CONTACT LENSES DI SPLAYI NG REDUCED | NDOOR GLARE RELATED APPLI CATI ONS Thi s
application clains priority to provisional U S. Patent Application 5Serial
No. 61/ 3280488/130i38ed April 13, 2010 and U.S. Patent AppCiramsteion3Besi al No.
13/082,427, filed April 8, 2011. FIELD OF THE | NVENTI ON Thi s
invention relates to contact |enses displaying reduced indoor glare and

i oi mproved visual confort as well as nethods of their production, and use.

BACKGROUND OF THE dONFAET QENSES DISHION e RESIRED INYeOReEDAREEd
commercially to inprove vision since the 1950s. Contact |enses are

currently available in a range of materials and mllions of people wear

contact |enses as their primarywggePAPPPIdLBONSOr rection. 15Spectacl e and
contact |enses which bl ock substantial anounts (greater than 80% and often

greater than 90% Thiawepligetan diegus peedy topioylsienabld,S. Raterd ¥apiitationbl ock
substanti al %\éﬁ?ltﬂgl/é bq‘% A[#V @B%p‘ﬁl $5 038 ol 4ridl s, %t@*?%%l&b)c{% g 2@RLRct | enses

al so substant but provide near transm ssion in
the visible NoghS/OBaFl@é fded Apal &dﬂﬂ&ct | enses can be worn in all 20lighting
condi tions. Contact | enses which selectively block specific

wavel engt hs of |ight have been disclosed for a variety of purposes,

i ncl udi ng bl ocki ng bl ue wavel eRBLUDSOBTHE QWEI%I'GIQN event or retard cataract

formati on. Contact,.lenses tinted to | rove handlin vide a cpsnetic
R o e S S R N e B B
been di sabos&abroveddsuss ebmfortf azrwdliesbrasthgdgbiaher ﬁn@dudztioghénd meensity in
bright sunlight. In the past decade conputers have becone ubiquitous in

of fi ces, schools and hones ter use can cause eye
strain, and, in contact n%%%é%%[gg%ﬂ f'qu@{/E@wlgrrf ort and dryness as
people tend to b'CBJﬂa@thﬁ%%%aV@@ébﬁ @é’e‘?}'d&%rﬁ&éua%'ﬂnﬁﬂav@@usﬁdﬁesur%qﬁéﬂ er.

Thus, there renunins need contact | enses remal n confortable

during | ong 685@80&0%@6%@&&8 a@sw@nw aa\gallatﬂmrea mglzpﬁ@aitaﬂ@m noiliges
artificial [] ) HE DRAW NGS
% oi)lljég\gg%clfon%t I%Hég%.uése[ﬁ |§ nade p il%ée& gﬂ_

Flgurellst ance spectrum at a 0.5 %
5concent r1ati on.  Spectad gng @Orlzaqtéensh@Whl@b@m&ﬁubGtarp@baQOtS (greateact i ve

Bl ack Dye 5 ?r{anaéﬁol% Why ﬁgﬁ'ﬁ%ﬁér%énoéb%) have been disclosed. Sunglasses, for

example, block substantial quantities of UV and visible light. UV absorbing

contact lenses also substantially block UV light, but provide nearly 100%

transmission in the visible light range so the contact lenses can be worn in all
20 lighting conditions.

Contact lenses which selectively block specific wavelengths of light have
been disclosed for a variety of purposes, including blocking blue wavelengths of
light to prevent or retard cataract formation. Contact lenses tinted to improve
handling or provide a cosmetic effect have also been disclosed. Photochromic

25  contact lenses have also been disclosed to be useful for reducing glare and light
intensity in bright sunlight.

In the past decade computers have become ubiquitous in offices, schools
and homes. Extended periods of computer use can cause eye strain, and, in
contact lens wearers additional discomfort and dryness as people tend to blink

30 less when reading and working on the computer. Thus, there remains a need for
contact lenses which remain comfortable during long periods of wear, especially

while working indoors under artificial lights and/or on computers.



Figure 3 shows the transm ssion spectra at roomtenperature for the

phot ochrom ¢ dye used in Exanple 2. ioFigure 4 shows the transm ssion
spectra avoeya/m3ersperature for the photochrom c dye use®CrSExampises 2.
Figure 5 show the transm ssion spectra for the colored | enses used in

Exanpl es 9-11. Figure 6 shows the transm ssion spectra at room
tenperature for 82% 159l asses used in Exanple 12. DETAI LED DESCRI PTI ON OF
THE | NVENTI ON As used herei n the term"contact lens" refers to

opht hal m ¢ devices that reside on é ._These devi ces can provide
optical correction, mun@%ﬁF@EsﬁﬂhPJéo & VERDRAVANBSsti ¢ functionality,

cosnetic enhancerrent or effect or a conbination of these properties. The

termlens includegighet1 isshéabsdrbaideapetiturt rire&8ine Bldck BRESt 204 Wied d
contact |lenses. The term"eye tenperature” refers to the tenperature of the

ocul ar en®i r 6PRREAIratioARG i s the tenperature at which a contact |ens would

equilibrate 25 mhb@re@!s“tﬁe%é&ba%@d&'trbbﬁ @V%JCWHJB%@R wye 5 &t g)q:t\,y@@n about
33 to about 38C. used herein, the word "about" i ncludes m nor

devi ati ons fﬁ@'f'ﬁemét'qnem ted numerical range, such as standard devi ations

whi ch m ght be Obﬁlgﬂﬁéeg MoGR m%aﬁ»éﬂénngs.cswmhw#aeaﬁ%% ecémera@uré%F ept hod.

This invention relates to contact |enses reduce gl are and ocul ar 30
di sconfort cabseehrbyid dygosed sobxaerledf gl are such as conputers and

flucrescant || ot iy the LINENULRoAUALOEH BicRK) RS0 ROABLL DTS e

nmet hods for their nufacture, tha cent transm ssi on,
t enper at ur e, pbétobwbmEedyeiGed iroERDMpladr oss the regi on of 420 to 700 nm In

ot her - embodi ment Scffie. COREACk.! PSR Hl-SBLAY PR GRILAbIANRRLES|008 Pet ween

about 75 and about NS SSi On acr o e regdi nm and
i n ot her enb&damplet®-tlet ween about 80 and about 90%transm ssion across the
regi on of 420 to? e con

G Splay the-anove Greo sbafs 5t HBREHER SHPQH Bhkm, Sew Btk 3 o gi on
of 390 tas570Qlasses ¥6zd it Bxar@pPlenn and in anot her enbodi nent across the
region of 450 to 660 nm In another enbodi nent the contact |enses of the

present invention displ ﬁ%.l.gﬁ_(r?@fa%?br@ﬁﬂaﬁailzoﬂ%(ﬁ{lvéﬁﬂcﬁ@st about 70%in

t he range of about 390

As used herein, the term “contact lens” refers to ophthalmic devices that
reside on the eye. These devices can provide optical correction, wound care,

20  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 and hard contact lenses.

The term “eye temperature” refers to the temperature of the ocular
environment, and is the temperature at which a contact lens would equilibrate

25 while being worn. Generally eye temperature is between about 33 to about 38°C.

As used herein, the word “about” includes minor deviations from the recited
numerical range, such as standard deviations which might be observed when
measuring multiple samples in a test method.

This invention relates to contact lenses which reduce glare and ocular

30  discomfort caused by indoor sources of glare such as computers and fluorescent
lights.

The invention further provides contact lenses, and methods for their

manufacture, that have percent transmission, at eye temperature, of between 70
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ioaddition to the percent transm ssion profile specified above. In one
enbodi nent the contact | enses conprise a central circular area centered at
a geonet rwo 208an3er3sof the | ens and having a di anet er of pabaistoil/oss7about 9
mm and a peripheral zone, wherein said central circular area has, at eye
tenperature, the percent transm ssion ranges descri bed above. In yet

anot her 15 enbodi nent, the central circular area has a dianeter between

about 4 and abou, aardgmrfweigioﬂ oRA20 RETO0RTFROM SRt enRIdiREs BRightt t 0 about 9

mm Percent transnissions within the recited ranges is mgortant to insure
t hat the abi lqn§9s ﬂ'ép@)éP@@P@téraé‘ﬁ@'séloﬁﬁ|bﬁMﬂe_§r@b§B'l ang %b_ohlb 0%i mi ni shed.

Per cent. {1 angahakabn bR RBYEEHN UEl 0T dhirBNEnPAIIRE diboufiferid i b! €

region, generally 1n the ran rom 20 400 to about 700 nm WV |ight should
be excl uded, bakveeh@bawtlidang t Mo tradsmissipe ecrosh et regian 9f 420 0@ chi eved
when the Len i ; L rescent or
i ncandescént ﬁﬁsglﬁ&gt éé%éﬂérfe@{g)ﬁﬁ@%négﬁggﬂﬁ%’% I'Fg?\%snrtlﬁsﬁs?l on %grg\/égétl)lﬁélgécét% | enses
may be det er perent tesismissidngangssantoside ragierdofi390 Ex &0 hm, 450 R5100 s, a

di scovery of Lhg, z%r[]b\(r?er?.teh%{ad%%tt acrdds &1%%@8& oh'?ébst‘ﬁ%ea%'r&hln% Qiflefle per cent
transm ssions in e di'scl’osed ranges reéduce ocular gl are and oStrai n caused
by corrputersem’mddlarmtfrieajoatabyleh:seﬁctﬂthmprebmt wdmnhmtdlsmldar)epemsrﬁ degr ade vi sual

Condi 11 ons. VRSP AGYO\anisgl et 0% A B SO ERhE U P s

whi ch pravi deddfigretoteaberfcentitsmssissionprofile spesifiddabbased r anges pr ovi de

reduced ocul ar glare an tral e rienced during ni

conditions. In ye'élri1 gﬁﬁ%ﬁﬁﬂ FWEG%BQW%{@PQ‘? @q@r@@clr&p af ﬂr@ present
invention r edmére@%ﬂb@reo@ie&rc%ea@d oftheadriy ahaUBRRfhgRYdisraster bRiuant
artificially |éﬂhtl ng, and do not substanti al l de rade the erceptl on of

col or by t he@BeHABE IGHPEUPAPEN Z0Nen WoeteinFrid At  RER Nashat &Y6nt act

l'enses of themiasen, tnerwe%@dt%nérﬁ@saeﬁréd@,@slaeslacr@éar'aswe rIRGENVAHOhdri me of the
eye after exposure to bright light. Photostress recoverg time is the time

it takes '"for efpedimerhthegrntiaboircetay aipahasioliameptep betwgse pPeld 4Aansiafoubcui ty
af ter exposubnhind iPhhdihér Hhidifthent bbniR JBBLIE RIGRHo R dPEREH Nd a br i ght

light froman ophthal noscope onto the nacul 0 seconds. Photostress
recovery ti rrtranwsawnswnthlmn&etrewtedurang@dégnwtantWenspa@ thanthetabilibetd t he i ne
j ust above hhé/cB% aﬁ&%lsrhﬁ@]lsﬁ)@o?(%rs%ﬂrﬁttd}fnlhfsﬂgd b@&%&ﬁg ﬁsm}s@.oﬂ%e embodi ment ,
the i nventionh provides a I'ens "at [east one surtace of which
conpri ses, corskged uswgeright$duycenin tiag visiblegegivs, geheeatly usﬁhecarmrf@rmaw ng a
central Shr Cbalo ARy Ana REIPRGLR paEEAcHNES fleblerGRARGALS! Toul ar
has per cént transm ssi on, enperatu tween a out to about
90% acr oss trﬂlectatgectranmﬁlsélaﬁ)acme\m{)/vmﬁn taediarisbsarpee/ﬂorphr&foaks auv@sas in capabl e
of substantiglly bl ocki t he ransmttan ht ., bl ue light, or
bot b 15 By e heraE ok bl (Rt BartropRaial gl nat ¢ he
transm t t anc @andmissigh foricsntaetdendeb amayelEoddterdiiied usingieenathdbdiéstebédsinl ess

t han about 20% an |n ot her enbodi nents | ess than about 10% By
"ul traviol et YA or "LV light" is meant |ight having a wavel ength of

about 10Qsto aboun isD@is EoVeryB thiddinuéntioh @iit,'byl contaRIzhsés @hith brxideg a
wavel ength of 20 about 400 to about 515 nm The term "dye" as used

her ei n i ncl uBBSCRHHANSBYRSANA e ARCIOSE EANIPS 5B PRUET ARTCANIRYSHY bs

radiation at casdd@donputerdan@hbenaily RAthd, BIRES Rt birRwisBegyas viday be
reactive or unreactive. In one enbodi ment the dye has neutral hue. For

exanpl e, a nétMiyAithgratjndeoe e r@ﬂu@%ﬂgbt"ﬂ%(sécﬁE@@'QPWHVF}%FO%@”%I atively
equal absorption jhrbler ¥hbb&hnf RASEbeen found that contact lenses which provide

30  percent transmissions in the disclosed ranges provide reduced ocular glare and
strain experienced during night driving conditions. In yet another embodiment the
contact lenses of the present invention reduce ocular glare and strain caused by

computers and artificially lighting, and do not substantially degrade the perception
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bet ween 400 and 700 nanoneters. An alternative way of describing color is
internms of its chromaticity coordi nates, which describe the qualities of a
col or inwodntydm3so its |um nance factor, i.e., its chromaiSeailoygis87¢ n t he
ClE system the chromaticity coordinates are obtained by taking the ratios
of the tristinmulus values 30 to their sum e.g., x=X/(X+Y+Z) and

y=Yl (X+Y+Z). Color as described in the CIE systemcan be plotted on a
chromati ci ty oflA6HRthe BoMadtishstwdtret 19 etté?@tr%fabma.hrénme%ﬁfa@t IBAdRs x and
y. See pages 47-52 of Principles of Color Technol og Bi |l | meyer,
Jr., and MaxOoShrPseRgAt iINGtion deduge thephotoirees Vgaousry ARte @&%GYQ\@CW Yor k
(1981). As U%S?ﬂoﬁﬁ?él%'HFlghﬁlgﬂ?qﬁhdﬂ(?'éﬂrte%ﬂedéﬂ?ér?rtmieﬁsﬂ{éetlrhé‘ltmby%rtﬂlﬂ@
chromaticity coordinatée val ues of "x" he color are within the
f ol | owi ng rahg@@n@mao liefuro kg peima) or b@sellrmasqad)a@mwmer §p0s@8do adright400. The
central c r t al 5
circul ar F érﬂb It%%ﬁ?ﬁgﬁ%%gfbgnmy%@ewegc 9 EWII%Q@F{;@%@J{ rgbg&g[p:égd?\g%ne
which in a tmmactulafmﬂa@eccbreins Rhotasboss regovary bmel(BSBT) is thi tamettéakesl n one
enbodi nent I ' en about 4 and
about 9 mm arrrlgo}l?rl]n ano rgé%ﬁé\}\@éﬁﬂgout /@enrgir%g&ttﬁéﬁ%cwﬂﬁh‘é’gl aneter. The
central circbbhekwaadsea nay be conposed of any suitable material or

10conbi nati on of terl bl ocks liaght tra SSi 0ss the
e nrt 90 oo Bt rpd e BvBR T igrtes & PARSTISR AAREARS e
central cbr cehrﬂoeajmﬂmohscowinseb QOhMteéssmuaIty dftoedonsists afart dysic zené)odi ment
t he central EIrCUl ar area is solid, but th %tré‘%ﬁ %l on vari s acr oss

the central ERYIRQ PSP SLCUIF Area3ad@ PaiPhes Fenfralrgylar

transm ssi on hb@@ér@@ﬁt&%n&ﬁwﬁohh@t enéraperafurd, te bewvaeh @bodﬂ'm th GBb@ro0 ea to
its edge, providing uated, or feathered effect, In an alternative

enbodi nent , ?ﬁrés%g}ﬁ"tr?%' n@fﬁ‘%QﬂOJfOOman%’& Reriplrralarga t?cﬁ?ﬁ@%@ﬂ’ of opaque dots

si zed and spae;@éﬂarﬂ.@w5|o&|@ngwh@\fﬂaﬂ§ntttaﬁcé1§mw§htlblg@ngmr@%m ssi on bl ocki ng.
I n anot her enbodi nent the central circular area nmay conprise concentric

rings, suh as di By/ssbsiantiallybivckingéue pansmitengetmears thaktpeyansmiiancaso 201 ong
as the herei gflqjh%h afah §%ﬁ]t59‘ I nte é%ﬁé@r%ﬁt%‘l&‘%thén é&ﬂ]t?@ﬁ)dand in In

anot her enbodi ment the either thé central circular area, or the entire

| ens, may coﬁtherg@ba@meetﬁslessdh@nap@t\ﬂﬁi’/ch is incorporated throughout the
pol ymer matrix ing htt Be ; ' known neans
i ncl udi ng ent rappl g or\ﬁ({@g]gtﬁ ?S Lﬁ%@g@én&%n’{ Iﬁb&?é@ﬁ@érﬁgygéﬁﬁfch the |l ens
is made, or 2bdutldiOBitmgbatidOdye. But'blua lighdais tmeanplight havingd walvelehgthf Sui t abl e

dyes i ncl ude t on, photochrom c conpounds, thernochronic
corrpoundszloll nch&f‘?g (%) %ddﬁgﬁg%bm ted to |l euco dyes and liquid crystals,

pi gnent's, convent Ta@rmdghes aanded berbinniatludessanyltempotindodmixhee bf ke. Exarrpl es
of I|qU|d crystals jnclude chol esteryl, n oat e and nobi henyls

Addi ¢ fonal * e¥angr B ReO BB far = Lo Salingi 8 BRREEIERY 1
Sacknman, Cor a‘hedaesimByea@éact%é’rurEaajfpées of Ieuco dyes i ncl ude

spi rol actones (such as St al t lac e I uora ir rans,

ful gi des in conbi R4 Wdtfﬂe%%%? sneé’h@ﬂ“g? Fft?f Ia'AUtﬁggé’%ens,

1, 2, 3- t rizazokelodetibigtaspecand tl‘f’at'hﬁﬁfé)éﬁy/@@té@élébs@ﬂﬁioﬁ@ﬂhbﬂ@tbl@@&gé her eof .

The liquid crystals and | euco r%/es may be incorporated jnto pol ynerizable
m Xt ures as Hp@fegeéﬁggpggoo nanometers. An alternative way of describing color is’in

terms of its chromaticity coordinates, which describe the qualities of a color in
addition to its luminance factor, i.e., its chromaticity. In the CIE system, the
chromaticity coordinates are obtained by taking the ratios of the tristimulus values
30 totheir sum, e.g., x=X/(X+Y+Z) and y=Y/(X+Y+Z). Color as described in the CIE
system can be plotted on a chromaticity diagram, usually a plot of the chromaticity
coordinates x and y. See pages 47-52 of Principles of Color Technology; by F. W.
Billmeyer, Jr., and Max Saltzman, Second Edition, John Wiley and Sons, New
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Exanpl es of polynerizable col orants such as acryl oxy or nethacryl oxy- 5
substituted 2, 4-di hydroxybenzophenoni ¢ conpounds and non-pol yneri zabl e

col or ant sweuret/1a8138, 2' , 4, 4' -t et r hyr oxybenzophenone and PC2/uSdéthyssay- 4, 4' -
di met hoxybenzophenone. Additional colorants include, without limtation,
4-1(2, 4- dimethyl phenyl)azo] -2, 4-di hydr o- 5- net hyl - 2- phenyl - 3H pyr azol - 3- on-
e, 1,4-bis[(4- nethyl phenyl)am no]-9, 10-ant hracendi one, and 1,

hydr oxyl - 4- [ (drk (]l@%thi’b@&ﬂﬁéfrbﬂwaﬁhéﬁlne%tréﬁbo%?@ér?eclﬂmﬁﬁﬁrﬂﬂéc%%a@@iﬁb' nations

t her eof . As yet another alternative, reactive dyes may be used.

Sui t abl e sucROUYEIE vaaseé X At noer W‘Pﬁplpé@redﬁth'rb@ﬁi@wy'wmﬁﬁ ®63ci d,
4- (4, 5- duhyr aufhi r(aﬁ% WW%'O%OUWL(F'% f-d 4¢. (sul fooxy) et hyl ) sul f onyl )pheny

1) azo- 3- et hyl - 5- oXo- 1H or azol 2- mepht ahl enesul foni ¢ aci d,

7- (acet yl ani no) - 4T|hf§/©ﬁrtbr>ay¢lmgla(f @eea vmawmhe@@kcymnwth;atswnfmthyepa@tm yazo],
{5-((4, 6-di Cm@ﬂé?'héhtsbn m‘g @6!(11'5% @é't%é‘%rﬂ@s% a@fﬁéB )(:z%né(\}hflﬁ‘,nfém 2- neph-

t hal enyl _azo- | Toni c aci trisodium salt copper,
29H, 31H pht n@icetmhaqhwtne(iat)outmnsml@r@%iﬂ\@artneteﬂ INose brBadiMestithe32) - sul f o( -

(4-((2- sul fagyy) & B &Xér a?%ﬁé’s”é/ b RRERGE bAWLBL LB LMY 2t & ¥ L¥Ein

[ 2, 7- napt hal énesu
4- am no- 5- hydnothgr b}:t\ﬁem stﬁc(u%(a@ﬂabsuﬂgmomyl)dmmgtér)sul fonyl) phenyl)azo)tetr-
asodi um sal t, andcombi nat.i ernative is to

) h f. S
o e ai | saot THCSIBTGIRN aleA RO b pE R AN il BB S T
cont act I1ensesmbmetucﬂoasfbnaitarﬁélsmlsat@iocasmghtneggmnstuem atrlobsitHerragion ef 42@@ni C

pi gnents inc ut lLimtation al.oc e ue, 25pt hal ocyani ne
P Tamt S ot ba gl B Pt fetrpn obiied 2040 BB ENE Mt Sl gl BB P AR | one

t her eof . Exa@ﬂkﬂfold?éd uﬁ(ﬂﬁt@kj ummcﬂmle@nwdmi@ﬂme ¢dmbu§i@ulaweﬂebw§onbl mtation,
iron oxide black, iron oxide brown, iron oxide yellow, _iron oxide red,

titanium di of?PH@e ?aHanS(”Piés'q’r? K%'esﬁqwség?%?%?l ‘Brr‘fé"af RERe &OT XaMRlgdN ti on t o

these pi gmenphe eABbYAL BB, m@ﬁsrﬁ@.wmr@réé\é%frHﬁMh@@eMére& thd)6drie@dl Ng, Wi t hout
limtation, 30dichlorotriazine and vinyl sulfone-based dyes. Useful dyes

and pi gméﬁtsCﬁ‘ﬂé”c%@ﬁr@r'@leégwprﬁwg'ﬁgQlﬂr@duaé%hﬁrf@éﬁheﬁﬁ%effﬁc dpe8 and pi gnent s
may al so be yg&dafe &T%Ugﬁﬁ&\ttthg caRd| Eﬁ&lé}edrt?@é]ﬁd FRNs8:88h8Ekd Jhe dye

sel ected may be conbi ne th one or nore of a reaction m xture,
pr e- pol yner , opaqusi 4ol sigepand/saaced apert thrrpyde thesdsisiredtight }ran%ﬂrswﬁrm t he

col orant useg rf?mdéh%ﬂwe%_'%ﬁubbbgﬁbtnt f’?w%%éﬁpél’h@c?lﬁ%’ﬁéé n?Hé/crﬁﬂJ i@Q9s used in the

| enses of the |nv ntion he contact | enses ent 1 nvention may
al so i ncI udeccmnelnmcmngalmpplae disalpeedindfS dye4.290Cx Aoy eﬁetmrmay\}c&uaesleﬁml in

cont act gnseoﬁg %tlﬁr@ﬁ%@% d’i%%cged?el)%?%ﬁ.ﬂﬂﬁ Al er%licgmg%éhle&%l vents, and other

addi tives us absor r-regions of the
i nvention are knokwanathgr embhéimenbtmeesitberahé yerareamhajiﬂr@reﬂ onmtttetemtise f or their
maki ng are known, t her. enmbodi men | ens, or .t he central

oo & Sy gomprisel AUSRPAIE by TROR TR o B8 st B1GRaRk wleloneh 1L

conpounds andmam@ﬁpmtbrwsmqu@enayebd mkasrpmtedrm@rghmbwarmmmdmiir&jl al s
include, without lLimtation, the | | ow n cI asa@&sof materl chr onenes,

fal
such as naphPRERANGY, re%%'ﬁ%b%x%d& %QRMH *Pea'ﬁESb?r{Ha
phenant hrz@pyrrﬁmsun%m dyaepmbm@ast%wﬂnmfw leps.(benzi ndol i ne) napht hopyr ans,

spiro (indoline) Denzopyrans piro (indoline) naphthopyrans, spiro
(i ndol i ne) qui nopytiaheE "%Cﬂﬂqeow(tﬁ‘?iéﬁ'initﬁ@‘ B%qtaﬂgommmmée ds,

thermochromic compounds including but not limited to leuco dyes and liquid
crystals, pigments, conventional dyes and combinations thereof and the like.
Examples of liquid crystals include cholesteryl nonanoate and
30  cyanobiphenyls. Additional examples are disclosed in “Liquid Crystals”,D. Demus
and H. Sackman, Gordon and Breach 1967. Examples of leuco dyes include
spirolactones (such as crystal violet lactone), fluorans, spiropyrans, fulgides in

combination with weak acids such as bisphenol A, parabens, 1,2,3-triazole

5



15such as spiro (indoline) naphthoxazines, spiro (indoline)

pyri dobenzoxazi nes, spiro (benzindoline) pyridobenzoxazi nes, spiro
(benzi ndovorredr/izepkt hoxazi nes and spiro (indoline) benzexaaiSaes/0318ey cury
di thi zonates, fulgides, fulgimdes and m xtures of such photochrom c
conmpounds. I n one enbodi nent the contact |enses of the present invention
contain dyes other than 1, 3-di hydro-1, 3, 3,

|20t 5' mglt Eg;'dfgﬁef\ﬁﬂt@d‘%hd‘d@iy@ro&y@ouﬂﬁmjahﬂ%ﬁmbmaa@ﬁs‘thlav[e%f AT RREI @Y stAE

1', 3,3 -tri ABY IR0 6yef MAY8piNcereratad impRlypeEaable, mixiuped as ndol e] .

Addi ti onal S Widr uikgot ochrom ¢ materials include, without limtation,
organo-netal dithiozonates, such as (arylazo)-thioform c aryl hydrazi dates,
e.g., mercury dithxaropies efpohanerizablegotpeantsipurhas agw@weqr metbginyioxazi nes,
25spi r obepzo I opyr ans;
pol ymeri ngl SMt?ﬁ]Pg?ddgg (Mg% d%@%z@gﬁ?ﬁe&nap t aﬁéﬁg onegél{})Ilnre ﬂ%l zabl e

spi r ooxazi nesplosants pohyaserd’ éalbtwhp@b(ytmrkomdr@neanda;ﬁ dlbplyom-ﬁé The

phot ochr ot ¢ IRAESLBL TR 3R BEA S0 TRAR EABILone or rore

ot her appropr I'enen ronic ma eria ot her
useful phot odinmeimlm:hermt)m] -2l4sdihyurd-Sereethyldeploerly U3te-gyraaphd- bops/r'laﬁlrabls[(Mi ch are

nore specificall dl% | og%.- q§2Q99|80722§ ﬁ(%PUi%q£610226401 and t hose
cited in U57] F&@Tyfﬁﬁ ?k ME?H o5 RdOPH &N s YEPREIST t abl e phot ochr oni ¢
conpoundsioar memmienylﬁimno] B-anthfzerediond ared C(ﬂhkﬂﬁét@&ﬁtf@reﬂf which is
IR A AT G MRET L
herein "an i piRee, gitwuelimesion hghzehd g@fdn}ceaoanm{m,ts'lduhfyrddé/-(ﬂ(zaﬁethoxy-s-
methyl-4-((2-(sulfooxy)ethyl)sulfonyl)pheny 1)azo-3-methyl-5-oxo-1H-orazol-1-yl,
[2-mephtahlenesulfonic acid, 7-(acetylamino)-4-hydroxyl-3-((4-
15 sulfooxyethyl)sulfonyl)phenyl)azo], {5-((4,6-dichloro-1,3,5,-triazin-2-yl)amino-4-
hydroxy-3-((1-sulfon-2-neph- thal enyl_azo-2,7-naphtahlene-disulfonic acid,
trisodium salt], copper, 29H, 31H-phthalocyaninato(2-)-
N.sub.29,N.sub.30,N.sub.31,N.sub.32)-sulfo(- (4-((2-
sulfooxy)ethyl)sulfonyl)phenyl)amino)sulfonyl derivative, [2,7-napthalenesulfonic
20  acid, 4-amino-5-hydroxy-3,6-bis((4-((2-(sulfooxy)ethyl)sulfonyl)phenyl)azo)tetr-
asodium salt, and combinations thereof.
Still another alternative is to include at least one organic or inorganic
pigment suitable for use in contact lenses, or combinations of such pigments.
lllustrative organic pigments include, without limitation, pthalocyanine blue,
25  pthalocyanine green, carbazole violet, vat orange #1, and the like and
combinations thereof. Examples of useful inorganic pigments include, without
limitation, iron oxide black, iron oxide brown, iron oxide yellow, iron oxide red,
titanium dioxide, and the like, and combinations thereof. In addition to these
pigments, soluble and non-soluble dyes may be used including, without limitation,
30 dichlorotriazine and vinyl sulfone-based dyes. Useful dyes and pigments are
commercially available. Combinations of dyes and pigments may also be used to
achieve the desired percent transmission.

The dye selected may be combined with one or more of a reaction mixture,
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amount effective to achieve the desired reduction in percent transm ssion
across the herein disclosed wavel ength ranges. M xtures of dyes nay be
readi |y wsoeaniiAsni3exanpl e, in an enbodi ment where a photaThusenil®3mapound
is selected, a conventional dye or pignent may al so be included ioachieve
the desired transm ssion range across the desired wavel ength range. So for
exanple, if a photochrom c showed greater than 90% transm ssi on above about

600 M2 bora
ndocyhni ne. B e A B B OB o ARt )

absorbing inta WQE’U%W@I“@H@WO@WI'%V%%OEGG@HS P?ﬁ(h'né*ﬂﬁl@éﬁﬁsr@tth%n to 15
provi de, Det when@hoshe Shiba 1aRaY L AAYLARTESBhoRy Jhena.ARdAsher dyes.

are listed, alon hei r Sﬁect ra dric Handbook of
St ai ns, Dyes Muiine lpyrit Ohdyass 'Ot eﬂ@yidlvgs uef@emcorﬁ@@ﬂer@ralmﬁy balsehnpany,

Inc., 1990. G@é @g{i]gwggo ﬁJrﬁ'er? §>o VBHEOa Y. rsétghqzﬁé ubith iR He Itg'nf"éﬁs%ﬁjo ihg those

|ncluded 'n cou |ncIu e particul anount™ used al so
wi |l depend tmer(s)tdieeg:Uhmﬁtln@msemt@n@mkmﬁwrtawl githee corachedyadly siyailableeor ens

mat eri al sel ﬂ?eitr?o%sq‘ rtWe:" Fna?]ﬁgtapeekr]iom ckness of the |ens. I n sone

enbodi nents either crrcular area, the peripheral zone, or the
entire | ens may alnszmoﬁeoehbb&{rﬂanghi'ue Iehmorcﬂlesentea‘r‘nmculmeanmy@oﬁr&)rise
transm ssi on_of Ii ht can be | es ut ZO(V and, in so 25
erbod ment o PAbRIENETEETRSLy SBEPRM IR P oot s i RGBS ocked.
It will be araw\ﬁell latomh Fh@bhotnohrbm@net&b@dinm&ﬂbmﬂﬁmﬁ lsirnmatiohpmechr om ¢
conpound is ch aqsorb in the ctlva

ths f th
ot o Mg O Tl aa aryPD s Saa IngPyBRs BRSO ¢ dye

and shoul d bedghthdphaRgy@hs aM@pH@ﬁbritmoM@ng@ﬂ.ﬁam/rtﬁfsesddheasmmbochr omc is
5i ncluded. In one enbodi nent, the pheral zone of the contact |enses

bl ocks i ght (benzindpline) BaPHRpYERDS: S ('r@%??a|b§nzqm@r5e$n'ﬁ9r(@ﬁia'rnea egi on may
bl ock WV Ii ghéphtmmﬁedsﬁ ghito }lrféibln‘r’e)%mbﬂﬁﬁé aRd Qﬁlrotljti/ﬁioﬁﬂé) pylaisoi@zpepodi ment

t he peripheral zoné has a %transm ssion in range of |ess than about
20% and ®n ﬁ%%@ﬁ@'r@r{“@é@?ﬂ%ﬁ@@hth@@@'nﬁﬁa?ﬁ"ralé'ad@“n@b%”dp enze%8Fees; enbodi ment ,

the peripher §blf(;§?)@ﬁ2lh Ilﬁépﬁplldﬁb&fzﬁ%e%%ggﬁélf'oa(:olehfzntn)ddﬂﬁg)' %hf%ﬁailﬁm ttance

of WV, blue I1gh | enses pr esent
i nvention na?plfm@@'qﬁl@@tt@ﬂz@W@Eﬁéﬁ%réslryd*thﬁélﬂat@%rfU|ﬁ|B©$1th|5m@ﬁ‘ﬁciaQ§ibout 200

m cr ons. 15TEﬁxtbr%¥%'F'&uéPm te“gfm!é%&ﬂ d3f 9 oﬂ@e’?’rﬂwe nt?r%féo PtaCt | enses

made of any known |ens er| a suit manu acturl ng
such | enses. lensesoidhe ptasdntievention h@wtalerWesoﬂmferthlae1|,3adlbmrodr8 are soft

ot et BT Rbeea T B Aot Bbggr oo ane
enbodi nent t heB’;Sthilnmihyl-Bemstﬂiplro[QH-1-benzopyran-2,2’(2H)-indole]
Additional suitable photochromic materials include, without limitation,
organo-metal dithiozonates, such as (arylazo)-thioformic arylhydrazidates, e.g.,
mercury dithizonates; and fulgides and fulgimides, naphthoxazines,

25  spirobenzopyrans; polymerizable spirobenzopyrans and spirobenzopyrans;
polymerizable fulgides; polymerizable naphthacenediones; polymerizable
spirooxazines; and polymerizable polyalkoxylated napthopyrans. The
photochromic materials may be used alone or in combination with one or more
other appropriate and complementary photochromic materials.

30 Still other useful photochromic materials include indeno-fused
naphthopyrans, which are more specifically disclosed in US2009/0072206 and
US2006/0226401 and those cited in US7,364,291, and combinations thereof.
Other suitable photochromic compounds are disclosed in US 7,556,750, the
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20 the present invention have a water content of at |east about 25% The
| enses of the present invention may al so have ot her desirable properties,
i ncl udi ngvea 20amsdi3e nodul us of | ess than about 200 psi, PCh/usena/08rsbodi ment s
| ess than about 150 psi and in other enbodi ments | ess than about 100 psi.
The | enses may further have oxygen perneabilities of greater than about 50

psi, and in sone enbodi nents 25 greater than about 100 psi. It should be
under st ood t BREISGBII MAIchARcEhoflRl hydleRISH IR NUNORRiR] S&andlés stesi rabl e, and
t he above referenced ranges nay be conbined in any conbinati on. The

| enses may béuﬁﬁﬁ%pmﬁmﬁvﬁméﬁMP$Wémé%nponents si | i cone- cont ai ni ng
conponents and m xtures thereof to form polyners such as sil oxanes,
hydr ogel s, 30silicone hydrogels, and conbi nati ons thereof. Material useful
for formng the | enses of the invention may be nade by reacting blends of
macroners, nonomers, polyners and corgy EFlons thereof along with additives
such as polynerlzatlon initiators. SU|ta mat eri al s include, wthout
limtation, siliconef tydyogels made fromsilicone nacroners and
hydrophlllc mononer s¥.& Exanpl es of soft contact |enses fornul ations
i nclude but are not | i nfEr-t, foﬁnﬁka ons of etafilcon A (pol yHEMA,
met hacrylic acid copol yge m“% xfilcon A pol ymacon
(pol yHEMA) , acquafil con A af it on A, galy “TEh Ag 5 senofilcon A
““warafilcon, filcon Y443, asnmofilcon A and

lotrafilcon A andgByeoy 3
the like. The pre bl & cont ¢l ens formulations arg~forned from pol yners
inthe famlies etafllébn bal afil con, acquafilcon, |otrafilcon, confilcon
gal yfilcon, senofil con, narafilcon, filcon Il 3, asnofilcon A as well as
silicone hydrogels, as prepared in U S. 5,998,498, WO03/22321, U S.

6, 087, 415, U.S. 5,760,100, U S. 105,776, 999, U S. 5,789,461, U S
5,849,811, U S. 5,965,631, U57,553, 88Qym\WQ2008/ 061992, U5201 0/ 048847.
These patents as well as all pther patent disclosed in this paragraph are
hereby incorporated by refersnce in their entirety. In one enbodi nent the
contact |enses of the present/Fyvention arg_{orned fromsilicone hydrogel
formul ations. A silicone-cont3 g_GOpF -Qﬂg 5 one that contains at

| east one [-Si-OSi] group, in & R or prepol yner.

Preferably, the Si and attacheo -resent\gﬁibhe sil'i cone-containing
conponent in an anount gr P @- ght perc and nore preferably
greater than 30 wei ght percent di~the total nnleculéfﬁxfight of the

si |l i cone-igont ai ni ng conponent. Useful silicone-contaising conponents
20preferably conprise polymerizable functional groups such as acryl ate,

met hacryl ate, acrylam de, nethacrylamde, Nvinyl [actam N-vinylam de, and
styryl functional groups. Exanples of silicone conponents which may be
included in the silicone hydrogel EW¥W3 hﬁgs i nclude, but are not limted
to silicone macromers, prepolymers and b Exanpl es of silicone
25macroners include, wthout limtation, nono or difunctional

pol ydi met hyl si | oxanes, pol ydi njgth IS|onane met hacryl ated wi th pendant
hydrophi |l i c groups as descri bg e Patents Nos. 4, 259, 467;
4,260,725 and 4, 261, 875; pol y@i ne 28 ﬁ:?ibrs with polynerlzable
functi onal group(s) described in U. S : 0s™1, 136, 250; 4,153, 641; 30
4,189, 546; 4, 341, 889; 4, 954,586; 5, 48, 82, 822; 4,343,927,

4,254, 248; 4, 355, 147; 4,276, 402;, 4 486, 577; 4,605, 712;

4,543, 398; 4,661, 575; 4,703,097(:%%% 7, 289;H, 954, 587; 5, 346, 946;

5, 358, 995; 5, 387, 632; 5,451,617, 48BH579 , 981, 615; 5,981, 675; and
6, 039, 913; pol ysi |l oxane macroners jr AN

15



i ncorporating hydrophilic nmononers such as those described in U S. Patents
Nos. 5,010, 141; 5,057,578; 5,314,960; 5,371,147 and 5, 336, 797; nacroners
conpri si myopolydrset hyl si | oxane bl ocks and pol yet her bl @eckaiSsuai3mgd t hose
described in U S. Patents Nos. 4,871,785 and 5, 034, 461, conbi nati ons
thereof 5and the like. Al of the patents cited herein are hereby
incorporated in their entireties by reference. The silicone and/or fluorine
contai ni ng macromers described in U BomRadents Nos. 5,760, 100; 5, 776, 999;
5,789, 461; 5,807,944; 5,965,631 and 5, 958,440 may al so be used. Suitable
silicone nmononers include 10tris(trinmethylsiloxy)silylpropyl nethacryl ate,
hydr oxyl functional silicone geqtaining nononers, such as 3-nethacryl oxy- 2-
hydr oxypr opyl oxy) propyl bi s(t pt hyl si | oxy) met hyl sil ane and t hose di scl osed
in W03/22321, and nPDMS cont A ~|ng conponents or the sil oxane nonomers
described in U S. Patents No® 4,139, 682704, 463, 149, 4, 450, 264,
154, 525, 563; 5,998, 498; 3, 808, 17R : I\Q/215 5, 710, 302
5,714,557 and 5, 908, 906. Additional s oxane contai ni ng nononers

i ncl ude, am de anal ogs of TRI S descy "8 4,711,943, vinylcarbamate
or carbonate anal ogs decribed in U 5 and nononers contained in
U.S. 206, 020, 445, nononet hacr WYat ed pol ydi al kyl si | oxanes,
and in some enbodi nents nonongt h cry t erm nat ed

pol ydi net hyl si | oxanes which areyterm nated with Cl1-C6 al kyls,

pol ydi net hyl si | oxanes,

3-nethacry|oxypropy|bis(trinethyl QYV“Nﬁﬂhwa|lane

met hacryl oxypr opyl pent anet hyl dis oxane and! conbi nati ons thereof. 25Hard
contact | enses are nade fron1po|yners that include but are not limted to
pol ymers of pol y(nethyl)methacrylate, silicon acrylates, silicone

acrylatesg fluor 0A§U¥édih@r‘éin fahuedeghes $edu@m|gyé:ﬂé@tl\yé mnesnt” 3Ndyepan yi m des,

where the pre aration of reset tive exanples may be found in US

4, 330, 383. HBLefestive B)n% evsr the Hesiref, GIHPRN IR D458 TBPFARESIA8I ng known
material s. F@bro@@ﬂi@lﬁ@bmdé(ﬂ&.éd&ﬁé@fﬁerﬁﬂyréh@eémmtuﬁe@@f@yéé @iag peat eri al
including, without limtation, polynethyl nethacrylate, polyStyrene,

pol ycar bonat &adjy uspé Fonaxamgiey ”&6ﬁt§’mﬂﬂdlr6?l'§ vhese éd’POtO&Hmr@'Ponal ly,
flexi bl e mat ghinBbandR¥%cRR 4 8LohPehtidAbNGe MM JidRsHt rhayhise bk Mbludbgdr ogel s,

silicone materials, acrylic materials, fluorocarbon  materials and the
l'i ke, r1éonﬁPmQY¢6ﬁ§kﬁﬁéﬁéﬁﬂ3m¢§@néQWW3@@@@%@@K&ﬁ"ﬁ@n@égbagﬁra@ﬁtrlbed in

WO 0026698, @Qfgrog)%‘}@&e, iyppﬁ&%gﬂr%%ic %ﬁe%?&%&%r ¥R 90% transmission
above about 600 nm, a spectral dye, such as Basic Blue 66 (CAS No. 94233-
04-2), Indocyanine Green (CAS No. 3599-32-4), Methylene Blue (CAS No 61-
73-4) absorbing in that wavelength could be added in a concentration to

15 provide between about 70 to about 90% transmission. These and other dyes,
are listed, along with their spectra, in “The Sigma-Aldrich Handbook of Stains,
Dyes, and Indicators”, Floyd J. Green, Aldrich Chemical Company, Inc., 1990.
Alternatively, a leuco dye, such as but not limited to those included in US
5919880 could be included

20  The particular amount used also will depend upon the coloring strength of the
selected dye(s), the lens material selected as well as the thickness of the lens.

In some embodiments either the central circular area, the peripheral
zone, or the entire lens may also block UV light. In these embodiments the %
transmission of UV light can be less than about 20%, and in some

25  embodiments less than about 10%. Both UV-A and UV-B light may be blocked.
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0022459, U. S. 4,301, 012; 4,872,876; 4,863,464; 4,725,277; 4,731,079.

Hydr ophil i c nononmers nay be incorporated into such copolyners, 5 including
2- hydr oxywolwil/wsetskacryl ate ("HEMA'"), 2-hydroxyet hyl acPgraiSeq11/031879

N, Ndi et hyl acryl am de ("DVA"), N-vinylpyrrolidone,

2-vinyl -4, 4-di met hy1- 2- oxazol i n-5- one, nethacrylic acid, and

2- hydroxyet hyl methacryl am de. The | enses nay be coated to increase

their conpat ithiill bk ¥ppidchatdd wam théSSs@bodiRRhES Whéte at;%té&fmfe of the
inventions may be coated with a nunber of agents iothat are used to coat

lens. For ex&pppeund Iﬁelseea@mgvfp@fba@mb&the@@%@gtwayﬁgengﬁmomhods of

6. 193,369, " 6 13RS 45gy YAt I g Rty A o

appl i cati ons shetdd lbatr@nmzm@r m@w@@lynutha:mwla@r@dh@pmt@e@pm@ for those
procedures, ¢RIRR§ tions, and methods. 15The central circular area may be
applied to, or printed on, one or nore surfaces of a lens or may be printed
onto one or nore kwriesrakodiment, thel periphecl whie bf the lcontact lensésigjookest erial wil |

be depos t edy 80k S4B LAGROCEIELARN e [ONMDA kAR FRy 6ar ggrati na Che

designs of t invention her mop t' ca rom any
sui t abl e mat éghtablue tightudr agombinblhion bf ﬂh'erﬁvbaﬂn ome empodimenOreateyiphefal ns and

pol yol efins such, as_p opyl ene | yst ne.J sin l,pool ef.i n- based
ol yrers sucrosenacpReriimter I e Wriiar MssBih JhefheLemdun

cycl ool efibns samd eptbvdiraerts Ie‘ssmmf ab@JtIW)"/avlaldn@Mee efnbodinfértotha, pol ynmers
made by ring-o met at h ol rizati n or bor nen ounds

ol Tovad by RSMBGAeEoncane b bbEBHuf Dot ne SgRHERes of EF ava | abi o
from Zeon 25Gpienighasd kh. gl ass metal, or quartz may be used. The central

circular area is _ﬁ@)osmed onto .t he de5|red portion of the nmol di ng surface
of the nold. By "hof 8PHgcidensesaithe rreapnfifvanten aayihave 66Mes nol d or nol d

hal f used t otfigin@sSesSoftcdfSerPhbdut 58hd abbft 2RPARIrdhXN may be carried out by
m crodosi ng spraying, pad printing, tanpo printi n%] brushi ng or stanping.

301 n one 'Bnbodi nefRe NKRNtigR HRaY he Wsedite ptcé(fqel BLIOMtPNACE lepeRsMAge lccor di ng
to the procedpy gndl@sehs Bidtdral, Bma%%pgﬂa%qgﬁﬁamfféét%g]ﬁ%fr’én)éeé‘lbn 2010. The

contact |enses of the invention pr epar ed m Xi ng reactive
conponent s af@e ampodiment i lenseg thhealnpﬁmt@rr@re seft ¢cmtfaqt lﬂnsai drvinghdatetur i ng by
appropriate i Flmi y formed
into the app?gﬁ&rgbtgtoggé%&%tg %B@t@oﬁfep(%tﬁ?éaappﬁ %%&gér} @Hﬁéﬁ%ﬂﬁvﬁe ternatively,
the reacti onabouttXiraadrabpuibesshvatsed In yetanotbederabetimanisbe aemadtyenses ol i nt o

the appr apr | e B i Eni VAL A45(BY GEIRBPA0LE, KGNSO T BBaS N0 the

| ens formul ati ction of  contact ‘T'enses, |nc I'ng~spi ncast i ng
and static c#stpragent Inveomm reaypaldo havd omhred&soablaotodedmelsclodmg hitsnsilavent i on

are prepared b | di n For t net hod th l.ens for |l atjon . laced in
ol o Pt ng A HIBR IR g Hopb 4 5 i S RBo BN R Hal ob eI B ek ot ot i on
i s subject edah@umh@ﬁdmtmmnavheresbynancauobm@mmbomle@teaswinywriheeha\xeo pr oduce
a lens. The | ens reated w a,solvent to .renpve di |l uent and
1t el r OB Ga b mEshteS Bl G Eater B oRe FERF At SR B G G | n s.
Pat. Nos.xs54, é%xé’rl@an b RBPOBRE; 1t4h888 bE Ghierdddd thdl 30mbrItiongwraigor at ed

herein by reference. The gref erred nethod of curing is
foregoing propertie

are desirable, and the above referenced ranges may be
combined in any combination.
The lenses may be made of hydrophilic components, silicone-containing
components and mixtures thereof to form polymers such as siloxanes, hydrogels,
30  silicone hydrogels, and combinations thereof. Material useful for forming the
lenses of the invention may be made by reacting blends of macromers,
monomers, polymers and combinations thereof along with additives such as

polymerization initiators. Suitable materials include, without limitation, silicone
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with radiation, preferably UV or visible light, and in some enbodi nents
with 15visible |ight. In order to illustrate the invention the

f ol | owi ngwexamnpi3esssar e i ncl uded. These exanpl es do not [PCEiUS2¢th@3isnwventi on.
They are neant only to suggest a nethod of practicing the invention. Those
know edgeabl e in contact |enses as well as other specialties may find other
nmet hods of practicing the invention. 20However, those nethods are deened to

be within the %Q@@n%fdetfﬂahssmdb\ﬁsmek%}neﬂé %&%pﬁh@mt)ﬁbﬂn@w ng abbreviations
were used in Yhe exarrp es Blue HEVA the reacfion product of reactive bl ue

nunber 4 and HEMA X%pla%gfoﬁqﬂb‘@ataphle%f@wlaﬁw@ﬁ ingluge bpiere s imBeies, 853
25CG | 185014 f()%mﬁtuoh’u%%'ﬁQtaﬁl&o&AW&?ﬂEMﬁy ﬁJe%%?Wb a@iB%BM&Iyr‘ﬁég%fﬁaﬁ' bi's

(2, 6-di net hyoxybenzo phosphi ne oxi

wat er dei oni zéd fﬂ'@q’n 'ESUIB'FTTaQ@ME@WEM@ cﬁf}ga&lfwonwmlaﬁlcdh Regdlyfileay Al ani de 30

| pAL sopr oyl “areeRar e st 90T shpBkPdE A N BYEh BYasAREA V1 2t e

mPDVBnono- ne’ahdttf‘reyllkex ybe oreférablercontaat lens foohyldiionst dig faimedXmmepdwingr800- 1000)

Nor bl c2- (2 keI Co ML SLERL OSBRI o BARSS Azahe

PC- 1phot ochr Oni '€ €0 ormmul’a ound
Formula Il  sendfilcon, naraﬁlcon, filcon Il 3, asmofilcon A, as weII as silicone hydrogels, as

prepared in U.S. 5,998,498, WO03/22321, U.S. 6,087,415, U.S. 5,760,100, U.S.

10 5,776,999, U.S. 5,789,461, U.S. 5,849,811, U.S. 5,965,631, US7,553,880,
WO02008/061992, US2010/048847. These patents as well as all other patent
disclosed in this paragraph are hereby incorporated by reference in their entirety.

In one embodiment the contact lenses of the present invention are
formed from silicone hydrogel formulations. A silicone-containing component is

15 one that contains at least one [—Si—O—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

20 preferably comprise polymerizable functional groups such as acrylate,
methacrylate, acrylamide, methacrylamide, N-vinyl lactam, N-vinylamide, and
styryl functional groups. Examples of silicone components which may be
included in the silicone hydrogel formulations include, but are not limited to
silicone macromers, prepolymers and monomers. Examples of silicone

25 macromers include, without limitation, mono or difunctional
polydimethylsiloxanes, polydimethylsiloxane methacrylated with pendant
hydrophilic groups as described in United States Patents Nos. 4,259,467;
4,260,725 and 4,261,875; polydimethylsiloxane macromers with polymerizable
functional group(s) described in U.S. Patents Nos. 4,136,250; 4,153,641;

30 4,189,546; 4,182,822; 4,343,927, 4,254,248; 4,355,147; 4,276,402; 4,327,203;
4,341,889; 4,486,577; 4,605,712; 4,543,398; 4,661,575; 4,703,097; 4,837,289;
4,954,586; 4,954,587; 5,346,946; 5,358,995; 5,387,632 ; 5,451,617; 5,486,579;
5,962,548; 5,981,615; 5,981,675; and 6,039,913; polysiloxane macromers
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ppnparts per mllion mcrograns of sanple per gramof dry |ens

PVPpol yvi nyl pyrrolidi none (K 90) Si mma

23- met hacwl2oxyB@38ydr oxypr opyl oxy) propyl bi s (tri net hyl #Craxsg)imestsys si | ane
10 TEGDWVAL et r aet hyl enegl ycol di net hacryl ate Exanple 1 A reaction

m xture was fornmed fromthe conponents listed in Table 1 and diluent (D30)
(77wt % conponent s: 23wt % D30) (Reactive Mxture 1). A reactive 15

phot ochr oni Clrfé:@FHUPé't r@fdr&wu@mno%&s%%@%%s@mcﬁm M/QJ ghpatehtst he

reacti ve conmponents he reaction m xture

was nixed to h@m%mf‘h 5595? 57%9‘5 %T4 9@9 Iﬁ 3?7& ?Hra"&ﬁ 3%@597 dBBEPMB hour s at
about 23C, ueganbngh%; SQHﬂﬁﬁiﬁﬁélﬁ)x%‘ﬁ% Slogk§§ﬁ’d M&?ethghﬁ?él%a&}ch% thbgd ure was

placed into thernoplastic contact |ens rom Zeonor
(comerci al | ﬁew@ﬁﬂa{bUeS fF?aiﬁth(NOZeéﬁNﬂBﬁ@lnétﬁ @& 4671, sambingtiors eretd and

pol ypr Opylsengu{?ﬂ‘r‘é(h urAﬂeaf’thé‘Egt]ehfs @%H%teﬁgﬂﬁéo e )gkgbﬂﬁbra-l{% ﬁ?%@‘:’;

fl uorescent ove and
condi ti ons: abtnatiedbyrieferteecat about 1 mW sec2 at anbi ent tenperature, about

Tmnutes at 2 M gecho AR 00 MAae bk HAUEARShod fe i zeC2 and 80C

Al'l curing was done’in enses were
extracted i nPateatsRo80,6@,) 06 &, 1it6,299; 6f 789 1a6B0D|94428,986, 63 andnt
terrperature | east, 6 wat er. sol.uti on was
exchanged. twPoE8 AT AD ARG o PR Al P TR E P per at ur e for at
| east abaut B&(tnrmmtthmlof(@sulﬁaobylad@thampnaw hedoikarfgectionar siiivovie r esi dual

di | uent and nononers, Iaced l:é&b g n| z d H20 for about 30 m nutes, then
equi | i brat edc?’htal%}gamg POH PP rri%cryg}(y- t |east about 24 hours and

aut ocl aved ah@%i@%wm@@mwuhq&methy|s.|ox95h@t iigeeaNd fRIEsNistidsed imas
nmeasur ed usi Q‘%Pa Per ki n EI ner Lanmbda 45 UV/ VIS scanni ngéer{)ectrorret er

(doubl e nonod¥Poiraeds ! 8pdeRlyMsrcoatinioa cemponents peinelB¥eieoman@eeiEnd

operating soyby@badus Ul Fﬁd%@ntéqwépw m mt hpd@si) 89y, 4 B8gkapounhocy; ect i on
was performed to bal ance the response o he instrunent over the entire

spectral anéé2ﬁe‘5£§u5@88§19§h3 BR& &t %%9 Shore N TheH i% {5302 /el 1 001
absor bances gH@S gweat ched cuvettes, lens holders, etc. can be 5

accounted for renoved fromthe actual data. The lens is placed flat on
a round | ens hoI déddlhcmal svitahiredilaxane Kentginilg MaskMeistineude, anide chi ng t he

lens and m ”gﬂ%ﬁgé‘gf’r“klé‘ s%ﬁbe(yﬁ%lseﬂs71qc§4%e(/t?klﬁar%laﬁ%‘?%8tl &?ré‘?heé”z cuvette

filled to over sol ution’ outs cuvette is
dri ed conpl eaealpgaddcrdnwl IBM@W%\E& randiovethmanseooimiredtie U.S. ori ented in

tT2§| Ienit réonmsg%og\rqlt&&l &%ﬂo%%tﬁacﬂ%xyﬁ%p‘{ﬂe?%lnta&:% 60%%3&&3 |0Q9né41%na?rm)l e beam

some embodiments monomethacryloxypropyl terminated
polydimethylsiloxanes which are terminated with C1-C6 alkyls,
polydimethylsiloxanes, 3-methacryloxypropylbis(trimethylsiloxy)methylsilane,
methacryloxypropylpentamethyl disiloxane and combinations thereof.

25 Hard contact lenses are made from polymers that include but are not
limited to polymers of poly(methyl)methacrylate, silicon acrylates, silicone
acrylates, fluoroacrylates, fluoroethers, polyacetylenes, and polyimides, where
the preparation of representative examples may be found in US 4,330,383.
Intraocular lenses of the invention can be formed using known materials. For

30 example, the lenses may be made from a rigid material including, without
limitation, polymethyl methacrylate, polystyrene, polycarbonate, or the like, and
combinations thereof. Additionally, flexible materials may be used including,

without limitation, hydrogels, silicone materials, acrylic materials, fluorocarbon
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Si GVA 28 PVP (K90) 7 DVA 24 nPDVS 31 HEMA 6 Norbloc 2 CE 1850 0.48 TEGDVA
1.5 Blue HEMA 0.02 15PCl has the follow ng structure:
WO 2011/130138 PCT/US2011/031879

materials and the like, or combinations thereof. Typical intraocular lenses are
described in WO 0026698, WO 0022460, WO 9929750, WO 9927978, WO
0022459,U.S. 4,301,012; 4,872,876; 4,863,464; 4,725,277; 4,731,079.

Hydrophilic monomers may be incorporated into such copolymers,

5 including 2-hydroxyethyl methacrylate ("HEMA"), 2-hydroxyethyl acrylate, N,N-

dimethylacrylamide ("DMA"), N-vinylpyrrolidone, 2-vinyl-4,4-dimethyl-2-oxazolin-5-
one, methacrylic acid, and 2-hydroxyethyl methacrylamide.

The lenses may be coated to increase their compatibility with living tissue.
Therefore, the lenses of the inventions may be coated with a number of agents

10  that are used to coat lens. For example, the coating procedures, compositions,
and methods of WO03/11551, U.S. 6,087,415, 5,779,943, 5,275,838, 4,973,493,
5,135,297, 6,193,369, 6,213,604, 6,200,626, and 5,760,100 may be used and
these applications and patents are hereby incorporated by reference for those
procedures, compositions, and methods.

15 The central circular area may be applied to, or printed on, one or more
surfaces of a lens or may be printed onto one or more surfaces of a mold into
which a lens forming material will be deposited and cured. In one method for
forming lenses incorporating the designs of the invention, a thermoplastic optical
mold, made from any suitable material including, without limitation, cyclic

20  polyolefins and polyolefins such as polypropylene, polystyrene resin, cycloolefin-
based polymers such as TOPAS, which is an amorphous copolymer based on
cycloolefins and ethylene, commercially available from Ticona, polymers made by
ring-opening metathesis polymerization of norbornene compounds followed by
hydrogenation, such as Zeonor, which is commercially available from Zeon

25  Corporation, glass, metal, or quartz may be used. The central circular area is
deposited onto the desired portion of the molding surface of the mold. By "molding
surface" is meant the surface of a mold or mold half used to form a surface of a
lens. The deposition may be carried out by microdosing spraying, pad printing,
tampo printing, brushing or stamping.

30 In one embodiment the deposition is carried out by microdosing according
to the procedure describe in PCT/US2010/020959, filed January 14, 2010.

The contact lenses of the invention may be prepared by mixing reactive

components and any diluent(s) with a polymerization initator and curing by
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The | enses of Exanple 1 were evaluated in a 41 patient clinical study. The
study was a bilateral, subject-nmasked, dispensing, crossover eval uation
25conductwo 20mer3ot3ir ee (3) schedul ed visits. Subjects wecg/useérioadsry fitted
(according to the random zati on schene provided by the biostatistician)
with either a senofilcon A spherical lens (comercially available from
Johnson & Johnson Vision Care, Inc.) (as a control), or a lens of Exanple

1. At the fi bﬁﬁrob@étb%&%n\éltéf&m@é biobu thal cdn 48 %EbsiquisRf fornstbinRothé ve
responses, general fitting characteristics (including mvenment and

centration) aPRIOpNateSBARRYPIEAthiNg. petipgarGthed @hé‘tﬁPrP?t@{eM tegeortior neasur ed.
The subj ect | K @SABERc harhe o BELUIRRORY Lirbd P s BRpRRRLT (ably I n

bright and indoor reduction of glare In ht out oor and i ndoor
| i ght and reddi¢lei on of eye strain. The responses were collected on a five

box scal e (excel l‘@%ﬁ%{s\;ﬁf)é{e& 9Yre foFch[c}:gs@ﬁgg@e |gﬁ§§>r%fé%n$r“ﬁ%y lens

was t hen Fltted an pense simlar to't I'ens and
i of ol | ow up omdwr:h@doﬁcmnttanelamaa lmtumeg leobdasimwnldwtailchaﬁamg elaingat i on.

Posurar o o e fled b SR P B SR R ) oy (o
Clarity of vites omthaudtersns forimulagibb id plgtﬂd (516! Em@ld(ﬂeaﬂrigtheshapé eithe in dim
:?Iegnt(::t ?gnng ? éfétgfr%cﬁ%]s mg&%&g@ﬁg%g%n IS s%BJec e 8%[)ndﬁ gns whe5rleb§’2
10 the components polymerize, to produce a lens. The lens may be treated with a
solvent to remove the diluent and ultimately replace it with water. This method
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. The preferred method of curing is
with radiation, preferably UV or visible light, and in some embodiments with
15 visible light.
In order to illustrate the invention the following examples are included.
These examples do not limit the invention. They are meant only to suggest a
method of practicing the invention. Those knowledgeable in contact lenses as
well as other specialties may find other methods of practicing the invention.

20  However, those methods are deemed to be within the scope of this invention.

EXAMPLES

The following abbreviations were used in the examples
Blue HEMA the reaction product of reactive blue number 4 and HEMA,
as described in Example 4 or U.S. Pat. No. 5,944,853
25 CGI1850  1:1 (w/w) blend of 1-hydroxycyclohexyl phenyl ketone and bis
(2,6-dimethyoxybenzoyl)-2,4-4-trimethylpentyl phosphine oxide

DI water deionized water
D30 3,7-dimethyl-3-octanol
DMA N,N-dimethylacrylamide
30 TEGDMA tetraethyleneglycol dimethacrylate
HEMA hydroxyethyl methacrylate
IPA Isopropyl alcohol

14



Reducti on of eyestrain fromconmputer 56 41 Col or contrast outdoors 54 59
Col or contrast indoors 61 59 15A mgjority of the subjects who participated
in the clwoi2erl13st3ady found that the | enses of Exanpl e PCRarseon®sys7good or
excel l ent at reducing indoor glare, glare fromconputers and eye strain
fromconputer use (51% 54% and 56% respectively). These results were
statistically better than the results reported for the control |enses (32%

32% and 41% n{m\msctiVr%fya-médﬂ%éém&%@r@ﬁyn@@mmkée BOpdivetyRilbkdng tint. The
data al so show that the | enses of anple 1 provide the 'sane clarity of
vision in dimlight (34 &0<008ht/very good) as the control |ens. Col or

l(; gp';nrj i’i: t 1Wé(ig N\E/iiﬂlrtoﬁ/?%unafﬁ-?f—‘h?@rox@-@-rﬁétggalyﬁl]!og(tyﬁthylphenylﬁ?ﬂlﬂéﬁ%tﬂﬁl’(ﬂe dye of

ased upon the weight "o e reaction conponents of
Reactive M xP&& 1) arhoiachzdictcoowarndef Pumulais di ssol ved i nto Reactive

Mxture 1. (shewp in Takly &rorﬁi@?z\ﬂﬁ?pﬁgﬂdt)?ﬁgﬂnml?ﬁe 5Cont ai ni ng Reactive

M xt ure. grrg of the e nt al ni ng active xture was dosed into the
center of a Peonor fr @artsqer wellibrenscrogiats Meeatmplaperngrom Ralaetense M xture 1

was dosed on of t a1 ni active M xture. A polypropyl ene
WP hen adgbeBEaIaRPhCt I

base curve was then d an ds were closed. The fill ed nol ds
wer e i oirradiSahed Aisi ng-nRithacrplexy-R-BAWHXYBopl louppesytid  bul bs above and

bel ow t he | ens nol ds a(ﬂf?nétnel ]‘ ol ; O%nlg'l conditions: about 1 minute at about
1 mN sec? at ylsiloxy)methylsilané

10 TEGDMA tetraethyleneglycol dimethacrylate

Example 1
A reaction mixture was formed from the components listed in Table 1 and

diluent (D30) (77wt% components:23wt% D30) (Reactive Mixture 1). A reactive

15 photochromic compound of Formula 1 (3.2% based upon the weight of the
reactive components) was added to Reactive mixture 1. The reaction mixture was
mixed together with stirring or rolling for at least about 3 hours at about 23°C, until
all components were dissolved. The reaction mixture was placed into
thermoplastic contact lens molds (made from Zeonor (commercially available from

20 Zeon Corporation) front curve molds and polypropylene back curve), and
irradiated using Philips TL 20W/03T fluorescent bulbs above and below the lens
molds and the following conditions: about 1 minute at about 1 mW/sec? at ambient
temperature, about 7 minutes at 2 mW/sec? and 80°C and about 4 minutes at 5.5.
mW/sec? and 80°C. All curing was done in N2. The molds were opened and

25 lenses were extracted into a 70:30 (wt) solution of IPA and DI H,O at ambient
temperature for at least 60 minutes. The IPA:DI water solution was exchanged
twice, and soaked in IPA:DI water at ambient temperature for at least about 30
minutes for each additional exchange to remove residual diluent and monomers,
placed into deionized H,O for about 30 minutes, then equilibrated in borate

30  buffered saline for at least about 24 hours and autoclaved at 122°C for 30
minutes.

The percent transmission was measured using a Perkin Elmer Lambda 45

UV/NIS scanning Spectrometer (double monochromator system) or equivalent,

15



anbi ent tenperature, about 7 mnutes at 2 nWsec2 and 80C and about 4
mnutes at 5.5. mMNWsec2 and 80C. All curing was done in N2. The nolds were
opened amiOl2enigBg13Bere extracted into a 70: 30 (w) sol urcomseditioP®7and DI
H20 15at anbient tenperature for at |least 60 mnutes. The | PA: D water

sol ution was exchanged tw ce, and soaked in |IPA D water at anbient
tenperature for at |east about 30 mnutes for each additional exchange to
renove resi dydridch UeaPCOAIHY d(}%reémgrséﬂw th@mowﬁ\gmm&m&@o for about
30 m nutes, then equilibrat orate buffered saline for at |east about
24 hours and Bagkaeynseairestion wasperiarged Jpbaipngs: the response oftheinstry@®nwas a

bil ateral, sybi&gs oAls iésgotrawaﬁgsma@.ened%eﬁ ﬁ%vﬁé.sf%hqﬁééms%muct ed over
three (3) scheduled visits were initial fitted with either a
senof i | con Aniph@bserhpngesalugde Uema@h@@ﬁweét@%d?ns(wﬁféreﬁi &hyeavail abl e from
Johnson &, Jogmrﬁte\éféF%rgﬁ{o@ed B the é@tﬁﬁlada‘%é’”f 9bas .s%‘iacb&‘ﬂﬁ% Qf 25Exanpl e
2 (21 patients co te accor |ng e random zati on schene provi ded by
t he bi ost at i saundilens. holdertahe clippesitonftod bealbagk witwiut sagttling SetlenPamdhys of

wear, subj ecty difniZrie RMSTe%S1Th%? [iadrid bil .ﬁ% ARt 8 vest{e'fﬂéq{d ncl udi ng
anenent and 'Centy and “physi ol ogi Ca resp nse He T ir st di spensed
| ens were rreaseﬁlmdmg'ﬂrtb paulbpgascblumm reputsidessofdiod twette ds dnecl aodedetalpi |1ty to
see 30 confort in bright and |on are in bright
Ut door and. PRAGEY SPPGRE S e aied €l st Bdifhe Fhutingdl 8L "ver o
col | ect edoonfranfdune dfdbe eaafazingShe eamgplg bagrmee, agree, neither agree nor

di sagree, disagree, strongly disagree). The other study |ens was then
fitted and dispensed simlar to the first study |lens and foll owup occurred
in the sane manner followed by a fi nah'agpéanl uation. A summary of the
results of the "top two box’ responsesis shown in Table 5, below The
scoring systemis such 1hatCHm@HEﬁ"ntscores Wighot & better 5 per f or mance
regardl ess of whether the quegghp wWas [askeg negatively or positively. For
guestions asked positively, such as "l [was very|satisfied with the quality
of ny vision in bright LightPVP (Kd0hi gh|scor® indicates a high |evel of
agreenent (top two boxes stromdMA agree/ aglée), |indicating good vision in
bright light. For the questi owDNISnoti ¢ed 81gl afe effect in bright light" -
a high 10score indicates a hilgbMaevel of digagréeéenment (top two boxes were
strongly di sagree, disagree) Noapldct herefore a reduced glare in bright

light. Table 5 Visual Attribgge1dso 4(% G@oagrol (%9 "I was very satisfied
with the quality of ny VisiofggpMari ghtf Tigat™ 81 43 "I was satisfied with

the quality of ny visiongRle fEGAT 0.02

15 PC1 has the following structure:

20

The lenses of Example 1 were evaluated in a 41 patient clinical study.
The study was a bilateral, subject-masked, dispensing, crossover evaluation
25  conducted over three (3) scheduled visits. Subjects were initially fitted

(according to the randomization scheme provided by the biostatistician) with
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86 72 "Wth these lenses, | felt confident to drive at night" 81 76 "I
noticed a glare effect in bright light" 81 57 "I was able to clearly view a
conput er wWoneant30B88 76 "1 experienced nore headaches wheQTas2oeig/oauscoHput er”
76 67 15 Exanples 3-4 For each exanple the additional conponents listed
in Table 3 were added to Reactive Mxture 1 in the amobunts shown in Table
3, and dissolved to 20 forma Dye Containing Reactive M xture. For diluent,

FXPTZBFeTE%@ééH&%h PREPHEREal0énd (RBRMNETERIP BRABIVRSR JBRERM &s | i sted
Johnson Vision Care, Inc.) (as a control), or a lens of Example 1. At the first
follow-up visit after 5 to 7 days of wear, subjective responses, general fitting
characteristics (including movement and centration) and physiological

5 response to the first lens were measured. The subjective responses collected
included ability to see comfortably in bright and indoor light, reduction of glare
in bright outdoor and indoor light and reduction of eye strain. The responses
were collected on a five box scale (excellent, very good, good, fair, poor). The
other study lens was then fitted and dispensed similar to the first study lens and

10 follow-up occurred in the same manner followed by a final evaluation.
A summary of the results of the “top two box” (excellent, very good)

responses is shown in Table 2, below.

Visual Attribute Ex. 1(%) Control (%)
Clarity of vision indoors in bright light 66 59

Clarity of vision in dim light 59 59
Reduction in glare caused by bright indoor 51 32

lights

Reduction of glare from computer 54 32
Reduction of eyestrain from computer 56 41

Color contrast outdoors 54 59

Color contrast indoors 61 59

15 A majority of the subjects who participated in the clinical study found that

the lenses of Example 1 were very good or excellent at reducing indoor glare,
glare from computers and eye strain from computer use (51%, 54% and 56%
respectively). These results were statistically better than the results reported
for the control lenses (32%, 32% and 41%, respectively) which contained only
20 avisibility tint. The data also show that the lenses of Example 1 provide the
same clarity of vision in dim light (59% excellent/very good) as the control lens.

Color contrast was also unaffected.

25

Example 2
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Dye [dye] [D30] [PVP] [TEGDMA]  (wt % 3 PClL 4515704 PC2 4.40 3
0.5

WO 2011/130138 PCT/US2011/031879

Photochromic dye of Formula 1 (6 wt% based upon the weight of the
reaction components of Reactive Mixture 1) and an additional 5% PVP was
dissolved into Reactive Mixture 1 (shown in Table 1, above) to form a Dye

5  Containing Reactive Mixture.

3mg of the Dye Containing Reactive Mixture was dosed into the center
of a Zeonor front curve lens mold. Next, 80mg of Reactive Mixture 1 was
dosed on top of the Dye Containing Reactive Mixture. A polypropylene base
curve was then deposited and the molds were closed. The filled molds were

10  irradiated using Philips TL 20W/03T fluorescent bulbs above and below the
lens molds and the following conditions: about 1 minute at about 1 mW/sec? at
ambient temperature, about 7 minutes at 2 mW/sec® and 80°C and about 4
minutes at 5.5. mW/sec® and 80°C. All curing was done in N2. The molds were
opened and lenses were extracted into a 70:30 (wt) solution of IPA and DI H,O

15 at ambient temperature for at least 60 minutes. The IPA:DI water solution was
exchanged twice, and soaked in IPA:DI water at ambient temperature for at
least about 30 minutes for each additional exchange to remove residual diluent
and monomers, placed into deionized H,O for about 30 minutes, then
equilibrated in borate buffered saline for at least about 24 hours and autoclaved

20 at122°C for 30 minutes.

The study was a bilateral, subject-masked, dispensing, crossover
evaluation conducted over three (3) scheduled visits. Subjects were initially
fitted with either a senofilcon A spherical (20 patients completed) (commercially
available from Johnson & Johnson Vision Care, Inc.) (as a control), or lenses of

25  Example 2 (21 patients completed) according to the randomization scheme
provided by the biostatistician. At the first follow-up visit after 6 to 9 days of
wear, subjective responses, general fitting characteristics (including movement
and centration) and physiological response to the first dispensed lens were
measured. The subjective responses collected included ability to see

30 comfortably in bright and indoor light, reduction of glare in bright outdoor and
indoor light and reduction of eye strain. The responses were collected on a
five box scale (Strongly agree, agree, neither agree nor disagree, disagree,

strongly disagree). The other study lens was then fitted and dispensed similar

18



PCl- photochrom c dye of Formula I PC2- photochrom c dye of Formula 11 3ny
of the Dye Containing Reactive Mxture was dosed into the center of a 5
Zeonor frwotooumessl ens nol d. Next, 80ng of Reactive M PpCus2@mass7gdosed on
top of the Dye Containing Reactive Mxture. A polypropyl ene base curve was
t hen deposited and the nolds were closed. The filled nolds were irradiated
using Philips TL 20WO3T fl uorescent bul bs above and bel ow the | ens nol ds
and the fol | ennagirstametytibRNENd AMBWLuplodBuREHSn e SRMIMahnSMOBREI B aanbi ent
10 tenperature, about m nut es at mN sec2 and 80C and about 4 m nutes at
5.5. mW sec2fiaglgvabetion) | curing was done in N2. The nolds were opened and
| enses were extragiGhnidH, Bf hotBscil dthd 8B Lok rBipdRAs Wihdi 20 at

anbi ent tenperature for at [east 60 m nutes. The IPDA: DI water solution was
exchanged t wleble Sahalosoakidsdoning pypstem igguel that highbi sopres dennte hettere for at

15| east abou i L - - r esi dual
di | uent alr%d h%r:fgrnrﬁgns%gtrgﬁegggés ?ﬂ\?ﬁe@g?{gﬁi(gjgg{m@gg?g?%gib%e&a%g%yé?nut es, then
equi | i br at ed ppsitivaly.aker questiensasksdlposivélyr suth dsehwas abygatigie cheitir reand

aut ocl aved aéuéﬁ%&%&&is‘?’& igirpgfékﬁfgt}@pa | n&%:lo?esiﬁgi'céée[sear higg%ﬁ?fsm utions

wer e prepare WS ren enperature was added to
cl ean gl ass hgadearent (1Be hed buee Bitarklyaglye/adeeimdicatalgl goodwisidrainl e fr om

O i ff, i ) d 5 F
Suftcrent -t BrathERT HEbr o A8 PRY SHCRd Ao PR WA lons™ BB, °rueen s0
( pol yoxyebhykedsre ifdi€htes amiyH lavel i disabeahesnt top1ms boxdd wewtiohglyl e from | Cl

Anericas, Inc,), (0.08 granms) was.added to each .beaker, d the solutions
here Stiyr ed sk HSRUEEROTE. I Sir & TaERenE I GR Iohhoy et 3.0 Bxamal o
5 0.5%

Table 5

Visual Attribute Ex. 4(%) Control (%)
“I was very satisfied with the quality of my 81 43
vision in bright light”
‘I was satisfied with the quality of my vision at 86 72
night”
“With these lenses, | felt confident to drive at 81 76
night”
‘I noticed a glare effect in bright light” 81 57
‘| was able to clearly view a computer screen” 95 76
“| experienced more headaches when using a 76 67
computer”

15
Examples 3-4

For each example the additional components listed in Table 3 were
added to Reactive Mixture 1 in the amounts shown in Table 3, and dissolved to
20 form a Dye Containing Reactive Mixture. For diluent, PVP and TEGDMA

additional amount of those components were added as listed in Table 3.

Table 3
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Example 6 1% Exanple 7 2% 5The Fixing solution was prepared as foll ows.
Anbi ent tenperature DI water (1000ml) was added to a clean, glass beaker.
Sodi um hywsioarids0(380% (5gm was added under stirring. S8odiusasialBsre de (10
gnm was added under stirring. Tween 80 (comercially available fromlC
Anericas, Inc.) (0.08 gm was added under stirring and the sol ution was
stirred until honpbgenous. 10250 ml of the fixing solution was placed into
each of 3 bedkers.] The [black dye and TIXiQﬂ solutions \were heated to about
55C. Once the ¥ utPrhs rldwlheld Bt BBEYPl0 [TEEE8AInpunt ed in the hol ders
were added tq each bl adk (8%) splution with stirring, insuring that the

hol ders remaijned ¢onpl et ely_ supnmerged.| The Tjlenses_were|stirred in the dye
solution for |6 niH%E%s 15 | dAses| i f hdl der sOwer e|renoved from the dye
sol ution and [excess [futT on was renovied., ThHe Tenses still nounted in the
hol ders fromjeath d?igsolﬂf?on bedker mer® tiransferred|to fixing solution
W th stirringc1IBRotoewoafic Wes 6f Bdrniuled 1 n the fixing solution for 30

m nut es. TheP@DPﬁétoblﬁlroh% des 6f M&hRild gnoved from the fixing solution and
excess fixing solution was renoved. The | enses were 20 renoved fromthe

hol ders, rinsed 3 tinmes in D1 solution until all dye and fixing solution
was renoved and placed into vials with packing solution and sterilized
| enses in vi ghgy ofithd1DpaClointiinis® Retictive. Mixture wastdosed im@ tiehdemteresflaod wi t h

0.5% dye in drating sol ytion resul in nt act . ].enses di spl ayi ng an
et age o of Ao 6 e DBl M bt R BN e b 2BR SO R
concentrat i oy ¢f th&©yBYITHNddihiah R¥aetesSHlixdire oOwspdigiropdénsbagnduridwasnal 9.
Figure 1 shows the % vs wavelength using this method with 0.5%dye in the

hydrating sofifn ¢wosigy endiihsiraeldgweie drgedoohalilad peldingrpiradiated A st udy

was conduct edsihg Fhilips e 209B T ilbidiBe At U ASVE G defiv tHe 18k MiBIdRr ovi des
i nproved indoor confort. Additionally, maintenance of color perception was

eval uat ed. S@0@iNHRHPWinaIcORBHPRS: Sbal /_Emiﬂ%i%?t aowd ddn\isas” abpmbeall. Each
subj ect wgr eteﬁnM#@@b&y%ﬁgﬁg?%gh@mﬁl%t%lﬁﬁeé(r%d 8’(5°d"é?{oeaﬁd“u?mnfr1]iﬂgteg_alt east one

day prior to the star | y first visit eac ubj ect
conpl et ed a PasaWisecqardsd énndll ewingovasdanesintheilhevngdawespampened whi | e

weari ng cont i {1 T e shown in
Tabl e 4. - EnchnSiRaE e BhATEE o 8 roSosafRhon ST REABREEH HBORAE Th one
of 4 differenmbiand fareperature fdriaéleais{ @pmimndes.qlre IRADwvates solation wese gr ound,
tenper ed, angxéﬂa%gbgtt\ﬁicg, and soaked in IPA:DI water at ambient temperature for at

15 least about 30 minutes for each additional exchange to remove residual diluent

and monomers, placed into deionized H,O for about 30 minutes, then
equilibrated in borate buffered saline for at least about 24 hours and autoclaved
at 122°C for 30 minutes.

20 Examples 5-7

Dye solutions were prepared as follows. Ambient temperature DI water
(500ml) was added to clean glass beakers. Reactive Black 5 dye
(commercially available from Organic Dyestuff Corporation) was added to each
25  beaker in amounts sufficient to make the concentrations specified in Table 3,
below. Tween 80 (polyoxyethylene (20) sorbitan monooleate, commercially
available from IClI Americas, Inc.), (0.08 grams) was added to each beaker and

the solutions were stirred until homogenous.

20



spectacle frane). Descriptions of the filters used are shown in Table 4,
and the transm ssion spectra for each is shown in Figure 5. The subjects
wor e t he wpeotizishes for one day, then rated the spect aclPes/usgimgstshe samne
guestionnai re which had been conpleted at the baseline visit. 15Most
subjects wore an additional three sets of glasses, for one day each and
conpleted the questionnaire after each wear cycle. A sunmary of the
responses is shown in Table 5, bel ow Tihe $coring systemis such that

hi gher scores denote better performance regardl ess of whether the question

was asked negatively OE@RBIdT Vel MyefQftUeSti ons asked 20positively, such
as "l was very satisfi P tn,oqumlty off ny vision in bright light" - a
hi gh score indicates “E')%leblé Ve %b/ agreen nt (top two boxes strongly
agree/ agree), indi Catllg Fﬁﬁ)l’e v 11 r—tA—bright |ight. For the question "I
noticed a glare EffeCtE;X Tt 26 Rt a—hi gh score indicates a high

ap trongly di sagree, disagree), and

| evel of disagreenent {+6p Erb—bo%Es—were
therefore a reduced 25g| are in bright light. A score of 3 indicates

neutral/no opinion. _Le 07 QCasys 4.1
P The lemg so%ltlon wa%sprepargcsj ag‘ollows®A bient Pémperature DI

t

water (1000ml) was added to a clean, glass beaker. Sodium hydroxide (50%)
(5gm) was added under stirring. Sodium chloride (10 gm) was added under
stirring. Tween 80 (commercially available from ICI Americas, Inc.) (0.08 gm)
was added under stirring and the solution was stirred until homogenous.

10 250 ml of the fixing solution was placed into each of 3 beakers. The
black dye and fixing solutions were heated to about 55°C. Once the solutions
reached about 55°C, 10 lenses mounted in the holders were added to each
black dye solution with stirring, insuring that the holders remained completely
submerged. The lenses were stirred in the dye solution for 60 minutes. The

15 lenses in holders were removed from the dye solution and excess solution was
removed. The lenses still mounted in the holders from each dye solution
beaker were transferred to fixing solution with stirring. The lenses were stirred
in the fixing solution for 30 minutes. The lenses in holders were removed from
the fixing solution and excess fixing solution was removed. The lenses were

20 removed from the holders, rinsed 3 times in D1 solution until all dye and fixing
solution was removed and placed into vials with packing solution and sterilized
lenses in vials with packing solution.

Utilizing this method with 0.5% dye in hydrating solution resulted in
contact lenses displaying an average %T of about 90 from 400-780nm.

25  Increasing or decreasing dye concentration in the hydration process allows for
adjustment in final %T. Figure 1 shows the %T vs wavelength using this

method with 0.5% dye in the hydrating solution.

30

Examples 8-11 and Comparative Example 1
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A study was conducted to further confirm the transmission profile which
provides improved indoor comfort. Additionally, maintenance of color
perception was evaluated.

Seven habitual wearers of contact lenses were selected. Each subject wore
ACUVUE® OASYS® habitually, or wore them for a least one day prior to the
start of the study. At the first visit each subject completed a baseline
questionnaire to assess their visual comfort while wearing contact lenses,
primarily at a computer. The results are shown in Table 4.

Each subject was then given a pair of spectacles fitted with one of 4 different
spectral filters (optical-quality glass that were ground, tempered, and fit into a
spectacle frame). Descriptions of the filters used are shown in Table 4, and the
transmission spectra for each is shown in Figure 5.

The subjects wore the spectacles for one day, then rated the spectacles using
the same questionnaire which had been completed at the baseline visit.

Most subjects wore an additional three sets of glasses, for one day each and
completed the questionnaire after each wear cycle.

A summary of the responses is shown in Table 5, below. The scoring
system is such that higher scores denote better performance regardless of
whether the question was asked negatively or positively. For questions asked
positively, such as “l was very satisfied with the quality of my vision in bright
light” — a high score indicates a high level of agreement (top two boxes strongly
agree/agree), indicating good vision in bright light. For the question “I noticed a
glare effect in bright light” — a high score indicates a high level of disagreement
(top two boxes were strongly disagree, disagree), and therefore a reduced

glare in bright light. A score of 3 indicates neutral/no opinion.
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Looking at the results for Examples 9 and 11, and Figure 5, it can be seen that
lenses which provide % transmissions of about 70 to about 90% across the
wavelengths from 450 to about 700 nm were reported to provide significant
improvements in reducing glare and strain. The spectacles of Example 9

5  however, did not allow patients to see true colors. Accordingly, where
maintenance of color perception is desired in addition to improvements in
indoor glare reduction, percent transmission of about 70 to about 90% across

the range from 420 to about 660 are desirable.

10  Example 12
A clinical trial was conducted to confirm the percent transmission range

providing improved comfort and glare reduction indoors.
Twenty-two subjects enrolled with 20 completing the study. The
average age of the participants was 32. Seven were male and 13 were female.
15 Baseline eligibility requirements were confirmed. All subjects were habitual soft
contact lenses and were fitted with galyfilcon A contact lenses for the study at
the initial study. At the initial visit, subjects were asked to provide information
on their profession.
At the initial visit and after fitting with galyfilcon A, each subject was
20 asked to wear each of five glasses for an initial evaluation. The spectacles
were manufactured by NolR Medical Technologies (South Lyon, Michigan) that
have been color-match to the PC-1, used in Example 1, at the following light
transmission levels: 79%, 82%, 85%, 88% and 91%. These % transmission
levels included both the spectacles and contact lenses. The contact lenses
25 transmitted 97%, so for an overall target transmission of 85%, the spectacles
were made to a % transmission of 88%. The frames had an 8 base curvature
lens, and fit closely to the face of the subjects to minimize stray light. The
percent transmission spectra for the 82% T lens is shown at Figure 6.
During the initial evaluation and for each pair of glasses, the subjects
30 performed three visual tasks, reading, computer use and watching television,
for five minutes each. Each subject rated the glasses on a five point scale
(1=strongly disagree, 5=strongly agree) by responding to the following

questions:

23



5.0 Looking at the results for Exanples 9 and 11, and Figure 5, it can be
seen that | enses which provide % transm ssions of about 70 to about 90%
across t hwowauetlsersgt hs from 450 to about 700 nm were repOTIGSANTO3BroVvi de
significant inprovenents in reducing glare and strain. The spectacl es of
Exanpl e 9 5however, did not allow patients to see true colors. Accordingly,
wher e mai ntenance of color perception is desired in addition to

i nprovements in i BAQYS ofltRE @arke\éggfdf@ﬁbsep@drﬁgatleﬁée%.ném/érsgragséH 1abayit 70 to
about 90% across the range from 420 to about 660 are desirable. 10Exanple
12 A clini2dle toryark ahdhe sampetesieat ac mropEiReAvRECp &gledsion with
transm ssi on ranggydyroviding i nproved confort and gl are reduction indoors.
Twenty-two subjects enrolled with 20 conpleting the study. The average age
of the partici panfWilgaering atdhe computerirgddingaomagazire/wafchingl elevisorBasel i ne

| bi | bi t ual ft

contact | Snses aneaans of ME{ SnfilrkBE dnas ot B8 B e e Tor the

study at the initTlhe resulisiwereitabulated for each swbjseitandshbjtecthseargleesesstsed t o

provi de | nf of gk b bREl ol ALESSEANTHALuBRESH L il KIct b ol il o
as 1o

fitting with garyrilcon each | éCt was wear ~eac five
gl asses for glassen duradg tbmahemW@norTetsksspect acles were rranuf actured by NolR

Medi cal Technol og Sout h L hat __ha coI o] ch to
the Pe 1, used | o apubEpaists e, selepllefohe deVR!afed tFe JREAL G iRl el
79% 82%1085%;u@8%r&in¢39§1%ogyh&&®e Yasdezsedn Sr$d O@edhevwbisct ncdrupletbdbat h t he
spect acl es and cont act Icg_ﬁze The cont.act @ﬁes 25 transmtted 97% so
for an overalql"e?thnQ@‘fe bt dhg glapeRs intaRDg ﬂfeh QWDGHEP I Sner e made to a %

transm ssion of 8Bk wHaAng rABesSuiishses Srobidsemors Wadusl &on@Ba, thaRdjubi t
closely to the face of the sub! ects to mnimze stray light. The percent

transm ssion specVPH LN | P¥éns is shown at Figure 6. During the

initial eval uati ownaRdditioyoeaRic®anls Bén&’haﬁléeﬁwsi’?he FoHRix@aRipfe: 35 By f or ned
three visual tasks, reading, conputer use and watching television, for five

M nutes dhch. EactPraRipecicadinged Paek galshing levsipnye - poPW@3§céﬁtea|

(1=strongly di Sagélﬁ%tloéiﬁmtafﬁ i,y agree) by responding to the foll ow ng
guesti ons: Based t ness of these contact |enses and/or gl asses,

| was able to workhe&golohef e Apuglessesstdinet brdepi e &M viilcinde@Bevi si on wi th
ease. Wiile working at the conmputer/readi ng a magazi ne/ wat chi ng tel evision

5the color of the_contact |ens asse s accept abl e. The
results were tabuPBY&WY PgFe%%ﬁ% cg’@C?Ub Ep@rﬁgerv% he RPeagPSisses as rated
by that sybj @%bem&ndhé%wﬂ%onﬂa& Stk &fdrie. weyneoumirfe%ité&tm wear the
gl asses during their usual i1ndoor tasks. Follow up visits were schedul ed

1-3 days af t 8HDiEFis Whet lisfad carapets ngted thet sila%se&oquwge%ﬁ@r%%f%n 39 wer e
assessed andCSﬁtﬁ& |éh¢as%%necwm RoRGh PatEShRBAAETE (HRAKbF e ab@sses

containing the foll ow ng questions.
(16) subjects who listed comments noted that glasses provided more comfort
than contact lenses alone when watching television. Subjects were split as to
25  the optimal level of transmission, with 48% preferring glasses with less than

85% T and 40 % preferring glasses with greater than 85%T.
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Did wearing the sungl asses provide nore visual confort than just wearing
contact | enses only? When did you notice this benefit the nost? For
exanpl e: WO 20he13aB8onput er, readi ng a book, watchi ng telPevits2@n/031879 Pl ease
list all situations that apply. The color of the sunglasses did not bother
me AT ALL indoors. Seventy percent (70% of the subjects preferred the
spect acl es 20di spensed in the study to contact |enses alone. Ten out of the
si xteen (16) ywjicahimarhe | i sted comments noted that gl asses provided nore
confort than contact | enses al one when working at a conputer. Five (5) out
of the sixteen (16) subjects who |listed cooments noted that gl asses

provi ded mor g, comAehiaklRRs 6aAhaCk: A0SR ALARE BN WBIER RSl Si on.

Subj ects were split as to 25t he evel of transm ssion, th 48%
preferring gbakeses Mite A0Ycassossibe regsys of 426d0A0mys preferring gl asses with
greater than 85% . Wat is claimed is: 1. A contact |ens having, at about
body tenperature, a percent transm ssion between 70 to 90% across the

regi on of 42@- 700Amantazt leps compasing beestralainouias areg centarad ahh gepmetricar ar ea

cent ored at g, gepRRhLIGCRANELA o hARAENS A0Y. NBYINg, 8 Hhammter of about 1

to about 9 mm'and a pertiphe eérein Sald central circular area
has, at body peeprEzaladoneewherejresaie nénttal aincutarssea habedtwedn téffpdratud®% acr oss
t he region of 450-660nm . 3, The tact lens of claim ein said

bor i phor i 2 BRESALCTENTRs e dhetEPa Db 30k EBRs feaBulnB A eEP hase ™ han
about 20% 4. The contact |ens of claim2 wherein said peripheral zone is
capabl e of 15substantially blocking the transm ttance of UV, blue |light or
both. 5. Th -conf%%i:orﬁaﬁ e Siaig WGkt 8419 PedRET IAOPBINER A PYERTY | s
capabl e of bkaskhREioAln tRASY ralRust IShah abbet Zovansmi ttance of UV 1ight.
206. The contact lens of claim2 wherein said central circular area has a

di amet er of between about 4 and about 9 mm 7. The contact lens of claim?2

\Aﬂer tei g sai dqcent TiRd cnthGUE ™ ofdll B NAReirfsANBERShEI RAEWESIHANOHE 6 and
abou nmm
15 substantially blocking the transmittance of UV, blue light or both.

5. The contact lens of claim 2 wherein said peripheral zone is capable of

blocking at least about 90% of the transmittance of UV light.

20 ©. The contact lens of claim 2 wherein said central circular area has a

diameter of between about 4 and about 9 mm.

7. The contact lens of claim 2 wherein said central circular area has a
diameter of between about 6 and about 9 mm.

25
8. The contact lens of claim 1 or 2 wherein said lens comprises at least one

dye in an indoor glare reducing effective amount.
9. The contact lens of claim 8 wherein said dye is selected from the group

30  consisting of photochromic dyes, leuco dyes, thermochromic dyes,

conventional colorants and combinations thereof.
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8. The contact lens of claiml1l or 2 wherein said | ens conprises at | east
one dye in an indoor glare reducing effective anount. 9. The contact | ens
of clai m8owhawBdrsssai d dye is selected fromthe group BOTArssé13/0813g9 of
phot ochrom ¢ dyes, |euco dyes, thernochrom c dyes, conventional colorants
and conbi nations thereof. WO 2011/ 130138PCT/ US2011/ 031879 10. The cont act
|l ens of claim2 wherein said central circular area conprises dots

conpri sing atpl easpe @csme@u@né &F AIm NEABTeirdsAd Behtesl bnar SEbeehipyigegnount .
11. The contact lens of claim1l wherein said percent transmssion is 5

bet ween aboutlotesomprigingiat lerstoae fye § Qm@d%@ﬁ!'éﬁ@ rgflucipgeffectiye@mpunt. 12. The
contact lens of claim1l wherein said percent transm ssion i s between about
80 and about 90% across the region of 420 to 700nm 1013. The contact | ens
of claim1 wiédrei hheeaoriagiderseoitclaimahwheredl eaid peraget irramisgiouis 75 to about

90% acr osg t R fLal 3,075 tPREYHM acr%sd's th&EGIGR3E 2 bdﬁﬂﬁnrﬂ“ claim1

wherein said percent transmssion IS vveen about and about 90% across
the regi on of 450-660nm 15 15. A nethod for reducing indoor glare

i sconfort | RaComABtohEMIHeR! Gn FRIBHIPLIG BREh AR SiEREh ey of sai d

contact | ens \Wearer a cont HL? l'ens ransm ssion at about
body t enper abawmechetboats0 @0d bbo @@ /aacross theregioagif d20 6d 7d&m700nm 20 16.
A nmethod for reducing glare disconfort in contact | ens wearers conpri sing
applying to each eye of said contact |ens wearer a contact |ens conprising
a centralioci n8ul aTha@c@#acteemisfathimmt 1 Whg@fimﬁld perceantraisniiésioma | ens and

having a di afet er of a pout 9 mm and a eral zone, 25wherein
sai d central “@@GIBQPUE?%LP %}?%‘?gﬁt/ HORP WE%P%PD?@S 6§ 'YBr cent transmi ssion
bet ween about 70 to about 90% across the region of 420-700nm 17. The

contact lens of claim1l further QO[TBI’I sing a circular area centered at a
geonetric cenfer bfe perdagtders ofiidpimal Vhg el eRid REEGSPL HANSANBRIN B t 0 about 9 nm

30and a peri pBf¥eah HR0ESO aﬁ@ia%mrg@waér@sgtm@gi@heﬁabomosmconprl ses a col or
print, iris pattern or a conbination thereof

2011/ 13011_38PCT/ US2011/031879 18. The cont act | ens of claim9 wherein said
dye conprisegsat heasho®RR redlRSRGRESSH fard¥escomfort in contact lens wearers

comprising applying to each eye of said contact lens wearer a contact lens
having percent transmission at about body temperature between 70 to 90%
across the region of 450-700nm.

20

16. A method for reducing glare discomfort in contact lens wearers

comprising applying to each eye of said contact lens wearer a contact lens
comprising a central circular area centered at a geometric center of the lens
and having a diameter of about 1 to about 9 mm and a peripheral zone,

25  wherein said central circular area has, at body temperature, a percent

transmission between about 70 to about 90% across the region of 420-700nm.

17.  The contact lens of claim 1 further comprising a circular area centered at
a geometric center of the lens and having a diameter of about 1 to about 9 mm
30 and a peripheral zone, and wherein said peripheral zone comprises a color

print, iris pattern or a combination thereof.
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19. The contact lens of claim9 wherein said dye conprises at |east one
5phot ochrom ¢ dye and at | east one conventional colorant. 20. The contact
| ens of cWaizmi193wiser ei n sai d dye conprises at | east onePCOrUS0ti0o13a9
colorant. 1021. The contact lens of claim9 wherein said dye conprises at

| east thernochrom c dye selected fromliquid crystal

pol ymers.

18.  The contact lens of claim 9 wherein said dye comprises at least one

photochromic dye.

19.  The contact lens of claim 9 wherein said dye comprises at least one

5  photochromic dye and at least one conventional colorant.

20.  The contact lens of claim 9 wherein said dye comprises at least one

conventional colorant.

10 21.  The contact lens of claim 9 wherein said dye comprises at least

thermochromic dye selected from liquid crystal polymers.
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