WD 2005/ 092987 PCT/ US2005/ 006640 WETTABLE HYDROGELS COWPRI SI NG ACYCLI C
POLYAM DES Rel at ed Applications This patent application clains priority of a
provi sional application, US. Ser. s No. 60/550,723 which was filed on
March 5, 2004. Back%round of the Invention Contact |enses have been used
conmer ci al MO #¥SMRHove vision since at |east the 19508CTARIFNIE cont act
| enses were nmade of hard materials and as such were 10 sonewhat
unconfortable to users. Mddem soft contact |enses are nmade of softer
materials, typically hydrogels. Recently soft contact |enses nmade from
silicone hydrogels have been introduced. Silicone hydrogel are

wat er - swol | en polyner networks that have hi gh oxygen perneability. These

| enses provide a good | evel of confort to many | ens wearers, but there are
sone users who eyperABDE fIYHESOEIPCOMPRISING mé'mwhﬁs deposits

| eadi ng to reduced visual acuity when using these |enses. This disconfort
and deposits has been attributed to the hydrophobic character of the
surfaces of |ensgs.@nkbriBfiohdit eraction of those surfaces with the protein,
| i pids and nucin and the hydrophilic surface of the eye. O hers have tried
to alleviate this prdbiseneByppelisaioneisimneriosiorqfapeovisionsh applisstien. UZH Sey dr ogel
contact J enses wy, @OBY@fﬂRﬂhéH&as%tdn%eh $46dy. as plasma coatings Cyclic
pol yami des, such as pol'yvinyl pyrollidone have been incorporated into both
conventional and silicone containing hydrogel fornulations and contact

| enses. Pol y( meg Rt a6l or e dveiih \-substituted pol y(nmeth)acryl am des have
been disclosed To be hydrophiTic I PN agents which may be incorporated into
conventional 25 (nofoBpstiensesdaredisempsid ermergialhog ERRrovatEeH singegt ket sur f ace
of a polyneric affighe metﬁaqu&t RALeY Wote!nfadb bharS AL A8 sucR wareMONOMer M X

used to formthe article has al so been discl osed. WD 2005/ 092987
PCT/ US2005/ 006649mewhat uncomfortable to users. Modern soft contact lenses are made of softer

materials, typically hydrogels. Recently soft contact lenses made from silicone
hydrogels have been introduced. Silicone hydrogel are water-swollen polymer
networks that have high oxygen permeability. These lenses provide a good level of
comfort to many lens wearers, but there are some users who experience discomfort
15 and excessive ocular deposits leading to reduced visual acuity when using these
lenses. This discomfort and deposits has been attributed to the hydrophobic
character of the surfaces of lenses and the interaction of those surfaces with the
protein, lipids and mucin and the hydrophilic surface of the eye.
Others have tried to alleviate this problem by coating the surface of silicone
20 hydrogel contact lenses with hydrophilic coatings, such as plasma coatings
Cyclic polyamides, such as polyvinylpyrollidone have been incorporated into
both conventional and silicone containing hydrogel formulations and contact lenses.
Poly(meth)acrylamide and N-substituted poly(meth)acrylamides have been
disclosed to be hydrophilic IPN agents which may be incorporated into conventional
25 (non-silicone containing) hydrogels.
Modifying the surface of a polymeric article by adding polymerizable

surfactants to a monomer mix used to form the article has also been disclosed.



However, lasting in vivo inprovenents in wettability and reductions in
surface deposits are not |ikely. Polyvinylpyrrolidone (PVP) or

pol y- 2- et hyl - 2- oxazol i ne have been added to a hydrogel form ng conposition
to form anwgioesmaset rati ng network which shows a s | orcdwgreesowésosur f ace
friction, a |l ow dehydration rate and a hi gh degree of biodeposit resistance.
However, the hydrogel formulations disclosed are conventional hydrogels and
there is no disclosure on how to incorporate hydrophobic conponents, such
as sil oxane nononers, w thout causing insolubility of the hydrogel -formng
conposition. 10 Wiile it may be possibrézté i ncor porate high nol ecul ar

wei ght polynmers as internal wetting agents into silicone hydrogel I|enses,

such pol yners cgnh be ilfflcult to sol ubil ﬂéﬁ n rQ%Ftlon m xt ures which
contain siliconBe%everlstingpaiv imprgyAmgnis i WeHpRIiP-A9d £50cogs in i ddi t i onal
hi gh nol ecul ar wgloghtare doyHkedphi | i ¢ pol yners which nmay be incorporated into a

S oo o R LB P bl e 20
bi omedi cal devi g&ydi€uEPfofing gorAipdsitioly FEfbrm dreinterpgnetratigghvedk Whith endeat | east
RUNE O Re. W10 20815678 8 Best HRRB0L PO JBAT IR = d Lieh 4678 di rect bond,
0 0 CGNR3 biodeposit resistance. However, the hydrogel formulations disclosed are
conventional hydrogels and there is no disclosure on how to incorporate
hydrophobic components, such as siloxane monomers, without causing insolubility
of the hydrogel-forming composition.
10 While it may be possible to incorporate high molecular weight polymers as
internal wetting agents into silicone hydrogel lenses, such polymers can be difficult
to solubilize in reaction mixtures which contain silicones.
Therefore it would be advantageous to find additional high molecular weight
hydrophilic polymers which may be incorporated into a lens formulation to improve

15 wettability of the lens without a surface treatment.

Summary of the Invention

The present invention relates to a biomedical device comprising a polymer
having entangled therein at least one acyclic polyamide comprising repeating units of

20 Formula I



-C or Hwherein RB3is a d to C3 alkyl group; R is selected fromH,
strai ght or branched, substituted or unsubstituted d to C4 alkyl 5 groups,
R2 is selected fromH, straight or branched, substituted or unsubstituted C
to C4 al kylwo gwsogss? am no groups having up to two car b®as/usznes/0e4yr oups
having up to four carbon atons and al koxy groups having up to two carbons
and wherein the nunber of carbon atons in RI and R2 taken together is 8 or
| ess. 10 The present invention further relates to silicone hydrogels forned
froma reaction mxture conprising or _co3ns_i sting essentially of at |east
one silicone containing conponent and at™ | east one acyclic pol yam de
conprising repeating units of Formulal X O R2 is Wwerein Xis a direct
bond, 0 O Il ”re‘inc)_('i\la%s_ tg-n r Hwherein R3is a Cl to C3 al kyl group; R
i's selected from Go%E YR O br anched, substituted or unsubstituted O to
C4 al kyl 20 groups, WD 2005/9Q92987 PCT/ US2005/ 006640 4 R2 is selected
fromH straight o brancheg,_cgﬁﬂﬁjlted or unsubstituted CI| to &4 al kyl
groups, am no groups having up tg two carbons, amide groups having up to
four carbon atons and aIOIony groups having up to two carbons and wherein the
wherein R* is a C1 to C3 alkyl group;

R! is selected from H, straight or branched, substituted or unsubstituted C1 to C4 alkyl
5 groups,

R2 is selected from H, straight or branched, substituted or unsubstituted C1 to C4 alkyl
groups, amino groups having up to two carbons, amide groups having up to four
carbon atoms and alkoxy groups having up to two carbons and wherein the number of
carbon atoms in R1 and R2 taken together is 8 or less.

10 The present invention further relates to silicone hydrogels formed from a reaction
mixture comprising or consisting essentially of at least one silicone containing

component and at least one acyclic polyamide comprising repeating units of Formula I

RZ
15
Wherein X is a direct bond,
0
(||) —C—N—R—
—C— or H

wherein R?isa C1 to C3 alkyl group;
R! is selected from H, straight or branched, substituted or unsubstituted C1 to C4 alkyl

20 groups,



nunber of carbon atons in RL and RZ taken together is 8 or |less, and
preferably 6 or s less. Detailed Description of the Invention As used
herein, a "bionmedical device" is any article that is designed to be used
whi | e eit havo 2eas/@298yn manmal i an tissues or fluid, and pPefTaiISao5906549 or on
human tissue or fluids. Exanples of these devices include but are not
limted to catheters, 10 inplants, stents, and ophthal m c devices such as

i ntraocul ar | enses and contact |enses. The preferred bionedi cal devices are
opht hal m ¢ devices, particularly contact |enses, nost particularly contact

| enses made fromsilicone hydrogels. As dséd her e n, the ternms "l ens" and
"ophthal m c device" refer to devices that reside in or on the eye. These
devi ces can proyi tical .C ction u IS ... dr delivery,

di agnostic func i%E%{%%tdyfomcgss%{glﬁtc&I@%ﬂ%{]ﬁé\%%ﬁfu tegror g&f‘@%‘f“ q%‘#@latogérrbi nati on of
t hese properti eskylBroaps, @minol geoups havoigud éstwowbrbomss, aoide Bionpstlading op ®of t  cont act
lenses, hard coptaclydses g LIRLEANGHL ALl SBTSR0 USIL AN JrglRge, ocul ar
inserts, and optic€a PRIBAPGARRY BTLRY Y HIES n, the p‘ﬁrasév W't Hout a surface
treat nent" meansunbeasf datben 20mekt R'rand R? mierf tagetter 318 dr loss, ded/prefemblyf6 drhe pr esent
inventig)n are npe%S separately treated to inprove the wettability of the
device. Treatnents which nmay be foregone because of the present invention

i ncl ude, pl asnmaDettadalteseripgion gfthd Invengion coati ng and the |ike. However,
coatings which provige, pronst Li63,805 12N hIRLOYG, waLtapl iy, such as,
but not limted to anti m Crobi a coaflngs and™t e appflca on oq‘e col or or

ot her 25 cosnet ied ehliacithenient ommyminaliaapipduesnt flual, sel\irefesblpin drive hpmas ent

invention. As used herejn.the term"sjl.icone containing.c i.bilizing
conponent " msaﬁséfuer"erg{é’fdlsbﬁxacmd)rlreﬁé’ﬁ{enﬁ?esde‘\%?s%c "618§¥t§|ren“°ép %I"%éa)l{é{%%ﬁgs’si li cone

and at ibeast onanplfBts20ess, 08P RthaRGT AWBSEOQBH L6iGeé0ular-lerses dngdomacy| group. Such
ig?gggeggg havelegsee(sa. }%I psrgfjerg')esdebcllonlle%ic%evi%&ralreagphm]smic de]i'&)c/esz, %z?r’tigﬁasrlyand
, - contact lenses, most particularly contact lenses made from silicone hydrogels.
As used herein, the terms “lens” and “ophthalmic device” refer to devices
that reside in or on the eye. These devices can provide optical correction, wound
15 care, drug delivery, diagnostic functionality, cosmetic enhancement or effect or a
combination of these properties. The term lens includes but is not limited to soft
contact lenses, hard contact lenses, intraocular lenses, overlay lenses, ocular inserts,
and optical inserts.
As used herein, the phrase “without a surface treatment” means that the
20 exterior surfaces of the devices of the present invention are not separately treated to
improve the wettability of the device. Treatments which may be foregone because
of the present invention include, plasma treatments, grafting, coating and the like.
However, coatings which provide properties other than improved wettability, such
as, but not limited to antimicrobial coatings and the application of color or other
25 cosmetic enhancement may be applied to devices of the present invention.

As used herein the term “silicone containing compatibilizing component”

means reaction components which contain at least one silicone and at least one



The conpositions of the present invention conprise, consist essentially and
consi st of at |east one silicone containing conponent and at | east one
acyclic 5 pol yam de. Acyclic polyanm des of the present invention conprise
pendant acww 2005/09g87de groups and are capabl e of associ BCT/WA2006/004640y dr oxy|
groups. Wien the acyclic polyam des are incorporated into the reactive

m xture they have a weight average nol ecul ar wei ght of at |east about

100, 000 Dal tons, preferably greater than about 150,000; nore preferably
bet ween about 150 000 to about 2,000,000 Daltons, 10 nore preferably stil
bet ween about 300, 000 to about 1, 800, OOOEtaItons When the acyclic

pol yam des are |ncorporated into a solution in which a nedical device

formed froma h t ored e nol ecul ar
wei ght of at éé‘é?’%ggré’ '%’,Eﬁﬂ“‘tﬁ’é‘?@sﬁage ﬁpéi%g\réglg?@baraée/a %t han about
25, 000; nore prebes@id8yand bed 0. about 100 000 to about 2,000, 000 Daltons,
nore preferably stilni.)}'betwe nis 00 Dal t ons.

Al ternatively, the nblSSQUPSYUARR fg’ﬁ? prS?emhmv n g%'hcopprlsep%?r&]ﬁéés‘%e gélgtaﬂ i nvention
can be al so ex pms&emf abyaasn bee dﬂmaé mtauimgs:eukpmnﬂand enlaztst me\mcgmo& t y
measur eent s, 1 nj.\ gc g m %%Eer%lc% {I)lve lt:)o p Scelnﬁ (%a c
Engi neeri ng, N-‘WH ?pﬁ/r“re REEHY™E ﬁ" rigopenfant ayGic 98- 257,
John Wley & So raSndelgmupé/%ﬂrarﬂﬁpz&wmfemammmmhw&omlgmaps When thcycl iCc
pol yam des of the L esent. |Sg¥equto on ar.e orsetlve ]xl%eqt K- ]\{a ues. ﬁ greater
than about 46 afd Er%‘f%%ﬂﬁ SRR 58 and BeY hayed et acyclic
pol yam des of t hergpeasdstnlar m/xgmtof mtneaaraboutnﬁmoqmdbaamwptefﬁxabl)t greaterhthadr ogel
formul ation of t ntion ho t SI va &%%E dj to the
25" hydr ogel , T b LRO8 o el b a8k S AR AR ABAE, ‘Ui e
m nor degree of nm/;ﬁbteﬁblybﬁmmmgenrmyutbeo (pnoesamxt 1,800,008 Dahersd&teakhet 0 t he
retention of the n ent in th at ever incidental
coval ent bondi n§*¥ ﬁﬁ@pod%an%ﬁsgge ‘ﬂ‘iorpoﬁteﬁﬂﬁ%(idﬂ%@ ‘BQ% cg’§érfefjxé\§e‘¥e§'ﬁ? ficient to
retain the wett iférhed@eta hydrogdl és divrell, dge havd\@w(PBEdVeRZOM Sl Rl / WiphOt 006640 6
least about 2,500 Daltons, preferably greater than about 25,000; more preferably
between about 100,000 to about 2,000,000 Daltons, more preferably still between
15 about 150,000 to about 1,800,000 Daltons.
Alternatively, the molecular weight of hydrophilic polymers of the invention
can be also expressed by the K-value, based on kinematic viscosity measurements, as
described in Encyclopedia of Polymer Science and Engineering, N-Vinyl Amide
Polymers, Second edition, Vol 17, pgs. 198-257, John Wiley & Sons Inc. When
20 expressed in this manner, the acyclic polyamides of the present invention are those
having K-values of greater than about 46 and preferably between about 46 and about
150.
The acyclic polyamides of the present invention are incorporated into the
hydrogel formulation of this invention without significant covalent bonding to the
25 hydrogel. The absence of significant covalent bonding means that while a minor
degree of covalent bonding may be present, it is incidental to the retention of the
wetting agent in the hydrogel matrix. Whatever incidental covalent bonding may be

present, it would not by itself be sufficient to retain the wetting agent in the hydrogel



matri x. Instead, the vastly predom nating effect keeping the wetting agent
associated with the hydrogel is entrapnent. The polyner is "entrapped”,
according to this specification, when it is physically retained within a
hydr ogel mavo 2005/098p87s is done via entangl ement of the polrseoos/edsedon of t he
acyclic polyamde within the 5 hydrogel polyner matrix. However, van der
Waal s forces, dipole-dipole interactions, electrostatic attraction and
hydr ogen bondi ng can al so contribute to this entrapnment to a | esser extent.
The acyclic polyam des may be incorporated into the hydrogel by a variety
of nethods. For exanple, the acyclic pol yani de may be added to the reaction
10 m xture such that the hydrogel polynerizes "around"” the acyclic

pol yam de, form ng em.-interpenetrati et wor Al.t ernatively, the
oyat T pol yar B8%we oREL e 81 REORI e et e vAIRIRR, 1a®l ns s
packaged. The assyadiated woidi thahgddeel ipemapatns Thepotynteh & “erappedTiaecpdiokaged | ens

may be heat treated to.. ncrease.t.he .anmpunt. of acycli | yam whi ch
ot moat e the | i ssnrpaponn it e B R o B L oBPmf 15
limted to convémkivareatangleatnt sf the pélymatchomofthciogslic patyamideiwithintte

t enper at ures of ou 20C for tjmes of abqut m putes. |f heat
sterili Ezati on i adpor%{potjgys'%eé m aﬁﬁéﬁﬁggkeé’gvéﬁg?rﬁasalsﬁvesbg'p%lg%é@ at el y heat
treat ed. Exanpl mseratiomsuslécabobtaticatyactioncanp bydregrhn deslingrah videcqnaibptere thisand
copolynmers co r{t@ srinn tre%earti %g units of Formula | 20 X R KNO R2 Werein
X is a direct bohdr WO'YO5I 085887 PCT/ US2005/ 006640 7 0 0 -Cil

The acyclic polyamides may be incorporated into the hydrogel by a variety

of methods. For example, the acyclic polyamide may be added to the reaction

10 mixture such that the hydrogel polymerizes “around” the acyclic polyamide, forming
a semi-interpenetrating network. Alternatively, the acyclic polyamide may be
included in the solution in which the lens is packaged. The acyclic polyamide
permeates into the lens. The packaged lens may be heat treated to increase the
amount of acyclic polyamide which permeates the lens. Suitable heat treatments,

15 include, but are not limited to conventional heat sterilization cycles, which include
temperatures of about 120°C for times of about 20 minutes. If heat sterilization is
not used, the packaged lens may be separately heat treated.

Examples of suitable acyclic polyamides include polymers and copolymers

comprising repeating units of Formula I

/\(

X
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20

Wherein X is a direct bond,



-NR3- -C or Hwherein R3is a d to C3 alkyl group; R is selected fromH
straight or branched, substituted or unsubstituted d to C4 alkyl groups, s
R2 is selected fromH, straight or branched, substituted or unsubstituted O
to C4 al kwo gwsopss7 am no groups having up to two car begsuszus/se@r oups
having up to 4 carbon atons and al koxy groups having up to two carbons and
wherein the nunber of carbon atons in RlL and R2 taken together is 8,
preferably 6 or less. As wused herein substituted al kyl groups include alkyl
groups substituted with an amne, 10 ami_de, ether or carboxy group. In one
preferred enbodinent R and R2 are indébéhdently selected fromH, and
substituted or unsubstituted Cl1 to C2 al kyl groups and preferably
unsubstituted d to C2 al kyl~groups. In another preferred enbodi nent Xis a
direct bond, R and R2 are 15]i ndependently selected fromH, substituted or
unsubstituted O tphp C2 al ky—QralipsRi—Preferably the acyclic pol yani des of
the present inventCen coaprise dlmajority of the repeating unit of Fornula
|, and nore preferabl%:at ] ea 3 oyt 80 nol e% of the repeating unit of
Fornula |. Specific ¥ 5%$Bé§a§ % A B units of Formula | include

repeating units 20 rlek sdl@skdffrot M Nirdightior blinded, RibsameH abruskebstituted C1 to
N-vi nyl acet am de, N-vi nyl -N- net hyl propi onam de,
N—vinyI-N—nethyF32&ﬁ%¥%?Fpropionanide, N-vi nyl - 2- net hyl propi onam de,
N-vinyl sN, N - di met hygus eectedfidm H@trhightlop¥aftdied Gitituted 3MessiW@ AA9S/ 092987
PCT/ US2005/ 006640 8 O HrN =7~=0O N, . .
C4 alkyl groups, amino groups having up to two carbons, amide groups having up to
4 carbon atoms and alkoxy groups having up to two carbons and wherein the
number of carbon atoms in R' and R? taken together is 8, preferably 6 or less. As
used herein substituted alkyl groups include alkyl groups substituted with an amine,
10 amide, ether or carboxy group.
In one preferred embodiment R' and R are independently selected from H, and
substituted or unsubstituted C1 to C2 alkyl groups and preferably unsubstituted C1 to
C2 alkyl groups.
In another preferred embodiment X is a direct bond, R'and R? are
15 independently selected from H, substituted or unsubstituted C1 to C2 alkyl groups.
Preferably the acyclic polyamides of the present invention comprise a majority
of the repeating unit of Formula I, and more preferably at least about 80 mole% of the
repeating unit of Formula I.
Specific examples of repeating units of Formula I include repeating units
20 derived from N-vinyl-N-methylacetamide, N-vinylacetamide, N-vinyl-N-
methylpropionamide, N-viny!-N-methyl-2-methylpropionamide, N-vinyl-2-

methylpropionamide, N-vinyl-N,N’-dimethylurea, and the following acyclic amides:



N=0 rO Additional repeating units may be forned from nononers sel ected from
N- vinyl am des, acrylam des, hydroxyal kyl (nmeth) acryl ates, alkyl
(meth)acrylates or s other hydrophilic nononers and sil oxane substituted
acryl ates wo wed/dvamnyl at es. Speci fic exanpl es of nononeP€TAIkI0S00MGE be used
to formacyclic polyam des include as N-vinylpyrrolidone,

NN- di et hyl acryl am de, 2-hydroxyet hyl net hacryl ate, vinyl acetate,
acrylonitrile, hydroxypropyl nethacrylate, 2-hydroxyethyl acrylate, nmethyl
nmet hacryl ate and butyl nethacryl ate, net@gcryloxypropyl 10
tristrinmethylsiloxysilane and the |ike and m xtures thereof. Preferred
additional repeating units nononers include of N-vinylpyrrolidone,

N, N- di met hyl acryl am de, 2- hydroxyet#xl nmet hacryl ate and m xtures thereof In
one enbodi nent the acyclic polyam de i 5=@ol y(N-vinyl-N nethylacetam de). 15
The acyclic polyam des may be use n amounts from about | to about 15

wei ght percent, e.preferably about 3 to about 15 percent, nost preferably
about 5 to abouty12 percent, all based upon the total of all reactive
conponents. In on§ﬁehbodinent, t he hy Bgels of the present invention
further conprise one or nore silicone-containing conponents and, optionally
one or nore hydrophilic 20 conponents. The silicone-containing and

hydrophi l'ic corrponenmdmbs.@ldecﬁewgak@srﬁéy%em.lnymm%n&ntyrssseleay&mmn can be any
of the known conponents use rior art to make silicone hydrogels.

These terns sil Vighasidssrcaianidey hé“b’ﬁ’ﬁ’épfé‘r{f“e‘&h‘%fry]%?d"r”@ﬁHl"fq‘)éc%lé)‘ﬁspﬂinent are not

nutual | 'y excl US'oiﬁ@nhyHRapl‘inh@ﬁwnoH%% afid $ilo%B SubSRAEPACRIAG or MAFRNALL can be
somewhat hydrophilic¢ and the hydrophilic conponent can WD 2005/ 092987

PCT/ US2005/ 00664gccif exetmﬁw gignagperevhish may b ased rofory agyclicpelyamides
si | i cone-contai fichde mmﬂsﬂ&m@@& ﬁ&vﬁmethmsv’rﬁmaé hq)y%gle%m%aﬁcrwa@

hydrophilic conponents can have silicone groups.

si | i cone- cont ai HimftpcetafpepiontiehydseriPrEd Metrirylzte Zdtyﬁ‘ﬁb)‘?é}?(i {esjatyan
methyl methacrylate and butyl methacrylate, methacryloxypropyl

10 tristrimethylsiloxysilane and the like and mixtures thereof. Preferred additional
repeating units monomers include of N-vinylpyrrolidone, N,N-dimethylacrylamide, 2-
hydroxyethylmethacrylate and mixtures thereof.

In one embodiment the acyclic polyamide is poly(N-vinyl-N-
methylacetamide).

15 The acyclic polyamides may be used in amounts from about 1 to about 15
weight percent, more preferably about 3 to about 15 percent, most preferably about 5
to about 12 percent, all based upon the total of all reactive components.

In one embodiment, the hydrogels of the present invention further comprise
one or more silicone-containing components and, optionally one or more hydrophilic

20 components. The silicone-containing and hydrophilic components used to make the
polymer of this invention can be any of the known components used in the prior art
to make silicone hydrogels. These terms silicone-containing component and
hydrophilic component are not mutually exclusive, in that, the silicone-containing

component can be somewhat hydrophilic and the hydrophilic component can



be reacted prior to polynerization to forma prepolynmer which is |ater
polynerized 5 in the presence of a diluent to formthe polyner of this

i nvention. When prepolynmers or macromers are used, it is preferred to

pol ymer i zewat20b®®3ds70ne sil i cone-contai ni ng nononer anpcaUsloea®mEcione
hydrophilic nononmer in the presence of the diluent, wherein the
silicone-containing nononers and the hydrophilic nononers differ. The term
"nmononer” used herein refers to | ow nol ecul ar wei ght 10 conpounds (i.e.
typi cally having nunber average nol ecul ar weights | ess than 700) that can
be polynerized. Thus, it is understood tRaf the terns "silicone-containing
conponent s" and "hydrophilic conponents” include nononers, macronobnoners
and prepolyners. A silicone-coptaining, conponent is one that contains at

n
| east one [- Si - BUPIFESAE0SUEPHwBoAYSH ‘}E%H’BWSFFQP?‘"W%P’BH‘EP"‘&P" t¥€pol yner .
Preferably, theniropanid gedupagaart K drophific fongPadtts dah hiR&ilkbhd geupe- cont ai ni ng
conmponent in an anoynt greater than 20 wei ght rcent, and nor referably
greater than 30 wei gﬂf‘h%e?E@H?'C%‘P‘Q‘%CWP%%Q%PEExﬂf%ﬂh“w\ﬁéwg?nﬂm&s c"{)"he
si | i cone-cont ai bd REctRIPHPP ddlymetizibhito foinl 4 OByt Mhithhd BEr pyheiRENt S
preferably conprise pol ri.zabl e functional groups such as acryl ate,
net hacryl at e, 25‘tg%?r%ea%rggé,dﬁ?f’éftﬂ&’wg%?ﬂ? er ogf:h{fi“ﬁ‘fff‘t‘?"ac N-vi nyl am de,
and styryl funcpiepdlpthers 6 RatBsmerst&19e,96is Prlefesred ioGRRATetigddtdationg component s
whi ch are usefquln this . invention ng%be found jn U S. Pat. Nos. 3,808,178,
4,120, 570; 4, 138lieasgreonjaigigg menamer and & Jegstoaehydsophiis mesqmer i ths pEseRce 15 and
EP080539. Al |l o0bf thdi@iluea @Réréin BetsBidort@ofthining oM &k eMithé Respaicat ed in their
entireties by referencg TH,se rgferenqgsﬁﬂlsclo?e many 51exa_ | es of
ol ef i ni c. si 11 coMIRRH GfTH (e EBREBRRICE I FHRIeTE G Y BeleBfaF AL o
si | i cong- cont ai Eny@uidTRdTBfpicaly Kaving @liyibdr la Gofapa vhoMckidt &Emphth)essthat 700) mononer s
represented by the f Ilomﬁnglgq¥nuLa: Y¥)208§{0 2987 PCT/ US2005/ 006640 10
Formula 11 R that can be polymerized. Thus, it is understood that the terms “silicone-containing
components” and “hydrophilic components” include monomers, macromonomers
and prepolymers.
A silicone-containing component is one that contains at least one [—Si—O—
15 Si] group, in a monomer, macromer or prepolymer. Preferably, the Si and attached O
are present in the silicone-containing component in an amount greater than 20 weight
percent, and more preferably greater than 30 weight percent of the total molecular
weight of the silicone-containing component. Useful silicone-containing components
preferably comprise polymerizable functional groups such as acrylate, methacrylate,
20 acrylamide, methacrylamide, N-vinyl lactam, N-vinylamide, and styryl functional
groups. Examples of silicone-containing components which are useful in this
invention may be found in U.S. Pat. Nos. 3,808,178; 4,120,570; 4,136,250; 4,153,641,
4,740,533; 5,034,461 and 5,070,215, and EP080539. All of the patents cited herein are
hereby incorporated in their entireties by reference. These references disclose many
25 examples of olefinic silicone-containing components.

Further examples of suitable silicone-containing monomers are

polysiloxanylalkyl(meth)acrylic monomers represented by the following formula:



X-(CH2) -Si(0Si RIR2R3) 3 wherein: R denotes H or |ower alkyl; X denotes 0 or

NR4; each R4 independently 5 denotes hydrogen or nethyl, each R-R3

i ndependently denotes a | ower al kyl radical or a phenyl radical, and

ni sl or 3t 010 tixsempdsss of these pol ysil oxanyl al kyl (et hpatwgriogometeoner s

i nclude nethacryl oxypropyl tris(trinmethylsiloxy) silane, 10

met hacr yl oxynet hyl pent anet hyl di si | oxane, ne that ryl oxypropyl pent anet hyl d

i siloxane, nethyldi(trimethylsiloxy)methacryl oxypropyl silane, and

nethyldi(trinethylsiony)nethacryloxyneth¥l sil ane. Met hacryl oxypr opyl

tris(trinmethylsiloxy)silane is the nost ﬁ eferred. is One preferred cl ass of
silicone-containing conponents is a poly(organosil oxane) prepolyner
represented by grnm%ﬁ [11: Formula Il Rr R RB 5 A(RY)- ISi-[9Im

0$i - (RB)- A R6 RB°RE"Wherei n each A independently denotes an activated

unsat urated group, such as an 20(ster or am de of an acrylic or a

met hacrylic acid or an al kyl @ arlyl group (providing that at |east one A

conprises an activated unsaturatd gfed@HoapidsIB'RAR)under goi ng r adi cal

pol ymeri zation); each of R5, R6,l R7 and R8 are independently selected from

the group consisting of a nonoval ent hydrocarbon radical or a hal ogen WO

2005/ 092987 PCT/ US2005/ 006640 - 11 substituted nonoval ent hydrocarbon

radi cal havi ng whewinlB demnésdhordbwermikph) iXodenoresyO ot iRt ehiRéindepankiamies bet ween

car bon atons;

S denotes hydrogen or methyl,
each R'-R? independently denotes a lower alkyl radical or a phenyl radical, and
nislor3to10.
Examples of these polysiloxanylalkyl (meth)acrylic monomers include
methacryloxypropy! tris(trimethylsiloxy) silane,

10 methacryloxymethylpentamethyldisiloxane,
methacryloxypropylpentamethyldisiloxane,
methyldi(trimethylsiloxy)methacryloxypropy! silane, and
methyldi(trimethylsiloxy)methacryloxymethyl silane. Methacryloxypropyl
tris(trimethylsiloxy)silane is the most preferred.

15 One preferred class of silicone-containing components is a
poly(organosiloxane) prepolymer represented by Formula III:

Formula III
5 R7 5
A-(Rﬂ—?i—[O%i]FO?i—(R“)—A
Re Rs Rs

wherein each A independently denotes an activated unsaturated group, such as an
20 ester or amide of an acrylic or a methacrylic acid or an alky! or aryl group

(providing that at least one A comprises an activated unsaturated group capable of

undergoing radical polymerization); each of R, R®, R and R® are independently

selected from the group consisting of a monovalent hydrocarbon radical or a halogen



RO denotes a dival ent hydrocarbon radical having from1l to 22 carbon atons,
and s inis O or an integer greater than or equal to 1, and preferably'5 to
400, and nore preferably 10 to 300. One specific exanple is a,

0- bi snet hagioyoesppsopyl  pol y-di net hyl si | oxane. Anot herP@i/e$2895Meb4exanpl e i s
nPDVS (nononet hacryl oxypropyl term nated nono-n-butyl termnated polyd ima

thylsi | oxa ne). 10 Another useful class of silicone containing conponents
i ncl udes silicone- containing vinyl car bonate or vinyl carbamate nononers of
the following fornula: Formula IV IlI RI,CHrCG(CHA. _OCY Rs' | Id

wherein: Y denotes 0, S. or NH, Rs' denotés a silicone-containi ng organic
radi cal; R 15 denotes hydrogen or methyl; d is 1, 2, 3 or 4; and q is O or
1. Suitable sil lsqaeﬂﬁnemmo%]sutngdrwagﬁmafawsﬁﬁmgh$o £ da %ln%%sm hinlyl OW Ng:
WD 2005/ 092987 PCT/ US2005/ 00664 )q Si[(CH2) SCH3] 3 -( H2) g
Si [ CSi ((CH2) somsqgherﬁn@gﬁ%besveepmmwom%o ii-O e RoRO werein: Q

denotes 11 -(CH2) pa%&o@gii@w&eé RBERLR rRtidaPhdving fRm No 22 H8B046ss,an al kyl
radi cal or a fluoroal kyl radical
and
5 m is 0 or an integer greater than or equal to 1, and preferably 5 to 400, and

more preferably 10 to 300. One specific example is &, o-bismethacryloxypropyl
poly-dimethylsiloxane. Another preferred example is mPDMS
(monomethacryloxypropyl terminated mono-n-butyl terminated
polydimethylsiloxane).

10 Another useful class of silicone containing components includes silicone-
containing vinyl carbonate or vinyl carbamate monomers of the following formula:

Formula IV

R

CHz=é—<CH2)q——o— —Y| RS

d

wherein: Y denotes O, S. or NH; R¥ denotes a silicone-containing organic radical; R
15 denotes hydrogen or methyl; d is 1, 2, 3 or 4; and q is 0 or 1. Suitable silicone-

containing organic radicals R¥ include the following:



having Ito 6 carbon atons; e is Ito 200; g is 1, 2, 3 or 4; and s is 0, 1,
2, 3, 4 or 5. The silicone-containing vinyl carbonate or vinyl carbamate
nononers specifically include:

1, 3- bi s[ 4- w0 zogk/oseyszar bonyl oxy) but - 1-yl ] t et ranet hyl - di scrwszmnsposs4o

3- (vinyl oxycarbonyl thi o) propyl-[tris (trimethylsiloxy)silane]; 3- i0
[tris(trimethylsiloxy)silyll propyl allyl carbamate;
3-[tris(trimethylsiloxy)silyl] propyl vinyl carbamate; trinethylsilylethyl
vinyl carbonate; trinmethylsilylnmethyl vinyl carbonate, and JH3 rH3 3 H3
CH2=CH OCO(CH2) 4 i - i-(CH2) 4CO CH=CH2 "H3%H3 25 WO 2005/ 092987

PCT/ US2005/ 006640 - 13 Another class of silicone-containing conponents

i ncl udes pol yuretha ( of the follow ng fornul ae: Formnul ae V-VI
UUNU@a*UUE;@@@@@%Ma*UGUE(m E(*D*A*D*G a *D*A*D*E
wherein: D denotes an al kyl diradical, an al kyl cycloal kyl diradical, a
cycloal kyl diradical, an aryl diradical or an al kylaryl diradical having 6
to 30 carbon at emrsT(CHIQSESKELL@)kn al kyl diradical, a cycl oal kyl

diradi cal, an al kyl cycloal kyl diradical, an aryl diradical or an al kyl aryl
diradical having | to 40 carbon atonms and which may contain ether, thio or
am ne linkages in the main chain; * denotes a urethane or ureido |inkage;
is at least 1; 15 A denoteRpa Ripval ent pol ynmeric radical of formula:

——(CHz)q-‘[»éiO}—Sli—Q
| Je]

Rio Rqo
wherein:

Q denotes

0
]
—(CHp)p—0—C—CH=CH,

5 wherein p is | to 6; R10 denotes an alkyl radical or a fluoroalkyl radical
having 1 to 6 carbon atoms; e is 1 t0 200;q’ is 1,2,3 or4;andsis 0, 1,2, 3,4 or 5.
The silicone-containing vinyl carbonate or vinyl carbamate monomers
specifically include: 1,3-bis[4-(vinyloxycarbonyloxy)but-1-yl]tetramethyl-
disiloxane; 3-(vinyloxycarbonylthio) propyl-[tris (trimethylsiloxy)silane]; 3-
10 [tris(trimethylsiloxy)silyl] propyl allyl carbamate; 3-[tris(trimethylsiloxy)sily1]
propyl vinyl carbamate; trimethylsilylethyl vinyl carbonate; trimethylsilylmethyl

vinyl carbonate, and

H, H, H,
CH,;=CH—OCO(CH,),—S$i—0t~S$i— ii—(CH2)4CO—CH=CH2

H, H, H,
28



Formula VIII Rt Rtt r1 1 -(CH2h, Si0O Si-(CH2h,- Rit Rit p R' independently
denotes an al kyl or fluoro-substituted al kyl group having 1 tol O carbon
atons which nay contain ether |inkages between carbon atons; y is at |east
20 1; and weroosidess a noi ety weight of 400 to 10, 000; eatflusobsbocsnd El

i ndependently denotes a pol yneri zabl e unsaturated organi c radical
represented by fornmula: Formula IXR12 R3C- CG(Ciz)rv-(X)x-(2)z-(Ar R4
WO 2005/ 092987 PCT/ US2005/ 006640 - 14 wherein: R 2 is hydrogen or nethyl;
R 3 is hydrogen, an al kyl radical having Ito 6 carbon atons, or a -COY-R5
radi cal wherein Yis -O,Y-S or -NH; - 353Rl4 is a dival ent radi cal having 1
to 12 carbon atons; X denotes -CO or OCO; Z denotes --4D-- or -NH; Ar
denotes an aromatic radhea{ a} n&G to . 30 carbon. a1 iiS O0to 6; x is
0Oor 1; y is 0 or 1:Angiperslassofgiligone-fontaning sqmponents inply eéé’ﬁlé(“@g'ﬁ’feal ni ng

corrponent is repbmmnaﬁﬂtWOHMnémhhmw ng formula: 10 Formula X 9 r9 2 2 9

t Pii i1 ft Pb _CH =c TN-R6-rtxxH{i 1, O OL, oo} nmrWQCI 51"~ | (~Fk a~' Re-
KPI Xyw, OCN- R- | 04Brujae CHHHHHJ 6066 BHHHHMwwherein RI6 is a
di radi cal of a diisogpanapeGpfpDep*E'enoval of the isocyanate group,

5 E(*D*G*D*A), *D*G*D*E' or;

E(*D*A*D*G), *D*A*D*E!
wherein:

D denotes an alkyl diradical, an alkyl cycloalkyl diradical, a cycloalkyl
diradical, an aryl diradical or an alkylaryl diradical having 6 to 30 carbon atoms,

10 G denotes an alkyl diradical, a cycloalkyl diradical, an alkyl cycloalkyl
diradical, an aryl diradical or an alkylaryl diradical having 1 to 40 carbon atoms and
which may contain ether, thio or amine linkagés in the main chain;

* denotes a urethane or ureido linkage;
« 1S at least 1;
15 A denotes a divalent polymeric radical of formula:

Formula VIII

R'T R
I I
—(CHa)y1SIOTSi—(CHp ly—
IR11 IR1 1
p
'!'independently denotes an alkyl or fluoro-substituted alkyl group having 1 to10
carbon atoms which may contain ether linkages between carbon atoms; y is at least
20 1; and p provides a moiety weight of 400 to 10,000; each of E and E' independently
denotes a polymerizable unsaturated organic radical represented by formula:

Formula IX

R12
RICH=C—(CHahy— (X — @)z — (Al —R14—



such as the diradical of isophorone diisocyanate. Another preferred silicone
contai ni ng macroner is conpound of fornmula X (in which x +y is a nunber in
the 15 range of 10 to 30) formed by the reaction of fluoroether,

hydr oxy- t ewo as/ed9s7pol ydi net hyl si | oxane, isophorone di PeDwgzNH0B64aNd

i socyanat oet hyl met hacrylate. Formula XI _1Y fl~ O NH

~Ov~(Si Me20hs$~Mk, ~\O'" NH 0 O NHJ~ OCH, CF2- ( OCF, ), - (OCF, CF21, - OCF2CH20 JI 11
O O-~NH-O"~~(S~Me, Ons$~h"~~0O" NH 1 A1 ( NH Ot her silicone-containing
conponents suitable for use in this invention 20 include those described is
WO 96/ 31792 such as macroners containiﬁgl4pblysiloxane, pol yal kyl ene et her,
di i socyanat e, polyfluorinated hydrocarbon, WO 2005/092987 PCT/ US2005/ 006640
- 15 polyfluorinated ether and pol ysaccharide groups. U S. Pat, Nos.
5,321,108; 5,387,662 and 5,539,016 descri be polysil oxanes with a polar
fluorinated graft or side group having a hydrogen atom attached to a

term nal difluorq@-substi.tuted carb @atom . Such | ysi,l oxanes can al so be
Used as the sil MOSRE’ Roromdroeen PR tat Roksrpbes e st o cRORMEE A

si | oxanyl net hacapbritemspnorElG—aReR Daldicsl wierane s -cHorefYhaS+ydrat HAgGCT OMer S

described in US_ 2004/.019287 n.al.so.be used in,thi i ppyention.

Hydr oph?l iC COWpR(ZSnléFIP 'svall%ﬁtcrf1 1%fgﬁatvh"§sleto\}\,12faélﬁ°"§ oénsc)ép?%q%é _O&Sb_r Vi di ng at

| east about 20%CHIGpL démereablQ—adr HEHSE; Aaldenstes 2b $owatieradicdmbeng 6 too t he
resulting lens .10 when conbi ped w.th the.r inin eactive conponents.
When present, s&%fg'?Hﬂﬂ9%PHﬁﬁﬁ1$é'%QWHOH@Hﬁgqnﬂy2%%68?gsent in anounts up
to about 60 wei ght %A prqieretdailiaitiescolmeiningeompdnenttis ikpreteatedbpthe fADwivy ght , nore
pref erably between ?bout 15 to about 50 weight % and nore preferably stil
bet ween about 20°T6about 40

10 Formula X
0 [} [o] Q
9 9 9 TR A e f i e
Cry= - Coor mm*mwwmrwam)n(fo)?—m T e
CHy HoOH [T b Vol L L
a

wherein R'® is a diradical of a diisocyanate after removal of the isocyanate group,
such as the diradical of isophorone diisocyanate. Another preferred silicone
containing macromer is compound of formula X (in which x + y is a number in the

15 range of 10 to 30) formed by the reaction of fluoroether, hydroxy-terminated
polydimethylsiloxane, isophorone diisocyanate and isocyanatoethylmethacrylate.
Formula XI

0 0
0
)\‘(OWNHJLO/\/\(SMZO)Z,SM,/\/\OJ‘ NH /U\
0 NH
0 o 0
%(OwNHkOM(SMczOhsswc;MOiNH
E Y—NH

OCH;CFy—{OCF}—(OCF,CF,),— OCF,CHy0

o}

Other silicone-containing components suitable for use in this invention
20 include those described is WO 96/31792 such as macromers containing

polysiloxane, polyalkylene ether, diisocyanate, polyfluorinated hydrocarbon,



wei ght % all based upon the weight of all reactive conponents. The
hydrophilic 15 nononers that may be used to nmake the polyners of this

i nvention have at |east one polynerizable double bond and at | east one
hydr ophi | i w0 wosés2emral group. Exanpl es of pol yneri zabl ecdosmosodsends

i nclude acrylic, nethacrylic, acrylam do, nethacrylam do, fumaric, naleic,
styryl, isopropenyl phenyl, O vinylcarbonate, O vinylcarbamate, allylic,

O vinylacetyl and N-vinyllactam and N-vinyl am do doubl e 20 bonds. Such

hydr ophi |l i ¢ nononmers may thensel ves be used as crosslinking agents.
"Acrylic-type" or "acrylic-containing" Rofrers are those nononers
containing the acrylic group (CR H=CRCOX) wherein Ris Hor CH3, R is H,
al kyl or carbonyl . .and is Oor N i.ch are s no t ol yneri ze
readi |y, such aéowwrﬁlfaégfﬁﬁflaggpwgé?ﬁwnﬁ% emjﬁg%lﬁv > y@tg’ﬁyl acryl ate,
gl ycerol net hacrsyRabe2 and-sibpe0 bdesirdvy bolpstlokaes witenpelsr, fluoifdtateirdtybraiegl ycol
nmononet hacryl at e, rrgt hacrléll iC acti d, (o4 lic aci Ed'ﬁnd mbxt urgs t hereof. WO
2005/ 092987 PCTE(BEHErDBEmEen atopa acﬁﬁfﬁ%m“r"ia yoroFubsiiied £4Pfy nononer s
whi ch may be i namhp@uak palysilotaned dag alshyclisedsl the silicohdoiunes ithisi Nnvent i on

i ncl ude nonomers such as. N-vinyl.|acta e. N-vi nyl rralidone (NVP)),
N vi nyl °N- et hylmvﬁﬁtéot"am's%'g Py‘*@%ﬂﬁfﬁg’@gﬁf‘ﬁ%acgﬁﬁe&w&é,anﬁgﬁysﬁﬂaﬁﬁ- et §1yl ))
formam de, N-vi dishethaorylaainat@omdrt dséribdd myS200%01928MY tanlddE Deedad fhis

N- car boxy-1 3-al ani ne N-vinyl ester, with NVP being preferred. O her
hydrophilic mondWEM¥ ™ hat can be enployed in the invention include

pol yoxyet hyl ene pol yHbdroptilid dogmponeatsdrclud® tesobhithee tapabte oBprotigidg sxyl gr oups
LoDl aced (1 o O PRI NE, B, BRI IR e SpU e, oo
hydr oxylo 10 gr owhsn é&@fibimededthwhd lemaining Rt tive Rahpdhefrs PWheripradeni, Sigtable
pol yneri zabl e d U% .{loond. Exanpl es [ rg]cl léde lE)tol ejtaH | ene L &ol react ed
with one or noréY ﬁﬁé\ © COFRPREIfs T be Bresent iy agRy &5%}5% é"‘tSBB’G% édch as
i socyanat oet hyl pregéritag bativednabdut Il &0 'about 68 taREE14, Inkote preferably between about
15 to about 50 weight % and more preferably still between about 20 to about 40
weight %, all based upon the weight of all reactive components. The hydrophilic
15 monomers that may be used to make the polymers of this invention have at least one
polymerizable double bond and at least one hydrophilic functional group. Examples
of polymerizable double bonds include acrylic, methacrylic, acrylamido,
methacrylamido, fumaric, maleic, styryl, isopropenylphenyl, O-vinylcarbonate, O-
vinylcarbamate, allylic, O-vinylacetyl and N-vinyllactam and N-vinylamido double
20 bonds. Such hydrophilic monomers may themselves be used as crosslinking agents.
“Acrylic-type” or “acrylic-containing” monomers are those monomers containing
the acrylic group (CR'H==CRCOX)
wherein R is H or CH3, R" is H, alkyl or carbonyl, and X is O or N, which are also
known to polymerize readily, such as N,N-dimethylacrylamide (DMA), 2-
25 hydroxyethyl acrylate, glycerol methacrylate, 2-hydroxyethyl methacrylamide,
polyethyleneglycol monomethacrylate, methacrylic acid, acrylic acid and mixtures

thereof.



anhydri de, nethacryl oyl chloride, vinylbenzoyl chloride, or the like, to
produce a pol yet hyl ene polyol having one or nore term nal polynerizable

ol efinic groups is bonded to the polyethylene polyol through |inking

noi eti es swanoasorsrbamate or ester groups. Still further/uswasmse® are the
hydrophilic vinyl carbonate or vinyl carbamate nononers disclosed in U S
Pat. No. 5,070, 215, and the hydrophilic oxazol one nononers disclosed in U S.
Pat. No. 4,190,277. QG her suitable hydrophilic 20 nononmers will be apparent
to one skilled in the art. Mdrre preferred _hydrophilic nonomers which may be
incorporated into the polyner of the p?é?eﬁt i nvention include hydrophilic
nononmers such as N, N dinethyl acrylam de (DMA), 2-hydroxyethyl acryl ate,

ShceT o, TELhaCIY! B B SRS N, AIRLSEL e RS DA s ol done
monomnet hacr yl at ewdivpas ofthefresensavenyial inghideImonomens euvkras N-vigy lldambidy. NVP and
m xtures there ..VF)ZO §/0 CT/ US2005/ 006640 .- .1 Yh n the acyclic
pol yani des of tHhHe By SERR Oh VYIS ASB P RIS NV Y ENF hygi | i cone
hydrogel f or nul até¢tamide,iN-viiglyN{athyfesnanedd, N-wigyl fomdhniide, Niel-Hy@msiettgheingd hydr oxyl
cont ai ni ng conponent tq. he atibilize the lic | yam de of the
present > invent i &?argﬁtﬁ’q?’ﬁ%'{’&yﬁ?‘g%ﬁ ¢ RSy g m%ﬁ’?%?%%he hydr oxyl
contai ni ng 5 conponethet ylrophifli¢ niori&re chat can badkeaplbyea ik yrivestiondiclidai S
i nvention have at Ieaa} one | 0o nmerizable d Fble.bgnd aqﬁ at | east one
hydr ophi i ¢ f und®PP8Refylng pYly E@H‘ﬁl%&m e ﬁ‘?} S RPN IEFax §IPE bonds
i ncl ude acryli c,reprikedadth ¥ firctiomCgryipaoshdiding applyhezapleaisubloboddumari c, mal ei c,
styryl, isoprop | phenyl ., O.vinyl carbonate, 0- vin hcarba te, allylic,
O vi tyi acetyl - arRUT Ry RE R D i A OB BT B0 RS The
hég_r oxylo cont ai rrduys ephipaneitt a fmytiond] goup Contatinga polRB&izablkdndledgaat . 1n
addition the hydfoxyl GOSN GO THON &l SR E Troft MY QiN AL QUP- THT'S
p 8 q
an end-capping group such as isocyanatoethyl methacrylate (“1EM”), methacrylic
anhydride, methacryloyl chloride, vinylbenzoyl chloride, or the like, to produce a
polyethylene polyol having one or more terminal polymerizable olefinic groups
15 bonded to the polyethylene polyol through linking moieties such as carbamate or
ester groups.
Still further examples are the hydrophilic vinyl carbonate or vinyl carbamate
monomers disclosed in U.S. Pat. No0.5,070,215, and the hydrophilic oxazolone
monomers disclosed in U.S. Pat. No. 4,190,277. Other suitable hydrophilic
20 monomers will be apparent to one skilled in the art.
More preferred hydrophilic monomers which may be incorporated into the
polymer of the present invention include hydrophilic monomers such as N,N-
dimethyl acrylamide (DMA), 2-hydroxyethyl acrylate, glycerol methacrylate, 2-
hydroxyethyl methacrylamide, N-vinylpyrrolidone (NVP), N-vinyl-N-methyl
25 acetamide and polyethyleneglycol monomethacrylate.
Most preferred hydrophilic monomers include DMA, NVP and mixtures

thereof.



hydr oxyl group may be a primary, secondary or tertiary alcohol group, and
may be |ocated on an al kyl or aryl group, Exanples of hydroxyl containing
nononers that nay be used include but are not limted to 2-hydroxyethyl
met hacr yl atwa 2085/ddesrydr oxyet hyl acryl ate, 2-hydroxyet hypcrwshasoosbam de,

2- hydroxyet hyl acrylam de, N-(2-hydroxyethyl)-O vinyl carbamate,

2- hydroxyet hyl vinyl carbonate, 2- hydroxypropyl nethacrylate, hydroxyhexyl
nmet hacryl ate, hydroxyoctyl methacrylate and ot her hydroxyl functional
nmononers as disclosed in U S. Patents 5,906,622; 5,070, 215; 5, 256, 751 and
5,311, 223. Preferred hydrophilic conponéﬁts"ZO i ncl ude 2-hydroxyet hyl

nmet hacryl ate. The hydroxyl containing conponent nay also include silicone
or siloxane function Ofﬁl-runctLonali d. silicone

iti.es uch as.the hydr

cont ai ni ng mononer s g’%h%}h&%ﬁf HQWB%‘?S@g%éT,Sen SRR e SRR iR ch i s
i ncor por at ed herséticonetydrogéleforatutation, Al rhayrbie desira@dt Yo indladeat Jeastioge phdyayi des may
be included in hydrophilic 25 hydrogel s, .which dqg. not conpri.se silicone.
General |y these %&8‘?‘@58?@"%{?@ tﬂé‘ggc p&ﬁ‘i" '?eﬁge Yt 'rcé’Bhﬂ“fJg%ﬁk‘ﬁBf?ﬁ% li sted
above. Commer ci ahveytiavaat il otednamalg cothpomants. afHedwdrokylebutaigingbut ar e not
limted to etafi] con |.ymacon ifilcon enfilcon A and Inefilcon A. WD
2005/ 095087 PCT/CRBOI5A] Bera e uied fgmakeihciio & QS Pyentiep S%Ve@glﬁffb?fgnt s are
m xed in a di | ugtynietizdble double beraicint arleastione hydrephilsUuhictioh#? gtbup UBKHnplear € known
in the art. For SiHicone p%dﬁgeﬁla sﬂiéab|§ diluegts aFQ. i sclosed in WD
03/02232 1, the BPYFELAIPIE IQpbIGRAnANFIade B le MsRFlC: 2aARPYYP by reference. 5
Cl asses of suit ahdtiactidmiés) figmdrio) maleit, so@ndsdpyopedghenyl SO inyRBrbohaxd, Or es 1 ncl ude
al cohol s having 2 to,20 carbons, .am de ing 10 to .carbagn atons derived
From primary i aReE b BE Ry At we Mg e P oy aam e iioms. 1 n
sonme erbodi mentwndy ThetydroapictohtainingabyipakitofaglaBo actas peebstinkiaglagehts éd er r ed
cl asses include LcopoLs ha in%fS to 20 c?rbons aqp car,box I&g aci ds havi ng
10 to 20 carbon a&?ig% he hydroxyl containing component comprises a hydroxyl grou%. 1S

hydroxyl group may be a primary, secondary or tertiary alcohol group, and may be

located on an alkyl or aryl group. Examples of hydroxyl containing monomers that
may be used include but are not limited to 2-hydroxyethyl methacrylate, 2-

15 hydroxyethyl acrylate, 2-hydroxyethyl methacrylamide, 2-hydroxyethyl acrylamide,
N-(2-hydroxyethyl)-O- vinyl carbamate, 2-hydroxyethyl vinyl carbonate, 2-
hydroxypropyl methacrylate, hydroxyhexyl methacrylate, hydroxyoctyl
methacrylate and other hydroxyl functional monomers as disclosed in U.S. Patents
5,006,622; 5,070,215; 5,256,751 and 5,311,223, Preferred hydrophilic components

20 include 2-hydroxyethyl methacrylate. The hydroxyl containing component may also
include silicone or siloxane functionalities, such as the hydroxyl-functionalized
silicone containing monomers disclosed in W(003/022321, the disclosure of which is
incorporated herein by reference.

Alternatively the acyclic polyamides may be included in hydrophilic

25 hydrogels which do not comprise silicone. Generally these hydrogels are made from
the hydrophilic monomers listed above. Commercially available hydrogel
formulations include, but are not limited to etafilcon, polymacon, vifilcon, genfilcon

A and lenefilcon A.



10 Specific diluents which may be used include |-ethoxy-2-propanol,

di i sopropyl am noet hanol , isopropanol, 3, 7-dinethyl-3-octanol, 1-decanol, 1-
dodecanol , 1-octanol, |-pentanol, 2-pentanol, 1-hexanol, 2-hexanol,

2- oct anol , wd 200m6da9d7- 3- pent anol , tert-anyl al cohol, terpebusznnbosssd- but anol ,
1- butanol, 2-nethyl-2- pentanol, 2-propanol, 1-propanol, ethanol, 2-ethyl-I
-butanol, (3-acetoxy-2 15

hydr oxypr opyl oxy) propyl bi s(trimet hyl sil oxy) met hyl silane, 1-tert-butoxy-2-
propanol , 3, 3-di net hyl -2-butanol, tert-butoxyethanol, 2-octyl-I|-dodecanol,
decanoi ¢ acid, octanoic acid, dodecanoi ¢8céid, 2-(diisopropyl anino)ethanol
m xtures thereof and the like. Preferred diluents include

3, 7-di nmet hyl - 3-oct an l.. -dodecanol , | -decano 0 1-octanol, .1-pentanol,
1- hexanol , 2- hexanol ge'y‘-r?}Qttg%rgfc,%v%gor?aoﬂ%ﬂts-aﬁe-'B’é‘ﬁ% ié‘r?oq%,ueé-to %gﬂf’ IR8Hm ¢ any|

al cohol , tert - bubiated. ,Suatideidimants are knevialih #eakt, Farsilebiwyhydbgpleiiabiel , 2-
ethyl -1 -butanol,, ethanql ,. 3, 3-d| -2- but anol , .2-octyl - | -dpdecanol,
decanoic acid, BEFENEF g’s%{gﬁeg}" ‘ggﬁg@%glcth%éfc Surgiof ¥ aché%PWé?oé%?doand t he

| i ke. More pref dereirtbyctiefersatd. s | ncl ude 3, 7-di net hyl - 3- oct anol, 1-dodecanol,
1- 25 decanol, 1-oct anol ,

ol, 1- tanol , .1-hexano - hexanal , 2:o¢
1 dogecgial 5. ot hETSes et s L RGE R eroael AR B veef RBCR Conol
tert-butanol, 2-dsohélsbdving 3 to20dirBems) amides Wedihpy10-t3 20 e4ib@iuddms Rrieddydm |
-but anol, 3, 3-di net hyl -2-butanol,..2-0 .- 1-dqdecanol, m xtures thereof and
Lhe TR, W 2008 sbmTesae Pl b ekt S 00 “ehrt dne v encs for
nf)n- s: i C?Re c;)rﬁn&io' ?iiﬁf&gts :pﬁﬂﬁltyiaﬁc}nteﬂia}%alli’oﬂsls mﬂ]dﬂdﬁl d. gﬂeﬁalﬁed @:lgssesﬂhchyc}een?h I
gl ycol , et hanol, nol ,_e ace , yl ene chl orjde, ol yet hyl ene
Gl ool pol ypr opeBHE PR 20 Feshitiandiationteabi s o 4 Ebonaloiy) oo s e
in US 4,018, 853, US 4p&iit, dldéntawkich ihaybheQi3&l idd0de li-eikdxydi-pigpanbluyt not 5 limted
to boric acid esters of dihydric al cohgl

( ! d = al cohol.s, .cgtrgrbli nat | ons per‘e f and the
like. M xtures DFORIPRYRENRS™MRIR) 1poRrqpansd 3 i ?'F{}%cﬁ‘iné’ ﬁré{? 8" tised in anounts
up to about 55%obstatnd] igbdtanof, 1 tpetariol2adentaiol dl-hexmmitRcieeitiol 2tdatahdlg3-r eact i on
mxture. Mre methyl-3-pentanol, fert-amyl alcohol, tert-butanol, 2-butanol, 1-butanol, 2-methyl-2-
pentanol, 2-propanol, 1-propanol, ethanol, 2-ethyl-1-butanol, (3-acetoxy-2-
15 hydroxypropyloxy)propylbis(trimethylsiloxy)methylsilane, 1-tert-butoxy-2-
propanol, 3,3-dimethyl-2-butanol, fert-butoxyethanol, 2-octyl-1-dodecanol, decanoic
acid, octanoic acid, dodecanoic acid, 2-(diisopropylamino)ethanol mixtures thereof
and the like.
Preferred diluents include 3,7-dimethyl-3-octanol, 1-dodecanol, 1-decanol,
20 1-octanol, 1-pentanol, 1-hexanol, 2-hexanol, 2-octanol, 3-methyl-3-pentano], 2-
pentanol, t-amyl alcohol, fert-butanol, 2-butanol, 1-butanol, 2-methyl-2-pentanol, 2-
ethyl-1-butanol, ethanol, 3,3-dimethyl-2-butanol, 2-octyl-1-dodecanol, decanoic
acid, octanoic acid, dodecanoic acid, mixtures thereof and the like.
More preferred diluents include 3,7-dimethyl-3-octanol, 1-dodecanol, 1-
25 decanol, 1-octanol, 1-pentanol, 1-hexanol, 2-hexanol, 2-octanol, 1-dodecanol, 3-
methyl-3-pentanol, 1-pentanol, 2-pentanol, t-amyl alcohol, fert-butanol, 2-butanol,
1-butanol, 2-methyl-2-pentanol, 2-ethyl-1-butanol, 3,3-dimethyl-2-butanol, 2-octyl-

1-dodecanol, mixtures thereof and the like.



preferably the diluent is used in amounts | ess than about 45% and nore
preferably in anounts between about 15 and about 40% by wei ght of the total
of all components 10 in the reaction mxture. It is generally necessary to
add one or wfes/eness- | i nki ng agents, also referred topasusioossrsbdonki ng
nononers, to the reaction m xture, such as ethylene glycol dinethacrylate
("EGDMVA"), trinethylol propane trinmethacrylate ("TMPTMA"), gl ycerol
trimethacryl ate, polyethylene glycol dinethacrylate 15 (wherein the

pol yet hyl ene gl ycol preferably has a nol ecul ar weight up to, e.g., about
5000), and other polyacrylate and pol yrretRatryl ate esters, such as the

end- capped pol yoxyet hyl ene pol yol s descri bed above contalning two or nore

term nal nethacryl tie The, cross-1.inking.agents are used in the
usual anounts, e.g. ,é“'tl“gvmef‘éf’ﬁ&ff?r'@“ﬁﬁ‘@%’fgoqtﬂ"‘&%&ﬂ%m@%ﬂﬁsH’ﬁl“@e per 100 grans
of reactive conppo&iH, sthylenelycol) ethiirdd eiethaiiol Bthiil aeite, EthQlehe@dridve conmponent s
are everything inlgtpg re t{NHrl m xture (ﬁécept the diluent and any

addi tional proc88¥FtRYe PLEORYEnR gl R molecplar weight FViFesuch f‘%cture of the
pol ymer.) Alter aatlbsaliyusufol18,Bss, Usdr@@bsddneusmmm indiH g butthbe

si |l i cone-cont ai ni orrer; act the cross-1in ing agent, the addition

of a crdsslinki llfﬁ"tg‘b@ n get FFéersr‘é@é’tyfiﬂ"rial?ﬂhﬁlt"tﬂ"@biné“%f}leEPﬁé?“d ﬂE")(lél‘ﬁ‘pl es of

hydrophilic 25 nono s ross i nkin and when

present do not requif éX%urf%Of%gae %ma Coe(gfe%a?lrn%%i‘d‘e?ts gRAare %Srggg% OHR 48 agent to
the reacti on m xdaboat 55%:‘tbmght pﬁﬂhym@efdﬂ;dompmeptslnythb geactemaiiktored Mdoove

containing two or e net hac WO 2005/ 092987
PCT/ US2005/ 00665 20%He %‘Ane“g‘ﬁé‘ls fLamqun §¥e§f fofy %’ro?ét ‘¥c5f R ‘i‘%&'e%ﬁﬁ d&r whi ch

can act as a Ccumewits hs&tweeg abape i ardrablout wbis by peighesfithe tolabs alodbmpoments r e t he
addition of a crosslinkin nmononer to the reaction m xture includes a,
6r bi smet’hacryl oxy ?E)eﬁé}fonﬂgmluﬁfdl nme thyl si loxa ne. s The reaction nixture
may contai n addi ti onals geseripnetdssanswald ai,or biote diex-linking agents, also

referred to as cross-linking monomers, to the reaction mixture, such as ethylene
glycol dimethacrylafe (“EGDMA?”), trimethylolpropane trimethacrylate
(“TMPTMA”), glycerol trimethacrylate, polyethylene glycol dimethacrylate

15 (wherein the polyethylene glycol preferably has a molecular weight up to, e.g., about
5000), and other polyacrylate and polymethacrylate esters, such as the end-capped
polyoxyethylene polyols described above containing two or more terminal
methacrylate moieties. The cross-linking agents are used in the usual amounts, e.g.,
from about 0.000415 to about 0.0156 mole per 100 grams of reactive components in

20 the reaction mixture. (The reactive components are everything in the reaction
mixture except the diluent and any additional processing aids which do not become
part of the structure of the polymer.) Alternatively, if the hydrophilic monomers
and/or the silicone-containing monomers act as the cross-linking agent, the addition
of a crosslinking agent to the reaction mixture is optional. Examples of hydrophilic

25 monomers which can act as the crosslinking agent and when present do not require
the addition of an additional crosslinking agent to the reaction mixture include
polyoxyethylene polyols described above containing two or more terminal

methacrylate moieties.



limted to, UV absorbers, nedicinal agents, antimcrobial conpounds,
reactive tints, pignments, copolynerizable and nonpol yneri zabl e dyes,

rel ease agents and conbinations thereof. A polynerization catalyst is

pr ef er abl ywombsigbagk7i n the reaction m xture. The 10 pobgmek200806640
initiators includes conmpounds such as | auryl peroxide, benzoyl peroxide,

i sopropyl percarbonate, azobisisobutyronitrile, and the |ike, that generate
free radicals at noderately el evated tenperatures, and photoinitiator
systens such as aromatic al pha-hydroxy ketones, al koxyoxybenzoi ns,

acet ophenones, acyl phosphi ne oxi des, ﬁigﬁcylphosphine oxi des, and a
tertiary am ne plus a di ketone, mxtures is thereof and the |iKke.

Il'lustrative exanpl es of otoinitiators.are |- hydroxycycl ohexyl phenyl
et one. 2~ Iyl oxy 2. BB EHYIPI O RISy pigR ropores Riven caN st s
bi s( 2, 6- di met hoxydsginkiay kgenPand; whdnrpreseitiokrnieybirgxbostdition ®f o xioskEnKihfvBAPO) ,

bis(2,4,6-trinmethyl benzqyl) -phen hqsphi nepxi d |.rgacure 819), 2,4,6-
trinethylbenzyl3F%ﬂ@ﬂ§?ﬂ%ﬁ%§gﬂ1ﬂéhﬁg?gﬁﬂﬁﬁdw§§ﬂf 23“‘5'3?P’ﬁ‘é’f"r‘i’?fllbenzoyl 20

di phenyl phosphi pelydixiedslsiidanzoi n net hyl ester and a conbi nati on of

canphor qui none and e | 4- (N, N-di met hyl.ani no) henzoat e. rcially
availabge vi si bl e Iiéﬁ%e?ﬂPéPBWBF"§¥§f gkﬁ@%ﬁﬁ%“??&%ﬁﬂgﬁggﬁgfm?rgacure
1700, Irgacure lihB@81o, UNGBEAbeRs, BkBicinklrageats) htindki&bBlal(cambpodnde ieacliveainBpeci al ty
Chemi cals) and Lucirin FPO Ln@tiq&or avaiI@bIe fromBASEéin Commercially
avai | abl e UV ph8IEBIeRist ORI MEZ8le Apt Ry Prilal e 1Y oh 175255 AFn cur 2959 (G ba
Speci al ty Chem cambihatiohhitheeofand ot her photoinitators which may be used are
di scl osed in Volunme 111 Phot.oi niti at or f or FQ%e Radi cal Cationic &

Ani oni ¢ Phot opol yrer s PRMGHz2tion gatakyst isipgsfergRly pekyded ipfhe reaciiopamigturgy Ihe | 7y o -
edited hy G Br gdiydigiizadiohmitididreicladed c&apvandsNesk a¥ tdukyil pdibkidé) Bern092987
PCT/ US2005/ 006640 - 21 1998, i ch i%.i cor por . ted her ei ab reference.
The i ni t1ator | £EEe oRPHaTRHb AT RGBT B Py BB s € o
initiate phot opdiey Mdicald at mederaidly élbatddeaigetaiiesNandiplbtOinitiatr gystendssaumagabout 0. 1
to about 2 part Séro%ti\é\glipgahlgydg)&ry k:elz'tggesp aﬁ{c}xgoxc))'[)enrz(%gs? ta(i:e\t/o%hgxtc))gec:)strz?crylphosphine
oxides, bisacylphosphine oxides, and a tertiary amine plus a diketone, mixtures
15 thereof and the like. Illustrative examples of photoinitiators are 1-
hydroxycyclohexyl phenyl ketone, 2-hydroxy-2-methyl-1-phenyl-propan-1-one,
bis(2,6-dimethoxybenzoyl)-2,4-4-trimethylpentyl phosphine oxide (DMBAPO),
bis(2,4,6-trimethylbenzoyl)-pheny! phosphineoxide (Irgacure 819), 2,4,6-
trimethylbenzyldiphenyl phosphine oxide and 2,4,6-trimethylbenzoyl
20 diphenylphosphine oxide, benzoin methyl ester and a combination of
camphorquinone and ethyl 4-(N,N-dimethylamino)benzoate. Commercially
available visible light initiator systems include Irgacure 819, Irgacure 1700, Irgacure
1800, Irgacure 819, Irgacure 1850 (all from Ciba Specialty Chemicals) and Lucirin
TPO initiator (available from BASF). Commercially available UV photoinitiators
25 include Darocur 1173 and Darocur 2959 (Ciba Specialty Chemicals). These and
other photoinitators which may be used are disclosed in Volume III, Photoinitiators
for Free Radical Cationic & Anionic Photopolymerization, 2™ Edition by J.V.
Crivello& K. Dietliker; edited by G. Bradley; John Wiley and Sons; New York;



Pol ynmeri zation of the reaction m xture can be initiated using the
appropriate choice s of heat or visible or ultraviolet |ight or other neans
depending on the polynerization initiator used. Alternatively, initiation
can be concw@ioesiosspgzhout a photoinitiator using, for eremuksossb®am
However, when a photoinitiator is used, the preferred initiators are

bi sacyl phosphi ne oxi des, such as bis(2,4,6-trinethyl benzoyl)-phenyl
phosphi ne oxide (lrgacure 819(r)) or a conbination of 1-hydroxycycl ohexyl
phenyl 10 ketone and bi s(2, 6-di net hoxybenzoyl)-2, 4-4-trinmethyl pentyl
phosphi ne oxi de (DVBAPO), and the prefet¥ed method of pol ynerization
initiation is visible light. The nost preferred is

bis(2,4,6-trine | benzoyl ) - phenyl phosphi ne gxi.de (l.rgacur 819(r)). The
preferred rangeH(}g’ ‘§‘?‘r\]'861‘f8r-p @ﬁgéfrﬁ'i“r'i’é r‘r%ﬂﬁ’%?ﬁeﬁ‘%‘?‘%"é it gs’le "t‘ﬁ%’ef“é‘e%ti on is
mxture is fromnaeein Sfettire AMmoinRd ©MMitiNSpHORDblymBRIHoPbfaheicaliby mdiget 30 to 85

wei ght percent, apd npst prefergbly about 45 to 75 i ght percent of the
reactive conponeft €M ﬁb‘{“ﬁ%lF‘b%'i’e‘(‘tl%o‘}?“ﬁ?&‘f’ﬂglgl’crﬂqg pr‘Fsé’\f?g‘?aF%‘ff TROPAGET of

hydr ophi | i ¢ mMONPgRferizRicSE e réddtibmRixRROAE be RGNS the approphatfbice 5 t0 80
wei ght percent, nore g,r@f eraFlﬁp a]b ut 10 to 60 wei_ght ercent, and nost
preferably about g of ¥isis qrultglipleplight orpthepmeang dencadipgan.the pelyReRzIient s i n

the reaction m wmiddfop usedhgltepia@l @y, ifflation 04LreRbndicled @ithout B HRGSAfkiaton t he above
invention is fromabout 2 to 70 vveclﬁ'%ﬂht percent, npre preferably about 5 to

50 wei ght per ceting LoRExampis eBpagt dHsver W fPhewinitptos i Y6 JrsiPreserdent of  the
total reaction mitsiow e bikdRGiphsiphife 6:6@RE,sudttasBRE, M@ RRASALLyDPRBGNENT S) .
Preferred conbinations of reactive conponlgnt,s agd Sd | uents are those having
25 from about 2BOSRMINGSAIHE (serchigBLRI & PemRiratier ebhibyirsYAY IARERORRS™Y! about 20

to abowp 40 wekdydte ah@ biyd[6QinEthd:§bERBATEL-4-thinOHy & bhésphife d@ut 20 wei ght %
of an hydroxyl containi ng}corrponent, fromabout 0.2 to about 3 weight % of

a crosslinki ngQMRORRE:, anf thsprefgesdmeghod 8f pabyparizatiopdnitidiondfisitle lightapsor bi ng
WO 2005/ 092987 F@Trh&ésg@%le@%m,a-m%ylm%wmenyi piyepraRIkide AUrgRudbout 10

wei ght % of an ?fg&&l i c polyam de (all base
The preferred range of silicone-containing monomer present in the reaction
15 mixture is from about 5 to 95 weight percent, more preferably about 30 to 85 weight
percent, and most preferably about 45 to 75 weight percent of the reactive
components in the reaction mixture. The preferred range of hydrophilic monomer
present in the above invention is from about 5 to 80 weight percent, more preferably
about 10 to 60 weight percent, and most preferably about 20 to 50 weight percent of
20 the reactive components in the reaction mixture. The preferred range of diluent
present in the above invention is from about 2 to 70 weight percent, more preferably
about 5 to 50 weight percent, and most preferably about 15 to 40 weight percent of
the total reaction mixture (including reactive and nonreactive components).
Preferred combinations of reactive components and diluents are those having
25 from about 25 to about 55 weight% silicone-containing monomer, about 20 to about
40 weight % hydrophilic monomer, from about 5 to about 20 weight % of an
hydroxyl containing component, from about 0.2 to about 3 weight % of a

crosslinking monomer, from about 0 to about 3 weight% of a UV absorbing



upon the weight %of all reactive conponents) and about 20 to about 50

wei ght % (weight %of all conponents, both reactive and non-reactive) of
one or nore of the «clainmed diluents. s The reaction m xtures of the present
i nventi on samobgodfes7ned by any of the nethods known topthusmoskictdoed in the
art, such as shaking or stirring, and used to formpolyneric articles or
devi ces by known net hods. For exanple, the bionedical devices of the
invention may be prepared by mxing reactive conponents and the diluent(s)
with a polynerization initator and 10 curing by appropriate conditions to
forma product that can be subsequently forned into the appropri ate shape by
| athing, cutting and the like. Alternatively, the reaction mxture may be

placed in a nold and subsequently cured info.the .appropri article.

Vari ous process®84E oy “eztr;tf’ a%‘f"(')&%’%‘?‘ﬁ& phfa aF’@Q&F&BﬁE‘H‘f &ﬁ@?sédi nthe is
producti on of cepoh@twdight Sest allirdaetivedbmGorsRts ) uaa sticunT) BABows BAveghiast i ng.

Spi ncasting ne hgﬁsoare discloseg hn U‘S.(gat. Nos. ?,408,429 aﬂd

3,660, 545, and SR oL AL LRI OB GRECLF AU UTFULET of AP OrERe Nos,
4,113, 224 and 4¢ldithéd dentsThe preferred nmethod for produci ng contact |enses
conprising the polyner of .this invention is by th | di of the silicone
hydr ogef's, which i sU@EB‘ifiﬁtfﬂ“d’éff“,ureéﬁgt%‘éﬂréﬁpb'gveﬂﬁ%‘b‘iagge %’"&%H’?‘?"(XI“H\?H t he
final shape of mbod3keswd ®thdsesidlledif thetah] sicH@ishukihg ok Berringand bsddto mi xture is
placed in a nolgd having.the shape.of the final .desired silicone hydrogel,
i.e., mater-smooFBﬁmﬁﬂgyﬁﬁquﬁﬁ eYigFs by 3%Wﬁ$%ﬁxture is subjected to

condi tions wher eby FohexaffipROMie bdmpaital dBVidez 6f thé Mvériien Ry b prephidcbya

pol ymer/diluent m.xture in_ the shgﬁgggf t he %hna desired ﬁrod ct. Then,

this pol ymer/ di PHEReaH %G omwpopentsap uesKs)\xyithia PRlymSFIzALGR IAF fidpve ¢ he
di  uentoand ul t ¢uring 8y ¥pprdpiplaR @Bnditiondtd Brmy@preduct MERALBE iBseqdertly fdriede hydr ogel

havipg o f1nel gLk ot atate M Char UL PSR | lole Ll Sl e and Shbe
2005/ 092987 PCT{ehEn30 e t(k@ 324 Be ptaced3n a mold and subsequently cured into the
appropriate article.
Various processes are known for processing the reaction mixture in the
15 production of contact lenses, including spincasting and static casting. Spincasting
methods are disclosed in U.S. Pat. Nos. 3,408,429 and 3,660,545, and static casting
methods are disclosed in U.S. Pat. Nos. 4,113,224 and 4,197,266. The preferred
method for producing contact lenses comprising the polymer of this invention is by
the molding of the silicone hydrogels, which is economical, and enables precise
20 control over the final shape of the hydrated lens. For this method, the reaction
mixture is placed in a mold having the shape of the final desired silicone hydrogel,
i.e., water-swollen polymer, and the reaction mixture is subjected to conditions
whereby the monomers polymerize, to thereby produce a polymer/diluent mixture in
the shape of the final desired product. Then, this polymer/diluent mixture is treated
25 with a solvent to remove the diluent and ultimately replace it with water, producing
a silicone hydrogel having a final size and shape which are quite similar to the size

and shape of the original molded polymer/diluent article. This method can be used



to formcontact |lenses and is further described in U S Pat. Nos. 4,495, 313;
4,680, 336; 4,889, 664; and 5,039,459, incorporated herein by reference. In
anot her enbodi nent, the lens is formed wi thout acyclic polynmer and after
formati on, wios2opd/@eest i n a sol ution conprising acyclic pestyastwsosés this
enbodinent s the lens is formed from hydrophilic polynmers in anmounts

bet ween about 40 and 100 wei ght % of the reactive conponents. Suitable

sol utions include packing solution, storing solution and cleaning
solutions, Preferably the lens is placed in a packing solution conprising
sai d acyclic polyanide. The acyclic pofyafide is present in the solution in
anount s between about 0.001 and about 10% preferably between about 10 0. 005

and about 2% and re preferably be en .ahout 0,01 an out 0.5 weight %
based upon al | EPJABLHERELIeRsEs 3nds @8’%‘%@?%?@3 Th 'spgilfb‘?fgg’ég?ﬂgi ons of the
invention may beec80336VABEY,660psAdE,089H5H, indbrpbrarll herkiti by sefetedcer t he storage of
contact |enses. Typical squFions i ncl ude mﬁthg@t Iinit?tion,gﬁaline‘

sol utions, other bufPaPuREr eBbNGYedhe lensgs tpupeshyitioyt aguslispolyseanisiter of or r ed

?qu_eous_ sol uti g_fbnin&io?fslik pRecdsAb ilutn cgmpkﬁsaigra'bmié _§615'irﬁiﬁé.n1(ﬁ|tbl§iérﬁlg)dirm:n't hout
imtation, sodium chloride, sodium.borate,. sodiu osphate, sodi um

hydr ogefphosphathg lens b‘cfPW}‘?H Eﬁ°MH@@@%P@%%&F@?‘%W%%“&%E?‘5 & 6‘deﬁ)ﬂ g

pot assi um sal t geight % BEthe aaRtive T ent§) BueEh1E Bl tioas Bclg@Rechg pngRALI ned to

formbuffered solutions that incluyde an %pid qu its conjugate base, so

that addition of'°RgutgHepdsiraping sutions, Jeeigably thy lgnsisplaced naragkipg change in

pH. The buf f er egblafhbinpritng¥aM acyrUelbélyK1ad. | The afyeli¢ipyamide is present in the
2- (N-nor phol i no) et hanesul foni ¢ aci d (N%&), sodi%gl h¥dr?xide,
2, 2- bi s( hydr oxy Pt amousts betwert 3bopy G{01 jaad #peH(i0%, peeterably between about

[
tri s(hyeroxynet byb) amitabylt 2%- a0 moasirérarasly bétvedh bo@®L0d ,an€ hdut @5 aeight, sodi um
citrate, sodium carbonat ,-sodiunlb'ca{bonate, acetic acid, sodium acet at e,
et hyl enedi ani ne "2 B3SEECYROFZL SPTRONGUS f BERUIAR | i ke and conbi nati ons t her eof .

Preferably, the sol ufHe@acking salutib@lofithe invditfor e be anyolaeasddeolatidd wited sal i ne
solution. The solutionasgg%galso i ncl ude known addj tional conponents such

as viscosity adfStétdfRg SOf CORATS (F8SF O Gyracey Sobrpps JBOIBERs MitE6 40

limitation, saline solutions, other buffered solutions, and deionized water. The

15 preferred aqueous solution is saline solution containing salts including, without
limitation, sodium chloride, sodium borate, sodium phosphate, sodium
hydrogenphosphate, sodium dihydrogenphosphate, or the corresponding potassium
salts of the same. These ingredients are generally combined to form buffered
solutions that include an acid and its conjugate base, so that addition of acids and

20 bases cause only a relatively small change in pH. The buffered solutions may
additionally include 2-(N-morpholino)ethanesulfonic acid (MES), sodium
hydroxide, 2,2-bis(hydroxymethyl)-2,2’,2”-nitrilotriethanol, n-
tris(hydroxymethyl)methyl-2-aminoethanesulfonic acid, citric acid, sodium citrate,
sodium carbonate, sodium bicarbonate, acetic acid, sodium acetate, ethylenediamine

25 tetraacetic acid and the like and combinations thereof. Preferably, the solution is a
borate buffered or phosphate buffered saline solution. The solutions may also

include known additional components such as viscosity adjusting agents,



- 24 antimcrobial agents, polyelectrolytes, stabilizers, chelants,

antioxi dants, conbinations thereof and the like. The device is contacted
with the acyclic polyam de under conditions sufficient to incorporate a

| ubri ci ous wad foebg2982 anount of said acyclic pol yam de. BAstT/US205@@640€r €i n, a
| ubricious effective anmount, is an anmount necessary to inpart a |evel of

| ubricity which may be felt manually (such as by rubbing the device between
one's fingers) or when the device is used. It has been found that in one
enbodi nent, where the device is a soft contact |ens, when anounts of
acyclic polyamde as little as 10 ppan?%Vide i nproved lens "feel". Amounts
of acyclic polyam de greater 10 than about 50 pm and nDre preferably

anounts greater_than about 10 ure |on in2mnm of a

LDV def ot bR as Stk R Pty TR Pl S . Dy onounced

i nprovenent i n doakinatidiseheprdt kiaigbellileens may be heat treated to increase the
anount of acyclic p m.de whjch ates a b COMeS ntangled in the

| ens. Suitabl e heat Cljl}'¥g%1f%?1?°§'la e%@%{hg'gacyﬁﬁ? pog’fa@“ ricl‘ﬁ“?g%f‘ Sto is

convent i onal h&ﬁfﬁc&?etnefol1hd02®tdtmlubxydidl@$ffed¢m¢ ﬂﬁbuhf@shid@cﬁcﬁéfﬁcﬂﬁﬁhhwe& of about
120C for tines may be conducted |n an autoclave. |f

heat sterili za‘fsf%'ﬁer?‘g aHBtincffé‘&&#ecf’YFea"t?é{Btkﬁd%E“?%Eecﬁﬁ?y BRIPaB Ayl y heat
treated. Sui tabdfeubrkeymmmmy B feflt ansadlp Quch & byedtibidgteadeRBbetivedl ude at | east

cbout 40C, and pLElERah o ubchaten 3000 P00 and Ls ol LLng,pennt o (ne
mnutes. |t w | Whédpethapguiceds aioétd:ohthatlenb,iv@hﬁﬁmomaf)&llupcﬂﬁadﬁﬂd ds limkqui re | ess
RN T IVIC SN TR R NG
particuparly us@indbout30¢ph, at e picfeesbly antdutid @realepthai sbout@OPpmeoOnt ent , oxygen
perTeabi 1y o et L 2o, Tl Ehe SToRdLEDL, L b omed ca
17% pref er abl yhdyrspadder mérb pronadieet impikedént inf¢l € ThdfackapedRhymay Rakar t han
about 25% treated to increase the amount of acyclic polyamide which permeates and becomes
entangled in the lens. Suitable heat treatments, include, but are not limited to
15 conventional heat sterilization cycles, which include temperatures of about 120°C
for times of about 20 minutes and may be conducted in an autoclave. If heat
sterilization is not used, the packaged lens may be separately heat treated. Suitable
temperatures for separate heat treatment include at least about 40°C, and preferably
between about 50°C and the boiling point of the solution. Suitable heat treatment
20 times include at least about 10 minutes. It will be appreciated that higher
temperatures will require less treatment time.
The biomedical devices, and particularly ophthalmic lenses of the present
invention have a balance of properties which makes them particularly useful. Such
properties include clarity, water content, oxygen permeability and contact angle.
25 Thus, in one embodiment, the biomedical devices are contact lenses having a water
content of greater than about 17%, preferably greater than about 20% and more

preferably greater than about 25%.



WD 20051092987 PCT/ US2005/ 006640 - 25 As used herein clarity means
substantially free fromvisible haze. Preferably clear |enses have a haze
val ue of less than about 150% nore preferably | ess than about 100%
Sui t abl e oxymmwsqpesgreabi lities for silicone containing penassoswmsqr ef erably
s greater than about 40 barrer and nore preferably greater than about 60
barter. Al so, the bionedical devices, and particularly ophthal mc devices
and contact | enses have contact angles (advancing) which are | ess than about
80, preferably less than about 70 and nore preferably | ess than about 65.

In some preferred enbodi ments the artick®es of the present invention have
conbi nations of the 10 above descri bed oxygen perneability, water content

and contact angl e. onpi atlons of the ove ran s are d to be
wi thin the present i%ﬁ)’éﬁf]i‘eéﬂn aﬁ‘ﬁ@‘eﬁ’gﬁ"?%ﬁ"ilﬁﬁﬁfegfg‘ & hazes B‘(Rf%f%ﬁ't her
describe this i alwnéds&maveTmz@Iyanmmesmm aolit 1309| Mo prdf¥zdbly Westhareasur ed at
23C, with borate g}q fered saline, using a Wlhelny balance. The wetting

f orce bet ween tﬁ@“ &is surface and borate buffered saline is measured

using a Wl hel ny ni cquitbtié aygen pdinbadilititdor SRivRé a)n&ﬁrﬁhgﬂeﬁddi art pRPerdblie cent er
portion_of the Ie rate of 100

ei i rmer ed into i
m crons?sec . atF’o‘h"tﬂ%P dg@ﬁ‘ﬂeélap more prefi ?—‘eater%{}"’ﬁ 4) 683‘“@- cos" (F/ 2yp)
20 where F is the WeATkd, i@ bidniedRal dévicss, AdagasidilidCephtiensit asvicet addne probe
liquid, pis the perlrreter of the sanple at the meniscus and Bis the

contact angle. W‘ﬁic&lﬁm@?havfW“C&Wf%&d"%ﬁ‘%@‘%}?‘ge gt Bamadeu96m a dynani ¢

wetting experi ”B@?era‘blﬂ@éé%ﬁ'aﬂ&xt 8@ Hhaflore REL Ry RIOMALARHI 638, mQABhact angl e.
Advanci ng cont act an&; e is obtained fromthe “portion of the wetting

experi ment wher preferred embgslirecnisshaysti¢les of thewresend invention hine combisatismeof thequi d, and
these gpe the V%&@ﬁesEﬁd%ﬁ & tEé‘rﬁ%Mny%Eatér%@rﬁém EerJcrogtlagt%EQQ R each

conposi tion are neasur ed e averdge 1s report wat er content was
nmeasured as fol Pmﬂatlpwé@ abpvegangesare debmed facbeayithinibe present invention.

The non-limiting examples below further describe this invention,
The dynamic contact angle or DCA, was measured at 23°C, with borate
buffered saline, using a Wilhelmy balance. The wetting force between the lens
15 surface and borate buffered saline is measured using a Wilhelmy microbalance while
the sample strip cut from the center portion of the lens is being immersed into the

saline at a rate of 100 microns/sec . The following equation is used

F = 2ypcosO or 6= cos'l(F/2yp)

20 where F is the wetting force, y is the surface tension of the probe liquid, p is the
perimeter of the sample at the meniscus and 6 is the contact angle. Typically, two
contact angles are obtained from a dynamic wetting experiment — advancing contact
angle and receding contact angle. Advancing contact angle is obtained from the
portion of the wetting experiment where the sample is being immersed into the

25 probe liquid, and these are the values reported herein. At least four lenses of each
composition are measured and the average is reported.

The water content was measured as follows: lenses to be tested were allowed

to sit in packing solution for 24 hours. Each of three test lens were removed from



to sit in packing solution for 24 hours. Each of three test lens were
renmoved from WO 20051092987 PCT/ US2005/ 006640 - 26 packing sol ution using
a sponge tipped swab and placed on blotting w pes which have been danpened
wi t h packiwg 268JoydokoNn. Both sides of the | ens were contPAOrTEs3005PGsH0 t he wi pe.
Usi ng tweezers, the test lens were placed in a weighing pan and wei ghed.
The two nore sets of sanples were prepared and wei ghed as above. The s pan
was wei ghed three tinmes and the average is the wet weight. The dry wei ght
was neasured by placing the sanple pans in a vacuum oven which has been
preheated to 60C for 30 m nutes. Vacuum was applied until at least 0.4
inches Hg is attained. The vacuum val ve and punp were turned off and the

I enses were driggifhbolfi@usiipY spongelijipePiaBAny bl NBRHURRIRL wiitd the oven
was 10 al | owed ?‘ga‘c %t rmsughgr.ipc%n%?g@gur.e. 'T’hglgar?s vve?‘g rgeqm)ved and

wei ghed. The whavepeanslampened wath pecking splutiend Bath sidsp piohig lenseere gesitagied = conbi ned
wet wei ght of pRin ARGbENRRE twedtbib Y 1o fent B b Biab iR Vei jght = conbi ned
dry weight of pan and l+ éns%—% Weéei ght ot? v%%l\ghi ES pe{n fgp[%é Xﬁtaéenrg content =
(wet wei ght - dwgighedi Jhe jwomare setyeftsamplpgyiare maparedand avgighedhad abevendbe d

devi atign of thg, wal&l: it S1dGRd & i€hef : sanpl es are reported.
20 Modul us was %é‘asurgﬁgd;&%gilﬁggthgﬁécar g%g]lea§“%¥wg‘ggtbnst_ant rate of
nmovement type tensi | eThadsy Waightivas meamiraddbyipfipiad theisemple pansdmla vashimt hat i s

| owered to the_j.nifial [ 0 ' t ' aj.ne .+ ncl udes an
| nstron nodel lﬁ‘lfg .“Ih"ﬂhég%? ggrﬁge%gcﬁgé)éeodég%%}r@ ‘gsm‘ﬁg&dé‘p 8?@5@‘%@“1 | engt h,

0. 276 i nch " ear 4t legstdt-fhingled HgGs Atbed. nBe vaquemkvalvesantt pumpasert tirdd dffiand 0 t he
grips and el ong f j i .o until it

Bt oke. “The i ni P erga sl GRATIANL ph @ pufe? B)d B bplleatnd BeBlinllel o1
break (bf) wer ealinnad mackdatmdsphbnceprespeei Tiermenofere eotovabandowighedrithewer e

measur ed and th%atzélyc%%%gtewgsscalrcﬁggé&nglhw‘lggnsi | e nbdul us was neasured at the

Wet weight = combined wet weight of pan and lenses — weight of weighing pan
Dry weight = combined dry weight of pan and lens — weight of weighing pan
15 % water content = (wet weight — dry weight) x 100
wet weight

The average and standard deviation of the water content are calculated for the
samples are reported.
20 Modulus was measured by using the crosshead of a constant rate of
movement type tensile testing machine equipped with a load cell that is lowered to
the initial gauge height. A suitable testing machine includes an Instron model 1122.
A dog-bone shaped sample having a 0.522 inch length, 0.276 inch “ear” width and
0.213 inch “neck” width was loaded into the grips and elongated at a constant rate of
25 strain of 2 in/min. until it broke. The initial gauge length of the sample (Lo) and
sample length at break (Lf) were measured. Twelve specimens of each composition
were measured and the average is reported. Tensile modulus was measured at the
initial linear portion of the stress/strain curve.
The dynamic coefficient of friction of the contact lens was measured using a

30 Tribometer, Model UMT-2 unit, with a pin-on-disk sample mount. The contact lens



initial linear portion of the stress/strain curve. The dynam c coefficient
of friction of the contact |ens was neasured using a 30 Triboneter, Model
UMT-2 unit, with a pin-on-di sk sanple nount. The contact | ens WO 2005/ 092987
PCTI US2005Mapf68i®2987 27 sanple was renoved fromits paekrmwgmesbassdoon and

pl aced on the tip of the "pin® wth the center of the lens on the pintip
and pressed against a highly polished stainless steel disk noving at a
constant speed of either 10 or 15 cm sec. Loads of 3, 5, 10 and 20g were
used. The duration at each | oad was 25 seconds and all 5 nmeasurenents were
taken at anbient tenperature. The resi st@nt frictional force was neasured
and was used to calculate the coefficient of friction using the follow ng

formula: g= (F-f where g= coefficient.of friction F= asured frictional
force. tf 10 PUPRRA ] FoT gtk Saion and Badsi o s e 4T B I act o due
:cens def olr mat i owith mueémeasfmehyiddsraﬁlhé lpiﬂ tigﬂﬁﬂ presaddedghinstiadlighfiisolistea g ensi on )
orces, elasticity, etc... normal | oad Seyen.lenses re test or eac

| ens type. The YBUPFES %élﬁll]\":“&‘”"lgraf %anﬁtﬁ“tmgopq'l%bergéé)f égeﬂag%i%%p’égt ed. Haze
is measured by pliaehdWgaveiysledt B duRsibn dtesh 16ad WasLfiRokidbhi®dled saline in a
clear 20 x 40 x 10 nn1g|ass cel | gt anbi ent tenperature ab ¥e a flat black
background, i |'PEASYRRETHYCE FER PaMBIriprRerale Hisregiiant ot WE TF%Yan Tool
Supply Co. fi bemeasfrtd nd was gkud tedldulae the cadffrivat dfridtiog hiingthe dlosaiy at a power
setting of 4-5.§?lﬁp Q? %wgle 66 20 normal to the lens cell, and capturing
an i mage of theA WG ELBIES normal to the lens cell with a video
canera (DVC 13000: 19236effRGEht oaftiefigh W th Navitar TV Zoom 7000 zoom | ens)

pl aced 14 mm above %ﬁe quﬁgplatfﬁxnl ﬂ?e background scatter is subtracted
fromthe scatter of 't mapEgdtigienaligee-{&ki ng an i mage of a bl ank
10 f= actual frictional force

f= experimental artifacts due lens deformation, such as dehydration and
interfacial surface tension forces, elasticity, etc.
N= normal load
Seven lenses were tested for each lens type. The coefficient of friction were
15 averaged and reported.
Haze is measured by placing a hydrated test lens in borate buffered saline in a clear
20 x 40 x 10 mm glass cell at ambient temperature above a flat black background,
illuminating from below with a fiber optic lamp (Titan Tool Supply Co. fiber optic
light with 0.5 diameter light guide set at a power setting of 4-5.4) at an angle 66°
20 normal to the lens cell, and capturing an image of the lens from above, normal to
the lens cell with a video camera (DVC 1300C:19130 RGB camera with Navitar TV
Zoom 7000 zoom lens) placed 14 mm above the lens platform. The background
scatter is subtracted from the scatter of the lens by subtracting an image of a blank
cell using EPIX XCAP V 1.0 software. The subtracted scattered light image is
25 quantitatively analyzed, by integrating over the central 10 mm of the lens, and then
comparing to a -1.00 diopter CSI Thin Lens®, which is arbitrarily set at a haze value
of 100, with no lens set as a haze value of 0. Five lenses are analyzed and the results

are averaged to generate a haze value as a percentage of the standard CSI lens.



cell using EPI X XCAP V 1.0 software. The subtracted scattered Iight inmage is
25 quantitatively analyzed, by integrating over the central 10 mm of the

| ens, and then conparing to a -1.00 diopter CSI Thin Lens(r), which is
arbitrari |l wembs/aea haze value of 100, with no | ens secrasastme® val ue of
0. Five lenses are analyzed and the results are averaged to generate a haze
val ue as a percentage of the standard CSI |ens. WO 2005/092987

PCT/ US2005/ 006640 - 28 Oxygen perneability (Dk) was determ ned by the

pol ar ogr aphi ¢ nethod generally described in |SO 9913-1: 1996(E), but wth
the follow ng variations. The nmeasur emeff is conducted at an environnent
containing 2.1 % oxygen. This environnent is created by equi pping the test

chamber with nitrogen and air inputs s set at . the appropriate ratio, for

exanpl e 1800 ni / m b OHYER FTBERHIAIHE sotaTien bofe PaRReRpHEmEmes | o

cal cul at ed usi ngedefafly dekictisddesl 196013 BOTREE), bt W6t e f@plvidgeam@mndiSed. The

dark current was neasured b uifn%ba Bure hunidifieﬂ ni trogen environnment
pded apppeny B

i nstead of appl JACHYTRAGR 1f & pruRsot gopaining & I8 oxyeeR g st or e
measuring. FouenJieAfas iseéatddly aglfing thetaahhntter with AigroLeanne sir putvar i ed

t hi ckness. A curved, 10 sensor was used. i |l ace af . a fl at nsor. .The

resul ti g Dk vaPtha: heaRpErsete aor fr cpapled P mERE o itogen g 2AEBPBA ot i ons wi 11

t2)e used t hrougheidt Tﬁ&tﬂ)lﬁxlamagaﬁi lgmg tm&gﬁstgd . geﬂgiemoffagd E&iﬁﬂ%ﬁﬁ&llﬁfdlS Si GVA
- propenoi ¢ aci - met -, 2- roxy-3-[3-11, 3, -tetranet -| -

[ (trimethylsil qu’ﬂ“bi‘v'f e i%%?d???%/“fﬂrobdﬁ‘é%g’BY‘EEW“‘E??@F’OM“"”°‘¥“‘C“‘

N, N-di met hyl acr ysead éfeppliinlyMMA heagdsO THelehygs were hbiestsnel 8éferemidalrng00- 1000 MWV

oot P RoRrBY feck Sl il oF e ot e Mk less & Slvad

2- (2" - hydr oxy- Ssdiedrivas uyedyn plxeeal B b abeoy | The 2dsulbiegDRVilu@E @dportedGid 1850 1:1
(wgt) bl end of %&gxgroxycyclohexyl phenyl ketone and bis(2, 6-

The following abbreviations will be used throughout the Examples and have

the following meanings.

15 SiGMA 2-propenoic acid, 2-methyl-,2-hydroxy-3-[3-[1,3,3,3-tetramethyl-1-
[(trimethylsilyl)oxy]disiloxanyl]propoxy]propyl ester
DMA N,N-dimethylacrylamide
HEMA 2-hydroxyethyl methacrylate
mPDMS 800-1000 MW (M,) monomethacryloxypropyl terminated mono-n-
20 butyl terminated polydimethylsiloxane
Norbloc 2-(2’-hydroxy-5-methacrylyloxyethylphenyl)-2H-benzotriazole

CGI 1850 1:1 (wgt) blend of 1-hydroxycyclohexyl phenyl ketone and bis(2,6-
dimethoxybenzoyl)-2,4-4-trimethylpenty] phosphine oxide
CGI 819 bis(2,4,6-trimethylbenzoyl)-phenylphosphineoxide
25 PVP poly(N-vinyl pyrrolidone) (K value 90)
Blue HEMA the reaction product of Reactive Blue 4 and HEMA, as described in
Example 4 of U.S. Pat. no. 5,944,853
IPA isopropyl alcohol



di met hoxybenzoyl ) -2, 4-4-trinmet hyl pentyl phosphi ne oxide CA 819

bi s(2, 4, 6-trinethyl benzoyl) - phenyl phosphi neoxi de 25 PVP pol y(N-vi nyl
pyrrolidone) (K value 90) Blue HEMA the reaction product of Reactive Blue 4
and HEMA, &m0 thesonddred in Exanple 4 of U S. Pat. no. 5p@tAistih8odstd

i sopropyl al cohol WD 2005/092987 PCT/ US2005/ 006640 - 29 D30

3, 7-di net hyl -3-octanol DI water deionized water TEGDVA tetraethyl enegl ycol
dr met hacryl ate PVMA pol y(N-vi nyl - N-nret hyl acet ami de) (prepared in Preparation
2) s nPDVB- OH nono- ( 3- met hacryl oxy- 2- hydr oxypr opyl oxy) propyl term nated,
nmono-butyl termi nated pol ydi net hyl si | ox&fe -(MN 1100) Prepared as in
Preparation 1 acPDVS bi s-3-acryl oxy-2- hydr oxypropyl oxypr opyl

pol ydi net hyl si | gxane (MW -1000? commercially available from CGel este, Inc,
of Tullytown PAUhder t he7-AREY -Srectang| ydi net hyl si | oxane acryl oxy termn nated
DVS- U22. Macr onprwdirepar @gbnasd f@scri bed in US20030052424, Exanple | TMPT MA
trimethyl ol propane _trimethacrylate BACGE boyic acid ester of glycerin MA

met hacryl i c aci FGRMfy galetpethyienstycol dimgthasmjatent ) bl end

of 2- hydr oxy- 2- netMx! - | - Lvidd/l-PPREthYlacRAMidePPeepared in Preparation 2)
bi s(2, 6-di met hoxybenzoyl)-2, 4, 4-trimethyl pentyl phosphi ne oxi de Zeonor Cyclo
ol efin % her mopl® Cﬁ% VoRe Creshacnigyydrhydeuyprenyloxy)prepy! temigateds at i on 1 20 A

three neck, 500fdnoltRMNetrRRh®pRIFdiRekyISRMARRREY M doh PRepaR@Aeii C Stirrer,
reflux condensor w drying tube, and a thernocouple was charged with 5.0 g
(0. 054 Preparation |
acPDMS bis-3-acryloxy-2-hydroxypropyloxypropy! polydimethylsiloxane (MW
~1000), commercially available from Geleste, Inc, of Tullytown PA under the name
10 Polydimethylsiloxane acryloxy terminated DMS-U22.
Macromer Prepared as described in US20030052424, Example 1

TMPTMA  trimethylolpropane trimethacrylate

BAGE boric acid ester of glycerin
MAA methacrylic acid
15 Irgacure 1700 A 75/25% (wt) blend of 2-hydroxy-2-methyl-1-phenyl-propan-1-one

and bis(2,6-dimethoxybenzoyl)-2,4,4-trimethylpentyl phosphine oxide
Zeonor Cyclo olefin thermoplastic polymer from Nippon Zeon Co., Ltd.

Preparation |

20 A three neck, 500mL round bottom flask equipped with a magnetic stirrer,
reflux condensor w/drying tube, and a thermocouple was charged with 5.0 g (0.054
mole) dry lithium methacrylate. Methacrylic acid (50.0 g, 0.584 mole) and 1.0 g p-
methoxyphenol were added to the system, which was stirred while adding 200 g
(about 0.20 mole) monoglycidoxypropyl polydimethylsiloxane (1000 My) to the

25 flask. The reaction mixture was heated to 90°C. The mixture was heated for 15 hours
at the given temperature, allowed to cool to ambient conditions, and diluted with
250mL of ethyl acetate.

The organics were washed two times with 250mL of 0.5N aqueous sodium

hydroxide. Once all the methacrylic acid present in the mixture was neutralized,



nole) dry lithiumnethacrylate. Methacrylic acid (50.0 g, 0.584 nole) and
1.0 g p- nethoxyphenol were added to the system which was stirred while
addi ng 200 g (about 0.20 nole) nonoglyci doxypropyl polydi nethyl sil oxane
(1000 MN) ™ toopod2887f | ask. The reaction m xture was heapet/usmoS0ess0The

m xture was heated for 15 hours at the given tenperature, allowed to cool
to anbient conditions, and diluted with 250nL of ethyl acetate. The
organi cs were washed two tines with 250nm of 0.5N aqueous sodi um hydroxi de.
Once all the methacrylic acid present in the m xture was neutralized, WO
2005/ 092987 PCT/ US2005/ 006640 - 30 sepitation of the two |ayers
dramatically slowed down. The third and fourth washes were perfornmed using

an aqueous sol ution.of .Q. 5N sodi ym hydr.oxi de, and 5% w /val une sodi um

chl o?i de in or d%?Parf’tbO"s"[Sg’@dW%E’y?rﬁgra 8%“3[‘%1%3?‘6‘?9 %FVBC@?S@%?M%S% wer e
dried over 309 wérepediotaie®ukingSadiubdusdslitiah 6f0.0sbdiunl hydksxele afid 5r ough a
fritted gl ass fwn?l cog.tai n‘ﬁrl}lg .759 of f!efgsh rade silica gel to renove any
remai ni ng sal t sV YPlmResodivay chiprderinorder fo spepd up iz SeRaralion Peeesyol ati | e nateri al
ITR a ro;I ar%/ evapor gt}@b;gﬁﬂicm m«;w%@é)@bemw&xsl@tdiamﬁmé,laﬁc%ﬁellteyqdl tOW‘gar.

e product, nono-(3- acryl oxy- 2- r ox 0 XVY.).pr o er m nat ed,
m)noP but yl terrﬁhﬁ’éféléﬁ?’ﬁ‘t‘ifiﬁﬁf‘y ‘E"r‘?ijl‘f°§ial"§}8§ﬁ§XE‘ﬁﬂ?x%@g‘b%;?'ga\ﬁﬁg%ir%v&?% as aio
col orl ess, cl eafemaintfigisslts id 1hd sPtem. T8e fifttate WS BB AL bIOMle fhafdrisOh Widtap of 20 m
N-vi nyl - N-net hyl act am d - but anpl and Jéfy]?()m%gr azobi si sobutyronitrile

o .

20 gt
was degassed unﬁ’éPm@tﬁbﬁgﬁ]C ‘t"ﬂg‘ri‘ Hiessitraof approyae! hours to is produce a
vi scous cl ear sol ut iThe prodibd, MdnonBinteeactylown3-hadte g rapRidxy)pRpil téiiatedyas

transferred to a flask for rqtary evaporati er solvent was renoved the
pol ymer was di 98 t‘?rﬁ‘"‘fﬁgp%x‘ﬁ‘é{f’%‘lﬁ)‘@‘ﬁ@ @m’dﬁoé’ewaéﬁﬂ’latt%’e“ﬁol yNer was

preci phé at ed bycolaliel, tlestniqeill, ABOQI7917%4. hexane. The precipitate was squeezed
to renbve excess solvent, and dried under vacuum overni ght to produce 12.3

g PVMA as a white solid.
Preparation 2
A solution of 20 ml N-vinyl-N-methylactamide, 20 g t-butanol and 15.5 mg

azobisisobutyronitrile was degassed under vacuum, then heated to 75°C for 16 hours to
15 produce a viscous clear solution. 150 ml methanol was added and the mixture was
transferred to a flask for rotary evaporation. After solvent was removed the polymer
was dissolved in 100 ml methylene chloride and the polymer was precipitated by
addition of about 1 L hexane. The precipitate was squeezed to remove excess solvent,
and dried under vacuum ovemight to produce 12.3 g PVMA as a white solid.
20

PVMA Preparation

A solution of 102.5 g N-methyl-N-vinylacetamide, 102.5 g t-butanol and
46.5 mg 2,2’-azobisisobutylnitrile was deoxygenated by bubbling N, gas through it
25 for one hour. The solution was heated to 75°C with stirring under N; for 16 hours.
Solvent was evaporated from the resulting viscous solution under vacuum. The
resulting crude polymer was dissolved in 250 ml CH,Cl;. 2.5 L hexane was added

to precipitate polymer. The resulting solid polymer mass was broken into pieces and



20 PVMA Preparation A solution of 102.5 g N-nethyl -N-vinyl acetam de, 102.5 g

t - but anol

and 46.5 ng 2,2'-azobisisobutylnitrile was deoxygenated by

bubbling N2 gas through it 25 for one hour. The solution was heated to 75C
wi th stirrwgzoesiebess7N2 for 16 hours. Sol vent was evapor atedsicogmstfe

resul ting viscous solution under vacuum The

dissolved in 250 mM CH2Cl12. 2.5 L hexane was added to precipitate

The resulting solid pol yner
PCT/ US2005/ 006640

resul ting crude pol ynmer was

pol ynmer.

mass was broken into pieces and WO 2005/ 092987
- 31 dried under vacuum at 80C. Mbl ecul ar wei ght

anal ysis by GPC showed MN and Mwv of 366°H00 and 556, 000 respectively.

Exanple 1 s Cont act

| enses were nade fromthe fornulation listed in Table 1,

DL T GRS WAL ool 7 27

PVMA 1.082 7. 03MwWGEBEGEE dnd BF6}000.résPedtisély.di | uent) 4.602 23.0l b Excl udi ng

di | uent.

b Wth respect to final reactive nononer m x. The nononer

was degassed by placing it under vacuum for 30 m nutes, and

10

15

20

Example 1

Contact lenses were made from the formulation listed in Table 1, below.

Table 1
Component Amount (g) Wt%*
mPDMS 4.771 30.98
SIGMA 4307 27.97
DMA 3.692 23.98
HEMA 0.929 6.03
TEGDMA 0.232 1.51
Norbloc 0.311 2.02
PVMA 1.082 7.03
CGI1850 0.074 0.48
D3Q(diluent) 4.602 23.01°
* Excluding diluent.
P With respect to final reactive monomer mix.

The monomer mixture was degassed by placing it under vacuum for 30 minutes, and
then used to make lenses in a nitrogen box (Zeonor front curves and polypropylene
back curves, 50°C) under four parallel visible light Philips TLO3 fluorescent lamps
(30 minute cure). The lenses were demolded manually and released in 70:30 IPA:DI
water. The lenses were then soaked in the following solutions for the times
indicated: 100% IPA (1 hour), 70:30 (vol) IPA:DI water (1 hour), 10:90 IPA:DI
water (1 hour), DI water (30 minutes). The lenses were stored in fresh DI water.

The lenses felt highly lubricious upon touching. For haze/DCA analysis (Table 2)
lenses were autoclaved once (122.5°C, 30 minutes) in 5.0 mL packing solution
(borate buffered saline solution), while for mechanical properties and water content
(Table 2), the lenses were autoclaved once in packing solution containing 50 ppm

methylcellulose.

m xture



10 then used to make lenses in a nitrogen box (Zeonor front curves and

pol ypropyl ene back curves, 50C) under four parallel visible |ight Philips
TLO3 fluorescent lanps (30 mnute cure). The | enses were denol ded nanual |y
and rel easgg Hhdd 082330 | PA DI water. The |enses vere tharrreadsadesin t he
followi ng solutions for the tines indicated: 100% | PA (1 hour), 70:30 (vol)
| PA-DI water (1 hour), 10:90 IPA:D 15 water (I hour), D water (30

m nutes). The lenses were stored in fresh DI water. The |enses felt highly
| ubri ci ous upon touchi ng. For haze/ DCA angl ysis (Table 2) |lenses were

aut ocl aved once (122.5C, 30 minutes) in 3207 nL packi ng solution (borate
buffered saline solution), while for nechani cal properties and water content
(Table 2), the I enses were autoclaved once in packing solution containing 50
ppm 20 nethyl cel |l ul ose. WD 2005/ 092987 lCeTE/ US2005/ 006640 - 32 Table 2.
Property Val ue = : - ) = For—M=5) 175+ -41%

Wat er content (n=¢ 9 BO904 Haze S+ dvane{ Ng contact angle 42
+/ 18 (n=4) The propModrism=p) Tabl e 2 dem8iét4Rste that PVMA can be

i ncorporated i ntoja Horggdmdged) conpositi &h tled4f%rm an ajticle having

desi rabl e mechani ¢alwpeopethi(®@s9) Exanpl e 32 +Cavact | ensps were made from
the forrmulation listedy,n Jabl e 3, below. ,gl0 Jgble |I. Conponent Amount used

(9) Percent’ nPDV& CHG U/ o o7
(n=4)

42 +/-18°

The properties in Table 2 demonstrate that PVMA can be incorporated into a

5 hydrogel composition to form an article having desirable mechanical properties.
Example 2
Contact lenses were made from the formulation listed in Table 3, below. .
10 Table 3..
Component Amount used (g) Percent®
mPDMS-OH 0.87 52.57
acPDMS 0.0427 2.58
DMA 0.394 23.81
HEMA 0.228 13.78
PVMA 0.116 7.01
CGI 819 0.0041 0.25
Diluent:
t-amy! alcohol 1.351 4495
* Excluding diluent.
® With respect to final reactive monomer mix.

The monomer mixture was degassed under vacuum for 10 minutes, and then used to
make lenses in a nitrogen box (Zeonor front curves and polypropylene back curves,
50°C) under four parallel Philips TLO3 lamps (20 minute cure). The lenses were

15 demolded manually and immersed in 30:70 IPA:DI water for 10 minutes. The lenses
were released in ~1L of boiling DI water, then transferred into packing solution. The

lenses felt highly lubricious. For DCA analysis lenses were autoclaved once



acPDMS 0. 0427 2.58 DMA 0.394 23.81 HEMA 0.228 13.78 PVMA 0.116 7.01 Cd
819 0.0041 0.25 Diluent: 1-anyl alcohol 1.351 44.95 Excluding diluent. b
Wth respect to final reactive nmononer m x. The nononer m xture was degassed
under vacuwa 1005/092087m nut es, and then used to mnake | enBewUSWOR0MGE4r 0Ogen box
(Zeonor front curves and pol ypropyl ene back curves, 50C) under four
parallel Philips TI-03 lanps (20 m nute cure). The | enses were 15 denol ded
manual Iy and imersed in 30:70 PA-D water for 10 m nutes. The | enses were
released in -IL of boiling D water, the%ct& ansferred into packing sol ution.
The lenses felt highly lubricious. For anal ysis | enses were autocl aved
once WO 2005/092987 PCT/ US2005/ 006640 - 33 (122.5C, 30 m nutes) in packing

solution (5.0 o advanci ng,cont act I s, determ ned to be 45 5.
Conpar ati ve Exgzﬁ%)?’f%&?%??wu%%d%%ém& S%IUM‘Q&L%I gﬁégaedsva%}gecoﬂlﬁﬂéngl? om t he
formul ati ons |iwisedtethindBbloe44+ shel ow. Table 4.. Conponent Conp. )E x. 3

Ex. 4 (wwt%* nPDV5-OH 50.00 49.97 Macroner ** 10.01 9.99 AcPDM5 2. 02 2. 00
DVA 20. 00 20.05. HEMA 8.52 8.53

Comparative Example 3 and Example 4

s Contact lenses were made from the formulations listed in Table 4, below.
Table 4..
Component Co&i’%ﬁf' 3 Ex. 4 (wt%%)*
mPDMS-OH 50.00 49.97
Macromer ** 10.01 9.99
AcPDMS 2.02 2.00
DMA 20.00 20.05
HEMA 8.52 8.53
Norbloc 2.20 220
PVP 360,000 7.00 -
PVMA - 7.02
CGI 819 0.25 0.25
Diluent:
t-amyl alcohol 45" 45"
* Excluding diluent.
® With respect to final reactive monomer mix.
Macromer preparation described in U.S, 2003/0052424

The monomer mixes were filtered through 3 pm pore filter before use. The

10 monomer mixtures were degassed under vacuum for 15 minutes, and then used to
make lenses in a nitrogen box (Zeonor front curves and polypropylene back curves,
50°C) under four parallel Philips TL0O3 lamps (30 minute cure). The lenses were
demolded manually, released in ~1L of boiling DI water, and then transferred into

packing solution. Table 5 summarizes the properties of the lenses.
15



Nor bl oc 2.20 2.20 PVP 360,000 7.00 -- PVMA -- 7.02 CdA819 0.25 0.25
Diluent: t-anyl al cohol 45b 45" Excluding diluent. b Wth respect to final
reactive nononer mx. Macromer preparation described in U S. 2003/0052424
The nmononewonwsenryEre filtered through 3 smpore filtepchabmosowse. The 10
nmononmer m xtures were degassed under vacuum for 15 m nutes, and then used to
make | enses in a nitrogen box (Zeonor front curves and pol ypropyl ene back
curves, 50C) under four parallel Philips TLO3 |anps (30 m nute cure), The

| enses were denol ded nmanually, released in -1 L of boiling DI water, and
then transferred into packing solution.24Table 5 summarizes the properties
of the lenses. 15 WO 2005/092987 PCT/ US2005/ 006640 - 34 Table 5. Property
Comp. Ex 3 Ex 4 Dk 171.5 - Mddulus (n=5)_88 +/- 6 psi 92 +/- 10 psi

El ongation (n=5 &9 _content {n=9) 356 +/- 0.5%38.6

+/ - 0.3% Haze (n=5frPorto +/. 3 dmmpaEx3 4. B goy ront act 594/ - 70
50+/-90 angl e|(n=5)DkDi d not neaddté. -
Modulus (n=5) 88 +/- 6 psi 92 +/- 10 psi
Elongation (n=5) 216 +- 1% 232 +/- 30%
Water content (n=9) 35.6 +/- 0.5% 38.6 +/- 0.3%
Haze (n=5) 12.9 +/- 3.9% 143 +/- 3.8%
Advancing contact 59 +/-7° 50 +/- 9°
angle (n=5)

* Did not measure.

A study was conducted to assess the relative lubricity of lenses containing PVP
5 (Example 3) against lenses containing PVMA (Example 4). Seven subjects were

masked from the identity of the lenses, and provided two vials containing a single
lens. One vial contained a lens from Example 3 (which contained PVP), and the
other contained a lens from Example 4 (containing PVMA). Each subject was asked
to subjectively rate which lens felt more lubricious. All seven subjects picked the

10 lens of Example 4.

The dynamic coefficients of friction (COF) of the lenses of Examples 3 and

4 were measured. The measurements were done using a polished stainless steel as
the reference surface and the test speed was at 15 cm/s. All measurements were
done in the lens own packing solution from the package.”

15 The data in Table 6 show that incorporation of 7% PVMA in silicone hydrogel

lenses provided more lubricious lenses than incorporation of 7% PVP.

Table 6.
Ex. # IWA COF
C3 PVP 0.07 (0.01)
4 PVMA 0.038 (0.004)

20 Table 6 shows that the lenses with PVMA have a COF of about half that of PVP.



A study was conducted to assess the relative lubricity of |enses containing
PVP 5 (Exanpl e 3) against | enses containing PVMA (Exanple 4). Seven subjects
were nasked fromthe identity of the | enses, and provided two vials

cont ai ni ngwo siosgd2es7 | ens. One vial contained a | ens freorEszopbmeed (whi ch
contai ned PVP), and the other contained a | ens from Exanple 4 (containing
PVMA) . Each subject was asked to subjectively rate which lens felt nore

| ubricious. Al seven subjects picked the to | ens of Exanple 4. The dynam c
coefficients of friction (COF) of the |enses of Exanples 3 and 4 were
measured. The neasurenents were done u§iﬁg a polished stainless steel as

the reference surface and the test speed was at 15 cm's. Al neasurenents

were done in tI%e Alqgsss ol packi ng solution fromthe package." 15 The data
in Table 6 showﬂ’%a‘f—rntg&por ation of 7% PVMA in silicone hydrogel |enses

provi ded nore | ubri cj. i i 0 6. Ex. #
"W G G3 e o0, 07 0ot F AR EOER e B BB P B E NS OB e
| enses with PVM& lohnsen Y iBarCass, lagporere Washéd in herateppfferedsaling) 5S2066/0062987

PCT/ US2Q05/ 0066 - _oh- r tact

| enses ?connerc?gpwggggél agﬁghgg%ﬁyﬁgﬁﬁgéﬁ'E@?ﬁ%ﬁﬁggﬁ£5%??8%ﬁ e@%? I nc.)
were washed in bothgiteer B6 61508 gipm XVMYeIn(bBratd Yudlered salime s@ution, dssheve)int 0 r enpve
any residual TWEEN. s, i ith either 250
or 500 ppm PVMA i neg’gorezlalot e d&?ﬁgr&géiégﬁi@gg@gﬁ%f&gﬁwﬁah '%‘VX# in Table 7,
bel ow and st eri ldetzewingdiand G re@itedriniiabled) . The contact angle was deternmi ned
and is reported in Table 7. 10 Table 7

10 Table 7
Ex. # [PVMA] (ppm) contact angle
5 250 74 (5)
6 500" 56 (9)
Control - 78 (5)

The diameter of the lenses was measured once a week over a period of five

weeks. The results are shown in Table 8.

15 Table 8 - PVMA lens diameters
Ex# [ PVMA [T (°C) | Week1 | Week2 | Week3 | Week4 | Week §
(ppm)
C 1|0 23°C 1417 114.14 14.18 14.17 14.18
C 10 55°C 14.15 | 14.12 14.20 14.15 14.16
5 250 23°C 1420 | 14.15 14.20 14.17 14.19
5 250 55°C 1420 114.16 14.24 14.19 14.19
6 500 23°C 14.19 | 14.19 14.22 14.20 14.2]

6 500 55°C 14.23 14.19 14.28 14.20 14.20
C=control

The lens diameters for lenses at both PVMA concentrations remained stable.



Ex. # PVYMA mcontact angle 5 250 74(5) 6 500" 56(9) Control - 78(5) The
di aneter of the | enses was neasured once a week over a period of five

weeks. The results are shown in Table 8. 15 Table 8 - PVMA | ens dianeters
Ex# PVNMA TwDoodeseds7l Week 2 Week 3 Week 4 Week 5 ( PPMpCcRUS2088@6ded. 17 14. 14
14.18 14.17 14.18 C 0 55C 14.15 14.12 14.20 14.15 14.16 5 250 23C 14.20
14.15 14.20 14.17 14.19 5 250 55C 14.20 14.16 14.24 14.19 14.19 6 500 23C
14.19 14.19 14.22 14.20 14.21 6 500 55C 14.23 14.19 14.28 14.20 1420
C=control The lens dianeters for |enses gg bot h PVMA concentrations renai ned
stabl e. WD 2005/ 092987 PCT/ US2005/ 006640°°-"36 Exanple 7 1-Day Acuvue(r)
brand contact |enses (commercially available from Johnson & Johnson Vision
Care, Inc.) wer Ia(cgd into borate-buffered saline containing 500 ppm
PUVA, as descri gé%—“f—%-Exarrpl e 6. The lenses were sterilized nultiple s
times, 30 m nutes atl-Daj&cpae® braal eontathlensee@smmencfaliy ewilkide framlJotnsinci ous f eel

after each sterj]ization cycle. Exanple 8 1:Da uvue(.r) brand contact
| enses (commer cﬁ%*obvoﬁygﬁ"fna%qr%??Cr)o‘ﬁ?rgg]ﬁ%egdrﬁo bTﬁt\éEQﬁ‘*}ﬁrﬁﬁ?i'ﬂg B care, Inc.)
were placed i nt G0@ppms PVMA) ks dds@tbepmdsampls 6C Ohd lanses were sterilized multiple

5 times, 30 minutes at 121°C per cycle. The lens surfaces had a lubricious feel after

each sterilization cycle.

Example 8
1-Day Acuvue® brand contact lenses (commercially available from Johnson

10 & Johnson Vision Care, Inc.) were placed into plastic blister packages containing
950 pl each of a solution of 1000 ppm PVMA in borate-buffered saline. The
packages were sealed, heat sterilized (121°C for 30 minutes) and clinically evaluated -
in a double-masked study. Nine patients wore the lenses in both eyes for 3-4 days
with overnight removal and daily replacement, and then wore untreated 1-Day

15 Acuvue® brand contact lenses for 3-4 days with overnight removal and daily
replacement as a control. Patients were asked to rate the lens using a questionnaire.

The results are shown in Table 10.

Table 10
Preferred Preferred Liked both | Liked neither
Ex. 11 Control
Overall 67% 11% 22% 0%
preference
Comfort 67% 0% 33% 0%
preference
End of day 78% 11% 11% 0%
comfort
Dryness 78% 11% 11% 0%
preference
Wear time 78% 11% 11% 0%

20



950 | each of a solution of 1000 ppm PVMA in borate-buffered saline. The
packages were seal ed, heat sterilized (121C for 30 mnutes) and clinically
evaluated in a double-nasked study. Nine patients wore the |l enses in both
eyes for 3wb naye298m t h overni ght renoval and daily repbpacesmotgoceqod t hen
wore untreated 1-Day 15 Acuvue(r) brand contact |enses for 3-4 days with
overni ght renoval and daily replacenent as a control. Patients were asked
to rate the lens using a questionnaire. The results are shown in Table 10.
Tabl e 10 Preferred Preferred Liked both Liked neither Ex. 11 Control
Overal | 67% 11% 22% 0% pref erence Confoft 67% 0% 33% 0% pref erence End of
day 78% 11% 11% 0% confort Dryness 78% 11% 11% 0% preference Wear tinme 78%
11% 11% 0% ?;lg 29095/ 0@%987 PCT/ US2005/ 006640 - 37 Exanple 9 and 10 The

reactions mxtu in Table Il were cured in a nitrogen atnosphere
(Zeonor front cUlerestiamtmiRaeds listad inckable-17 YeftGueein a:mrbgeyi,amﬁﬂﬁ}e under Phili ps
TLK 40WO03 |l a (4 _m nute cure). Lens were released fromthe nolds in DI
water 5 contain @“oélg'(?ﬁttcug’ﬁf)a ﬁ%g"‘&tpe”?b'@/ fof C1 sedeokilips ikt es, and

rinsed tw ce i mvdlo3 w4 dinuelRake). Boaseswete rdipasedfrom et RSdARDI MRyt | 80
m nut esé ' esDeCtonta?r!nXg about 800 ppm Tween 80 at ~70°C for 150-210 minutes, and rinsed twice
in DI water at about 45°C for 15-60 minutes and about180 minutes, respectively.

The lenses were packaged in /+DAY ACUVUE® Brand contact lens bowl and foil in

borate buffered saline and sterilized (121°C, 30 minutes).

10

Norbloc 7966 0.95 0.95
Irgacure 1700 1.34 1.34
EGDMA 0.77 0.77
TMPTMA 0.09 0.09
MAA 1.94 1.94
Blue HEMA 0.02 0.02
PVP 360K 2.00 -

PVYMA - 2.00
Diluent 52:48 52:48
BAGE Diluent 48% 48%

The feel of the lenses of Examples 9-10 were subjectively compared as
follows. The control was 1-Day Acuvue® brand contact lenses. Ten contact lens
wearers were asked to rate their preference among different lenses (including the 1-
15 DAY ACUVUE brand contact lens control) based on touch alone. A rating of “1”
indicated that the lens was preferred, and based upon feel alone, the tester would
prefer that lens. A rating of “4” was not preferred. The contact lens wearers rating
the lenses were permitted to rate more than one lens a 1. The average preference
scores are listed in Table 12 below. Standard deviations are shown in parenthesis.

20



The | enses were packaged in 1DAYACWUE(r) Brand contact |ens bowl and foil
in borate buffered saline and sterilized (121C, 30 mnutes). 10 Table 11
HEMA 92.89 92.89 Norbloc 7966 0.95 0.95 |Ir acute 1700 1.34 1.34 EGDVA
0.77 0.77 WINPTNR28709 0.09 MAA 1.94 1.94 Blue HEMA OPOR/US200322006630P 360K
2.00 - PYMA - 2.00 Diluent 52:48 52:48 GACE Diluent 48% 48% The feel of
the I enses of Exanples 9-10 were subjectively conpared as follows. The
control was 1-Day Acuvue(r) brand contact |enses. Ten contact |lens wearers
were asked to rate their preference anong, different |enses (including the 1
r5 DAY ACUVUE brand contact |ens control) based on touch alone. A rating of
"I indicated that the lens was preferred, and based upon feel alone, the
tester would prefer that lens. A ratiq,golé)j " 4" was not preferred. The

fgztsagt 1I e'rll'?\emg\%rel $x #m. rg—th ]“,\aﬁﬂc T & pet 1 ot gt \ij: ?t izn'g;leo;[,vhan one
. q AVl .
e aver age—preference PWOi e a'e Frste (
St andard devi at i ons;——gcr-e—s—heWﬁﬂ AH-Rer-ert-hest-s——26-1 005692987
PCT/ US2005/ 006640 éor%%l Fabi-e 1 EQX# Vett-rg ag%%é%’%e* score 9 PVP 2.6
1 - . .

Thus, lenses formed from conventional hydrogel formulations which contain
PVMA display tactile properties such as lubricity which are better than lenses which do

5 not contain any wetting agent, and are at least as good as lenses containing PVP.



10 PVYMA 1.6 0.9) control - 3.3 1 Thus, lenses fornmed from conventi onal

hydr ogel fornul ati ons which contain PVMA display tactile properties such as
| ubricity which are better than | enses which do s not contain any wetting
agent, and are at |east as good as |lenses containing PVP. -39- Cains: 1. A
silicone hydrogel formed froma reactig& m xture conprising at |east one
silicone containing conponent and at Teast one acyclic pol yam de conpri sing
repeating units of Formula | I X R KN~O Werein Xis a direct bond, Q 17
Il -CN-R3 -C or Hwherein R3is a d to C3 alkyl group; R is selected
fromH, straight or branched, substituted or unsubstituted Cd to C4 al kyl
groups, R2 is seCeoned fromH, straight or branched, substituted or
unsubstituted d to C4 al kyl groups, am no groups having up to two carbons,
am de groups having yp,tq.four . carbon.atons and al kox r.Qups having up to
two carbons and wher ir‘i\st’qffgnert’:ll?ﬂf?é% Wedgﬁﬁnﬁdﬁqc (f"dﬁ’émfen%ﬁ%“ﬂﬂgatﬁ&“‘t%ﬁen
toget her is 8 orsilicesescon@iningloempankntandiat 1dastdnoapdlic @dlyarhidé tonprishg repedting he
nunber of carbon atog i E and R2 taken together is 6 or less. - 40 3.
The hydrogel of %ﬁ?ﬁﬁ’f’"% rein R and R2 are independently sel ected from
H, substituted or unsubstituted O to C2 al kyl groups.

/\(

|
N
-
2
Wherein X is a direct bond,
0 I
I —CNR—
—C— or H

wherein R* isa C1 to C3 alkyl group; .
R! is selected from H, straight or branched, substituted or unsubstituted C1 to C4 alkyl
groups,
R?is selected from H, straight or branched, substituted or unsubstituted C1 to C4 alkyl
groups, amino groups having up to two carbons, amide groups having up to four
carbon atoms and alkoxy groups having up to two carbons and wherein-the number of

carbon atoms in R' and R? taken together is 8 or less.

2. The silicone hydrogel of claim 1 wherein the number of carbon atoms in R'

and R? taken together is 6 or less.



4. The hydrogel of claiml wherein R and R2 are independently selected from
H, unsubstituted CIl to C2 al kyl groups. 5. The hydrogel of claiml wherein
Xis a direct bond. 6. The hydrogel of claiml wherein R2 is selected from
straight or branched wunsubstituted O to C4 alkyl groups. . 7. The hydrogel
of claim1 conprising a mxture of acyclic polyam des. 8. The hydrogel of
claim6 wherein R is selected fromH, substituted or wunsubstituted C to
C2 al kyl groups. 9. The hydrogel of claim1l wherein said acyclic pol yam de
has a wei ght average nol ecul ar wei ght of at |east about 100,000. 10. The
hydrogel of claimI| wherein said acyclic,gol yam de has a wei ght average
nol ecul ar wei ght of at |east about 300,000. 11. The hydrogel of claim!l
wherein said acyclic polyam de has a weight average nol ecul ar wei ght of at
| east about 1, 000,000. 12. The hydrogel of claiml| wherein said acyclic

pol yani de :is a copoB.yTherhydrogatpfadlainigvhatein Rlasd Rabeointerstdenty e¥ced frome
repeating unit Eor - . . rogel of claiml| wherein said
acyclic pol yam éS‘fbggtg?éé:%p'}gfuyﬁ%#d%g;rir)pcrzla@&n%x%f' | east about 80 nol €% of the
repeating unit of Formula 1. 14. The hydrogel of claim 13 wherein said
copol ymer further cogpfﬂ i ey 1] [ sel ected
fromthe group consisti ﬁ}?@rpg{{@f’c@flﬁyﬂ%}?#&%}f ?Hgﬁe%rgﬁ,q?éea%%n%ﬁ%gﬁ%am de,

2- hydr oxyet hyl m#, hesubstihgedeC to CAglkylgrapat e, acrylonitrile, siloxane
substituted acrylates or nethacrylates, alkyl (neth)acrylates and m xtures
thereof. I S. The hydrogel of claim 13 wherein said copolyner further
conprises repeati ngSufhethydrdgel pfdaimflrwhereirof sawdirect beridect ed from t he group
consisting of N- vinylpyrrolidone, N, N-dinethylacrylam de,

2-hydroxyet hyl methacryl ate and m xtures thereof.
6. The hydrogel of claim 1 wherein R” is selected from straight or branched

unsubstituted C1 to C4 alkyl groups.
7. The hydrogel of claim 1 comprising a mixture of acyclic polyamides.

8. The hydrogel of claim 6 wherein R' is selected from H, substituted or
unsutstituted C1 to C2 alkyl groups.

9. The hydrogel of claim 1 wherein said acyclic polyamide has a weight

average molecular weight of at least about 100,000.

10. The hydrogel of claim 1 wherein said acyclic polyamide has a weight

average molecular weight of at least about 300,000.

11. The hydrogel of claim 1 wherein said acyclic polyamide has a weight
average molecular weight of at least about 1,000,000.
12. The hydrogel of claim 1 wherein said acyclic polyamide is a copolymer

comprising at least about 50 mole% of the repeating unit of Formula L.



16. The hydrogel of claim| wherein said repeating unit is derived froma
nononmer conprising Nethylenyl-N nethyl acetam de. 17. The hydrogel of claim
| wherein said acyclic polyam de is poly(Nvinyl- N nethylacetan de). 18.
The hydrogel of claiml wherein said hydrogel conprises at |east one
silicone-contai ning conponent and at |east one hydrophilic conmponent. 19. A
contact lens fornmed fromthe hydrogel of claiml.

- 41 -

13. The hydrogel of claim 1 wherein said acyclic polyamide is a copolymer

comprising at least about 80 mole% of the repeating unit of Formula L.

14. The hydrogel of claim 13 wherein said copolymer further compnises
repeating units derived from monomers selected from the group consisting of N-
vinylpyrrolidone, N,N-dimethylacrylamide, 2-hydroxyethylmethacrylate, vinyl acetate,
acrylonitrile, siloxane substituted acrylates or methacrylates, alkyl (meth)acrylates and

mixtures thereof.

15. The hydrogel of claim 13 wherein said copolymer further compnises
repeating units derived from monomers selected from the group consisting of N-
vinylpyrrolidone, N,N-dimethylacrylamide, 2-hydroxyethylmethacrylate and mixtures
thereof. '

16. The hydrogel of claim | wherein said repeating unit is derived from a

monomer comprising N-etliylenyl-N-methylacetamide.

17. The hydrogel of claim 1 wherein said acyclic polyamide is poly(N-vinyl-
N—méihylacetamide).

18. The hydrogel of claim 1 wherein said hydrogel comprises at least one

silicone-containing.component and at least one hydrophilic component.

19. A contact lens formed from the hydrogel of claim 1.



