding surfaces of the contact lens mold assembly

comprise a thermoplastic resin.

10.  The method of claim 1, wherein the uncomplexed hydrogel lens body has
an advancing contact angle less than about 100°,
a modulus from about 0.3 MPa to about 1.0 MPa,
an ionoflux less than about 5x10 mmz/min.,
an oxygen permeability of less than about 110 Barrers, and

an equilibrium water content from about 35% to 65%.

11.  The method of claim 1, wherein the uncomplexed hydrogel lens body has
an advancing contact angle less than about 60°,
a modulus from about 0.4 MPa to about 0.7 MPa,

an ionoflux less than about 4x107 mmz/min.,
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an | onoflux | ess than about 5x10° nmm/mn., an oxygen perneability of |ess
t han about 110 Barrers, and an equilibriumwater content from about 35%to
65% 1 . wbeormishsd of claim 1, wherein the unconpl exedPpPoydrse@elo4dsens body
has an advanci ng contact angle | ess than about 60, a nodulus from about 0.4
MPa to about 0.7 MPa. an. ig@nofl ux s than.ah xl Q' mm/mn.,an
oxygen per et Pviseiion B fengl 3 Sub Y u Il B4t aaf, ers. "and’ an

equi li briumwater content from about 40%to 65% 12. The nmethod of claim1,
further codfpequalibiing patey comentdeam abput AB%UA O8I exed | ens body with a

conpl exi ng solution conprising at | east one pol yhydric al cohol having at

| east one 1,2 diol or 1,3 diol noiety, and conplexing at | east a portion of
1,2 or 1,3 diol noieties present in the conplexing solution with at |east a

portipn of Thomehod ofelafin TPfuethtesonrRERNt i n the copol yner of the |ens body
to produce a conpl exed hydrogel |ens body. 13. The nmethod of claiml,

bl ster pa aéiﬂtv%@%“ﬁ'tgg b@%a%gl.%ﬁzﬂ“ %%FE%’?EE%%@F@S&%% et Eé‘ﬁéﬁﬁhggﬁ% and
i]izi i i .14, T

ol a1 riet o el RREHREbIHE Pk St 88 1 2GR e Mol esebePTERET aby
least a portion of 1,2 or 1,3 diol moieties present in the complexing solution with at least a

portion of boronic acid moieties present in the copolymer of the lens body to produce a

complexed hydrogel lens body.

13. The method of claim 1, further comprising
placing the uncomplexed lens body in a contact lens blister package with a packaging

solution, sealing the blister package, and sterilizing the packaging solution and the lens body.

14.  The method of claim 12, wherein an advancing contact angle of the complexed lens body
is at least 10% less than an advancing contact angle of the uncomplexed lens when both the
complexed lens body and the uncomplexed lens body are tested after being hydrated and after

soaking in phosphate buffered saline for at least 6 hours.

15. A hydrogel lens body, comprising:
a cast molded polymerized reaction product of a polymerizable composition reacted in a
contact lens mold assembly to produce a hydrogel contact lens body, the polymerizable

composition comprising
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is at least 10% | ess than an advanci ng contact angle of the unconpl exed

| ens when both the conpl exed | ens body and the unconpl exed | ens body are
tested afwenohwismgyshydr ated and after soaking in phosphace/usedmmnesds sal i ne
for at least 6 hours. 15. A hydrogel |ens body, conprising: a cast nol ded

pol ynmeri zed reagtjg roduct of pel i . ! Ct, 0 a
contact |ens noé‘tdleﬁr%}sg%l ?néerbzra glgugogﬁ a ﬁy%%ggoél&%gﬁg Zt%:(%rbrﬁgnéssf ’o&’??or{“ﬂe

pol ymeri zabl e conpositjon conprisingat |east one polynerizable formof a
bor oni ¢ acdHydy »GHF@n@§ nthgwphni ¢ anhydride, or combination thereof; at
| east one hydrophilic nononer; and at |east one crosslinking agent; the
hydrogel | ens badsast onehydrerthilec mopahgrend conpri si ng pol ymeri zed units of
the at | east one polynerizable formof the boronic acid, boronic ester,
boroni ¢ anhydr i gleeft ofcdrbéstiakingagédier eof , pol ynmeri zed units of the at |east
one hydrophilic nmononer, and crosslinks fornmed by the at | east one

oLl A BB RSk g e o 20yl contect anl o
polymerized units of the at least one polymerizable form of the boronic acid,
boronic ester, boronic anhydride or combination thereof,
polymerized units of the at least one hydrophilic monomer, and
crosslinks formed by the at least one crosslinking agent;
wherein the lens body has
an advancing contact angle less than about 120°,
a modulus less than about 1.6 MPa,
an ionoflux less than about 7x107 mrnz/min.,
an oxygen permeability of less than about 120 Barrers, and

an equilibrium water content of at least about 30%.

16.  The hydrogel lens body of claim 1, wherein at least a portion of boronic acid moieties
present in the copolymer of the lens body are complexed with 1,2 or 1,3 diol moieties present on

at least one polyhydric alcohol, and the lens body is a complexed lens body.
17.  The hydrogel lens body of claim 16, wherein an advancing contact angle of the

complexed lens body is at least 10% less than an advancing contact angle of a lens body of the

same composition but without the at least a portion of the boronic acid moieties present in the
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an | onoflux | ess than about 7x10 mm/m n., an oxygen perneability of |ess
than about 1 O Barrers, and an equilibriumwater content of at |east about
30% 16. wbeotwydrsdgel | ens body of claim 1, wherein at Ipeaais2@oparsvé on of
boronic acid noieties present in the copolyner of the |lens body are

conpl .t A l.ol i et I t at | east .on | yhydric
al cohﬁﬁsgﬁl@é ctra ﬁél&%ggév 1%‘01332/%% g’%@o@%ﬁ%i %S%Zg)g tg%f]t. 5‘?71’.0%?%‘8%%5 g%%ﬁgll ens
body of cl.aim 16, wherein advancin ontact angl e_of the conpl exed | ens
body Jeteriing %ﬁesfa%%wa@éedtaﬂaﬁ%a e avke ilﬁé’%i%ﬂli‘?@gl?“f%ﬁ?ﬂ salige fgr pbleastifdy of
the sane conposition but without the at |east a portion of the boronic acid
moi ethass.present in thecopol yner conplexed with 1,2 or 1,3 diol noities
present on at | east one pol yhydric al cohol, as determ ned by testing
hydrated | ens bodi es soaked i n phosphate buffered saline for at |east 6
hours. 18. The |l ens body of claim15, wherein the at |east one

pol yngy i zaphe1chohBuPhe Ef&ﬁgqfé[ %Ex(‘eirfiﬁfgdaﬁ 10Qf G ﬁm%&ﬁiablé?ﬁ{r&”&ﬁtg@%)’ i de or

conbi nation thereof” is a boronic aci aving the’structure: ydr ogel

oo TREbebyS A, boronkORIRHBAG 28 TR woRRL s YaBHF it i s, "' ©
i onofsltrl{étulrgss than about 5 xIOmnm/mn.,

I

HO oH

19. The hydrogel lens body of claim 15, wherein the lens body has
an advancing contact angle less than about 100°,
a modulus from about 0.3 MPa to about 1.0 MPa,
an ionoflux less than about 5 x107 mmz/min.,
an oxygen permeability of less than about 110 Barrers, and

an equilibrium water content from about 35% to 65%.

20.  The hydrogel lens body of claim 16, wherein the complexed hydrogel contact lens body

has
an advancing contact angle less than about 60°,

a modulus from about 0.4 MPa to about 0.7 MPa,
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an oxygen perneability of |ess than about 110 Barrers, and an equilibrium
wat er content from about 35%to 65% The hydrogel |ens body of claiml6,
wher ei n twe 2nompissed hydrogel contact |ens body an advaotiusgoioomisact angl e
| ess than about 60, a nodul us from about 0.4 MPa to about 0.7 MPa,3 2 an

i onoflux | ess than out 4. x10 mm,/ oxygen perneability from about
55 barrers to abogt® ‘Bbleﬁsa‘P?‘é(?)%outéﬁ‘mH“%m briumwater content from

about 40%to 65% .
an oxygen permeability from about 55 barrers to about 100 barrers, and

an equilibrium water content from about 40% to 65%.
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