WO 2005/ 025843 PCT/ EP2004/ 010135 -1- Method for neking contact |enses The
present invention is related to a nethod for nmaking a contact lens. In
particular, the present invention is related to a nethod for production of
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mold is polymerized or cross-linked by means of actinic radiation (e.g., UV irradiation,
ionized radiation, microwave irradiation or by means of heating. Both the starting material in
the mold cavity and the excess material in the overflow area are thereby hardened. In order
to obtain error-free separation of the contact lens from the excess material, a good seal or
expulsion of the excess material must be achieved in the contact zone of the two mold
halves. Only in this way can contact lenses without erroneous edges be obtained. In these
conventional mold processes, the geometry of a contact lenses to be manufactured is
defined by the mold cavity, and the geometry of the edge of the contact lens is defined by
the contour of the two mold halves in the area in which they touch one another.

There are some disadvantages associated with a conventional full-molding process using
disposable molds. For example, manufacturing cost of contact lenses could be still high due
to the time and cost for the manufacturing of disposable molds. Molds used in a conventional
full-molding process typically are plastic molds (polypropylene or polystyrene), which are
produced by injection molding and are only used once. This is because, among other things,
the molds are partially contaminated by the surplus material, are damaged when the contact
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European Patent EP 0 637 490 B1 describes a process by means of which a further
improvement in the production process of contact lenses from crossli nkable prepolymers,
such as, for example, crosslinkable prepolymers described in US Patent Nos. 5,508,317,
5,583,163, 5,789,464 and 5,849,810, can be achieved. In this case, a lens-forming material
(a prepolymer solution) is introduced into a mold consisting of two mold halves, the two mold
halves not touching each other but having a thin gap of annular design arranged between
them. The gap is connected to the mold cavity, so that excess lens forming material can flow
away into the gap. The crosslinking of the lens-forming material in the mold cavity is carried
out by means of actinic irradiation, in particular UV light, under spatial limitation of actinic
irradiation (e.g., by means of a chromium mask). Thus, only the lens-forming material which
is in the unmasked area in the mold cavity is crosslinked, whereas the lens-forming material
located in the masked area (behind the mask, such as in the gap). High reproducibility of the
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Therefore, there still a need for a process for producing contact lenses with relatively high
edge quality and with relatively high precision and fidelity in reproducing a desired lens

design.

SUMMARY OF THE INVENTION
The invention, in one aspect, provides a method for producing a contact lens with relatively
high edge quality and with relatively high precision and fidelity in reproducing a desired lens
design. The method comprises the steps of: (1) obtaining a fluid com position comprising a
lens-forming material and a radical scavenger, wherein the lens-forming material is
crosslinkable and/or polymerizable by actinic radiation, wherein the radical scavenger is
present in the fluid composition in an amount sufficient to provide an induction time which is
equal to or larger than that caused by oxygen present in the fiuid composition and which is
from 5% to 50% of initial cure time; (2) introducing the fluid composition into a cavity formed
by a mold, wherein the mold has a first mold half with a first molding surface and a second
mold half with a second molding surface, wherein said first and second mold halves are
configured to receive each other such that a cavity is formed between said first and second
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fluid composition substantially reduces the crosslinking and/or polymerizing of the lens-

forming material outside of and around the spatial limitation of actinic radiation so that the

quality of the edge of the contact lens to be produced can be improved.

The present invention provides the foregoing and other features, and the advantages of the
invention will become further apparent from the following detailed description of the presently
preferred embodiments, read in conjunction with the accompanying figures. The detailed
description and figures are merely illustrative of the invention and do not lirmit the scope of
the invention, which is defined by the appended claims and equivalents thereof.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a cross-sectional view of a mold in the closed position, which is used in a process of
the invention according to a preferred embodiment.

Fig. 2 is a cross-sectional view of the male mold half of the mold from Fig. 1.
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The term "centact lens" employed herein in a broad sense and is intended to encompass
any hard or soft lens used on the eye or ocular vicinity for vision correction, diagnosis,
sample collection, drug delivery, wound healing, cosmetic appearance (e.g., eye color
modification), or other ophthalmic applications.

A “hydrogel material” refers to a polymeric material which can absorb at least 10 percent by
weight of water when it is fully hydrated. Generally, a hydrogel material is obtained by
polymerization or copolymerization of at least one hydrophilic monomer in th e presence of or
in the absence of additional monomers and/or macromers. Exemplary hydro gels include, but
are not limited to, poly(vinyl alcohol) (PVA), modified polyvinylalcohol (e.g., as nelfilcon A),
poly(hydroxyethyl methacrylate), poly(vinyl pyrrolidone), PVAs with polycarboxylic acids (e.g.,
carbopol), polyethyiene glycol, polyacrylamide, polymethacrylamide, silicone -containing
hydrogels, polyurethanes, polyureas, and the like. A hydrogel can be prepared according to
any methods known to a person skilled in the art.

The term “fluid” as used herein indicates that a material is capable of flowing like a liquid.
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condi tions I cate ot herw neans a ma I al ned by

pol ymer i Magpulsnweight m;ucellmwsragﬁmmbowyl@bw‘le%h@n 80G Baliors.arti ng

pol ynmer whi ch can be pol ynerized and/ or crosslinked upon actinic radiation
to obtain a crosslinked polyner having a nol ecul ar wei ght rmuch hi gher than
t he st ar ¥ RydrEBilmvnylic WOnoUes /refesda 3 NAETPEPXGh /a9 U s Polymer typically

yields a polymer that is water-soluble or can absorb at least 10 percent by weight of water.

A "macromer” refers to medium and high molecular weight compounds or polymers that
contain functional groups capable of further polymerization. Medium and high molecular

weight typically means average molecular weights greater than 700 Daltons.

“Molecular weight” of a polymeric material (including monomeric or macromeric materials),
as used herein, refers to the number-average molecular weight unless otherwise specifically

noted or unless testing conditions indicate otherwise.
A “polymer” means a material formed by polymerizing one or more monomers.
A “prepolymer” refers to a starting polymer which can be polymerized and/or crosslinked

upon actinic radiation to obtain a crosslinked polymer having a molecular weight much
higher than the starting polymer.



-7 A "photoinitiator" refers to a substance that can initiate free radi cal
pol yneri zati on and/or crosslinking by the use of light. Suitable
photoinitiators are benzoin nethyl ether, diethoxyacetophenone, a

benzoyl phosphi ne oxi de, 1 -hydroxycycl ohexyl phenyl ketone and Darocur and
| rgacur typ&¥0 ZWP@?‘éf%bl y Darocur 1173(r) and Darocur 295Y(/§P20HPINST es of
benzoyl phosphine initiators include 2,4,6-trim

et hyI benzoyl di phenyl o- phosphi ne oxi de;- 7bi s-

(2,6-di chl orobenzoyl ) - 4- N-propyl phenyl phosphi ne oxi de; and

bi s- (2, 6-di chl orobenzoyl)-4-N- butyl phenyl phosphi ne oxi de. Reactive

phot oi ni t,i. [ ; oner or
Gan b uleanagnd GeteritS £ SurkRies BRt Eriialelfe FEATRL Ameli Bt Bn Bl Tl Ve
phot oi n| ErO@smkmgahyéhQ hersef lights BHigabiaiphatoiEatorsGBe bemgin ﬂlfﬁféylmb“hey,rrerl zation can

t hen 0
parti cul a?e‘il-}j%%‘d' ﬁ%h@ﬁéneg)ﬁsbgﬁ%dg@'hi%sﬂ de ﬁ]hlx&%ﬁ'z& é %ﬁﬁ?%{rﬁgrr’r%nt s can
be cont r Baresyr artbeasnyrgs, que@bbrflﬂ@@ql&ﬁﬂ é7 g@)?“d 'aéi@P‘#" ?@ﬁg@f Examnlgsioé

phot osengpii g Bhssphihe’ 1Mh§tbi%' ihdlide é h @tthmgthgla@ﬁgoy|drpﬁéﬁm&pﬁ&spﬁmé WRRiaRRe that
dyes (or colors) a contact lens to enable a User to easil | ocate a contact

|l ens in &Bidichlorehengar)ohNvarenyinheaylpasehiae SP"Qﬁeandcﬂ'ssﬁzrﬁ’@@ﬁ'Prﬁae'ﬂﬂoyl)c‘l’f -hni ng

cont ai ne'butylp‘hehﬁp%%ﬁm&@ﬂ&@ R8adiite I@dtém?tl’é'l%Fs Whisly SarPitih&drpSraftldgfmnt can be
used as a ‘visibility tinting ag enF e" nmeans a substance that is

sol ubl e EXREPIEINPSNaGRRICE Wa‘tanlt? W@éstaﬁpFﬁﬂaW?“o&ﬂréfe alpgy @gtablgy Exagpiesal |y

t ransl ucgpfeagfid &Qﬂt&t&ytaréimogmls@s@dtuetsplo mtsngmue §&yrh@#péaﬁorblc@ﬁ@rwt ible
dye can be use the present invention. " ' nmeans powder ed

subst ancé’ett'}*%ereids"f%?)’s‘ifé'ﬂﬁééd‘?tf?“afqr iem;gje;gptv\;ﬁ,pgﬁmpl@r V¥ "ghtrPéGISHBPE’e A pi gnent

can be aV\faw@ﬁgiﬁmtspacmwreﬂbﬁ@&b@b@%@@tfﬁue@emhgly peapk@FeRntby pi gnent,
or conventi.ona any suitable pignent may be enployed, it is

presentl?d?ﬂ'%rf%frﬁgg%rreﬂ%‘?toﬁﬁ‘é't'ﬁ?rﬁnent be heat resistant, non-toxic and

i nsol ubl e in aqueous sol utions. Exarrpl es of preferred pignments include
Cl. Al I de t f |
bt hal oc RGeS FRTirene 1t Seleriinse it fyoctyh 8vs/ Sharfist 43P 6 *riplegrment
bl ue 36, a@skr toEA3l3pcatd arwentactienms iBG dléar aolutart \)n;ttheﬂermajsmragﬂ dBinB2&ing or
d t) I ' t 7, C1.
() k8 Lofanth 568 il Run PHESK 5N BenGLPERCARLPERN, Qreen. I C.!

74260) angamh om um sesqui oxl wnoan
vari ous Nﬁtbnlt)obntldgsgerPRlzz PY154, for violet, <carbazole violet: for bl ack,
Monolith black CK (CIBA Specialty Chem cal s). WO 2005/ 025843

PCT/ EP2004/ 010135 -8
A “dye” means a substance that is soluble in a solvent and that is used to impart color. Dyes

are typically translucent and absorb but do not scatter light. Any suitable biocompatible dye
can be used in the present invention.

A “pigment” means a powdered substance that is suspended in a liquid in which it is
insoluble. A pigment can be a fluorescent pigment, phosphorescent pigment, pearlescent
pigment, or conventional pigment. While any suitable pigment may be employed, it is
presently preferred that the pigment be heat resistant, non-toxic and insoluble in aqueous
solutions. Examples of preferred pigments include (C.1. is the color index no.), without
limitation, for a blue color, phthalocyanine blue (pigment blue 15:3, C.l. 74160), cobalt blue
(pigment blue 36, C.l. 77343), Toner cyan BG (Clariant), Permajet blue B2G (Clariant); for a
green color, phthalocyanine green (Pigment green 7, C.l. 74260) and chromium sesquioxide;
for yellow, red, brown and black colors, various iron oxides; PR122, PY154, for violet,
carbazole violet; for black, Monolith black C-K (CIBA Specialty Chemicals).



A "spatial limtation of actinic radiation” refers to an act or process in
whi ch energy radiation in the formof rays is directed by neans of, for
exanpl e, a mask or screen or conbinations thereof, to inpinge, in a

spatially rewbrzim(;}ﬁ%ﬁanner, onto an area having a wel |l dglifseoREsd pher al
boundary. For exarrp:] €, a spatial limtation of WV radiation can E)e achi eved

by using a mask or screen which has a transparent or open regi on (unmasked
regi on) surrounded by a WV inperneabl-€regi on (nmasked region), as
schematically illustrated in Figs 1-3. The unmasked regi on has a well
defined peripheral boundary with the unmasked region. The term "induction
time" r ?fAeTsﬁaﬁa@ liit&tionef dgthﬁyraﬂiati@r’ﬂ’l&ef@@&@hn a&tdawmdegs mfwracH ensrgl/Qadihtigh
material wi.th actjnic radiation, e. U radiatigon, at a given.intensity,
Caused: by oty s sie3h b Riefs B tos st TSk s e HsPilnofar e 1 i
The i nduahérest, td impingepin asspatisly resttidtetematpui ontalah arcatHaeing adivelatiefieavenger to
be fully cansuned in a reaction bet n.the ven ragdi cal s.

pol ymer | FRPa A P i ESpR, SRRV R o dEMESRAE oo cPRE By ai can
scavengerusing & mb$k/orcoresnveiith Hese ttansparéntror bpert regiondutmaskedi negioel er ence to a
first fluj 0 it i i cal, scav | L NG: n, nmeans
i requiFe vy | RPsab B ) (REREREBLR o sh R O HHER
scavengerkigavher Biewrtnesked regfont hasi adweliadgiined periphe Hdumdgryovithytherusmmasked second
fluid COWQ@%B“ on in the anounts of the radical scavengers (the first one

wi th the radi‘cal scavengers and the second one w thout the radical
scavengers). Determ nation of initial cure tinme can be obtained according

to any kngune i‘iﬁcfd%h&n ﬂﬁé"ﬂ%% tof Oﬁmgé%) hhe SR 8#3&%9@89&’19%%};%9 (study of
viscosity as function of irradiation time under a constant energy-exposure)
or UV kimaeiia with adinisradiationlye. of UVvadidsioor i argiendstensitycedusaddty ther adi at i on

tinme undej.a,cOBRL ARfcal @dagé@élrwe%sarmmﬂ%ﬁat%ﬁén! Yhe iﬂd&c%ﬁ'tinﬁ’ééf ddefiR fOr a

fluid conposition wth radi cal scavenger e sum of an i1nduction tine
and an i rf imareasiipdfor thegradicpscaypagante De fyk sensnesdn fdpadion deiwert hed and a

fluid corgesdrgePind @kicRE OBWiGh &GOSR lend-RASEY Mbtbfal 'b&}(;}iﬁé one/ attdhitigh edge
quality. The nmethod of the 1nvention involves: a nold ich "has a first

nol d hal fradiFgseavenperds Uiy censygesur f ace and a second nold half with a second
nmol di ng surface, wherein said first and second nold halves are configured to
receive er such that the cavi or ned bettn\/]\ﬁgljgﬁzai d first and

ch ofh : ty. is f ]
second nol'§i R i gEredime; in wherencg to Iaifﬁ%{f'QFiCBWpB?‘t‘%[b‘f“i greMeNee’s: and
addi ti on igdluding exiged| mepa\iaregequiidd for dukibg 8 secamaiFiaRl danfpasifiomithdun@dial
lens-for rgchgeng%ﬁ %vrhie%liri th\é\tt)lrs%?Igi%/cg%%gs%g’onpﬂérslz gr%lg?r%{not%g %g’cSond fluid composition
~ in the amounts of the radical scavengers (the first one with the radical scavengers and the
second one without the radical scavengers). Determination of initial cure time can be
obtained according to any known suitable methods, for example, photorheology studies
(study of viscosity as function of irradiation time under a constant energy exposure) or UV
kinetic studies (study of UV absorbance.as function of irradiation time under a constant
energy exposure). Typically, a total cure time for a fluid composition with radical scavenger is
the sum of an induction time and an initial cure time. |

The instant invention pertains to a method and a fluid composition for producing contact
lenses with relatively high edge quality. The method of the invention involves: a mold which
has a first mold half with a first molding surface and a second mold half with a second
molding surface, wherein said first and second mold halves are configured to receive each
other such that the cavity is formed between said first and second molding surfaces; a
spatial limitation of actinic radiation; and addition of a radical scavenger in a fluid

composition comprising a lens-forming material.



-9 The invention, in one aspect, provides a nethod for producing a contact
lens with relatively high edge quality and with rel atively high precision
and fidelity in reproducing a desired | ens design. The nmethod conprises the
steps of: (1) obtaining a fluid conposition conprising a__|ens-formng
materi al anWORPHMAER scavenger, wherein the |ens-form RETFEIEHPUI3S s
crosslinkabl e and/ orpol yneri zabl e by actinic radiation, wherein the radical
scavenger is present in the fluid conposition in an anount sufficient to
provi de an induction time which is equal to or larger than that caused by
oxygen present in the fluid conposition and which is from5%to 50% of
initial cure time; (2) introducing the fluid conposition into a cavity
formed by a nold, wherein the nold has a first nold half with a first

nol di ng Sbe fraerticanih anesspenicprovidasch mathpd fgriprodsciog asratagopes Wih slativete,
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sur f aces desig T@S)m@h@ﬁ;@qmn‘iﬁﬁﬁ@eéﬁﬁiﬁ(ﬂf (hoebyziaipg 2iflHig coppositierscarapifingyamat er i al
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having a tirst surface, an Eléosme second surface and an edge, wherein the

first suffosgiakaklegaionaelyasizaple byiactnic igiadPhdhetrn %éad'Fadéc%V@BS?fds surface is

defined Bysken chﬂﬂid@ltlaﬂmséﬂirﬁ&ﬁu safidlerthe p%dﬂ@ anlifoug@dr e whitH iBe
spatial limtation of actinic irradiation, and wherein the radi cal scavenger

present PAUal FReO'T'Piﬂeﬁltf@ar‘r‘iﬁé%%ﬁeeﬁyPéﬁﬂf@&e%’ﬂb@tt%fﬂLI'%Fq"I}PQSH@” and which is

crossl i nkbR®PH yamrolf FitROcPé t.ﬂhee ) iRRRiuéing fﬁeﬁlnd’"ﬂbﬁ@bblﬂbn mt&@t@kﬁt ®WrrAcyl
aroundthes atial limtation act inic radlatloqr)]glsot at ﬂuallty of

the edgeby? ”i‘%r"t’ﬂ?é‘c’i“ t']erf”%{@%? BQF%E‘O\M hal with; asfiragpIeing éf'”ft‘%ea“id Mon, the

t wo ODDOMOtoehéFﬂWﬁhaé?@&oﬁaﬂ‘toﬁfng)@r@Ué fuaeeein aad fipoat®sdcond Fiold RMe)s P& a cont act
| ens aredflne urfa is deflngd

L ho” sant PATIO{A to Atelty s QIRET sHen et AR FRl B iogHBa e s e iR 6i88 onl y
t hg Lenmof@fgmmcaata?ul(?lcmsfr’lmm ?dmgbhymebﬂ?]mm\ebgnstfb&nmg\mamfyladuru]mgemr f af:es
nd the pr ct.l Qn I he LN era oyn of the spatia
P o SreeEien of el FailEion 8 FRE cBfR PR Rln AP dr R ab ot e ot | and
i mredi at epposite secmhdtdueageanddresdgle, Wbheradng firef surface |ssimat1edalby therirdtat i on i s not

li nk . h and
o oot se. AsTEfeb hF Weekd 5Tt GRS HERMaHIAtLG PG ndERB: 2, Ton
of acti mdefinedibyathemwatimmw@n of hctiq'miaredlam apd wheralghhe ra@hdabeu@vérwem ng

mat eri al QUL S0 thHuidBdh OstﬂH‘ﬁ ﬁ%g&dyub‘gfaﬂﬂﬂg tﬁé‘&o@s‘ﬁ%ﬂ@?&@% #gégrﬁ‘ & of the

spati al P tation 1 n y|nC|dent
actinic reaaﬁ@rmmwr,naletnamyelcﬁ¢f|andbeounﬁﬁhmg@dalbwdtl¢rfQf@@timc ragiigdion sp dalatand/ or

refl ect eﬂqeidlféht‘}%ﬂheaé‘t}gie'?é ﬁp‘?&%ﬁ.ati on. This result is caused by the fact that

In accordance with this method of the invention, the two opposite surfaces (anterior surface
and posterior surface) of a contact lens are defined by the two molding surfaces while the
edge is defined by the spatial limitation of actinic irradiation. Under ideal conditions, only the
lens-forming material within a region bound by the two molding surfaces and the projection
of the well defined peripheral boundary of the spatial limitation is crosslinked whereas any
lens-forming material outside of and immediately around the peripheral boundary of the
spatial limitation is not crosslinked, and thereby the edge of the contact lens should be
smooth and precise duplication of the dimension and geometry of the spatial limitation of
actinic radiation. However, in practice, although the lens-forming material outside of and
immediately around the peripheral boundary of the spatial limitation is not subjected to
impingements of directly incident actinic radiation, it may still be impinged by diffused,
scattered and/or reflected incident actinic radiation. This result is caused by the fact that

when impinging on some parts of a mold the incident actinic radiation can be diffused,



when i npi nging on some parts of a nold the incident actinic radiation can be
di ffused, WD 2005/025843 PCT/ EP2004/ 010135 10 scattered and/or reflected,
that any mask has a finite thickness |eading to sone diffusion of incident
actinic radivabiouzi2®isgl that the incident actinic radiati orcmmesobiecatt ered
when it passes through the fluid conposition because of the presence of
inpurities and the |ike. The diffused, scattered and/or reflected incident
actinic radiation can cause sone crosdPinki ng/ pol yneri zati on of the

| ens-formng material to occur outside of and immedi ately around the

peri pheral boundary of the spatial limtation. It is discovered that energy
exposur e sc@feradpngprapfieted, i enymesk basa firitecbigkness leadinotth sorms difusioros!
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reflected 1nci ent actinic radration l'ens-formng material outside
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a surface and neasured term of energy/area (joules/cn A fluid

conposi t |C&$S@W%9'M'@3rﬁé@d‘s°ftﬂéﬁ lgas Qﬁﬁ‘}r@d?@ér‘%' &P eCoHT AtRiEP 029@1& igynedigedre to

cause a a'?él.frfd'tﬁéﬁéﬁph@fa‘l’%uddal‘vdfgh@é’tiynﬁlrlmﬂ@hdrfmr' zing of the lens-formng
material to formgel. is 'believed that only a small fraction of incident

actinic radiation can be di ffused, scattered and/or reflected by the nask,
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fluid ccﬂ‘rﬁt?é?'ﬂk@ﬁl an ép?ﬂwe%?éngalﬁ?‘ésef’d’yrﬂ'fﬂisﬁ‘i’ zséa??{%d é'ir’@er e h oI or
pol yrer i Zictigc eddidtioe, df emslend-@rminggnarelig buslde@ibhd hemediatapdrourarké at el y ar ound

t he peri pheral undar f the tial _ limtation_ Ene exposure uld

e P Ak HORAaL by 0L oh e TRBN R, eodrblLidbin el EURE A SSRGS O
be feasi tﬂfenagyemﬁhgefs‘uﬁeté e rinaasnr@d odered oMeg;ymaremmmﬁfcmzl) tAhaig been

di scovered tha.%I t he " esen E gg g avenger in tfl uid conposition
for makifgPCOHT e nefall Dgacs utﬁg)e su 1889 ? & DAL e SPOSP iU 4di at i on can
reduce sudoficent crasdlipking had/cwmﬂmerrzmmgtmdmaaiorrpmgmriaitorfgrm geluéd by

di ff used’beﬁ&\%rdttﬁét%qla/fa elrf(r)%cﬁ F]&geﬂtgg rﬁceﬁrdlat@%%rn} diff daééa?tgfec? f the

fluid conposition o aroun ation Of actinic
radi at i orgndén reﬂeatedtbhé\aqmaw,mpld)partsmdéhlgéuld sommﬂlt@meay strictlyi lgnitieg freved t hat

the radical, ng g@&ﬂ@?f inBG&R §Bhnid Fédf"atifm’\w'b Pgwﬁ’rgﬁ}?%h%duﬂf‘fop ?1@ tﬁé’fhﬁ nsune a

certain per . ge ol energy exp_o.sqre he onset of “cross |nk| ng
and/ or pcﬂommﬁlil@n i, 199¢ ofaytbieeablectagninionize the cragslinkinglandenpelymedeingof théerfd ui d

conposi ti tdhar SRS &Pa afi %G%EE'FQ GREIHE Yo ASRAAWoBNdRy Bf the Shh¥all NCI dent
actinic rg@? cﬂ:h%n lgs nmuc srrr]almer t han tO he %genta eoo? ég%nsuneg e?le rgy
exposur e fimiation. Energy exposure would then have to be regu!ated Wl'(hln a narrow range. But,

such measure may not be feasible or cost effective in a production environment.

It has been discovered that the presence of the radical scavenger in a fluid compositior for
making contact lenses under spatial limitation of actinic radiation can reduce substantially
the crosslinking and/or polymerizing, caused by diffused, scattered and/or reflected incident
actinic radiation, of the fluid composition outside of and around the spatial limitation of actinic
radiation, so that the quality of the edge is improved. It is believed that the radical scavenger
present in a fluid composition needs to consume a certain percentage of energy exposure
before the onset of crosslinking and/or polymerizing of the lens forming material contained in
the fluid composition. The percentage of consumed energy exposure to directly incident
actinic radiation is much smaller than the percentage of consumed energy exposure to
diffused, scattered and/or reflected incident actinic radiation. By adding a radical scave nger
in a fluid composition for making contact lenses under spatial limitation of actinic radiation,



di ffused, scattered and/or reflected incident actinic radiation. By adding a
radi cal scavenger in a fluid conposition for making contact | enses under
spatial limtation of actinic radiation, W 2005/ 025813 PCT/ EP2004/ 010135

t he production can be much nore robust and the range of tolerable energy
exposure ca¥ ¥4t antial Iy broadened. In accordance KAHHEHY BiEsent
invention, the effective anmount of a radical scavenger to be added in a
fluid conposition is characterized by-tihe ratio of the induction tine to the
initial cure tine. Initial cure time is defined as a tinme required for
curing a fluid conposition (wthout radical scavenger to be added) bef ore
addi ng tje gic?o%'cﬁ&{ cahd5t! @U&‘?&ore@dﬁ%t Tahdrﬁle rBSRESI4Se @Ble dnBlSY e)?p{ds@re

intensity actinic radration an e concentration of Tadical _initiator
in a flusupsteoliplydireadsned-pref erably, a radical scavenger is present in an
anount sufficient to have an induction time which is at |east equal to

i nduction time due to oxygen presence in a fluid conp05|t|on {gen is a
radi cal ©@godgRee With e PieseRdnysnipn.doe pfestenaraoytt obg jasksalissayeriger
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tenperahumgprﬁdgﬂmu@@mpﬁgmywadlcaI scavenger in the fluid conposition can
provi de an increased induction tinme. Preferably, 50% or |ess of a total
induction time is caused by oxygen and the rest is caused by the scavenger.

Var: at i o;n?etmablgbw@emamaamyer Bipresent ihanhamouhesuffickss td lﬁacamnmnﬁﬁdnﬁm@lge

t t t . t t
By 1 nct e4aPhG e EREL R PR UEF S R RuT Pecdhe AR I IRne drpostier. "o O™
conposi t Oryyendne radical scavengerzBuetodss limitdd prggenok phexyigen irgadluid denpasitienf or mi ng
mat eri al fop%t f(fng%ogtacta}g&es gél‘%a‘%‘l ot b8'ef rgge Hmrgir?gﬁirzfngr}?er Slosgﬁd@n r¥d/c§)rf the

spati al OF AP 8n s  moni m OVer 4 "W
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induction time is caused by oxygen and the rest is caused by the scavenger. Variation in
oxygen concentration thereby has less impacts on the edge quality of contact lenses
produced according to a method of the invention.

By increasing the concentration of a radical scavenger in a fluid composition, one can
minimize crosslinking/polymerizing of the lens forming material outside of and immediately
around the peripheral boundary of the spatial limitation is minimized over a widen range of
energy exposure, leading to a more robust process for producing contact lenses. However,
if the concentration of a radical scavenger in a fluid composition is too hig h, it may affect
adversely the efficiency of lens production, production cost associated with energy
consumption, and/or optical and mechanical properties of produced contact lenses. In
accordance with the present invention, the amount of a radical scavenger in a fluid
composition is to provide an induction time which is from 5% to 50%, pref erably from 5% to
25%, more preferably from 6% to 15%, of initial cure time. It is found that with such amount
of a radical scavenger present in a fluid composition, the radical scavenger can have



25% nore preferably from6%to 15% of initial cure tinme. It is found that
with such amount of a radical scavenger present in a fluid conposition, the
radi cal scavenger can have WO 2005/ 025843 PCT/ EP2004/ 010135 12 m ni nal
adverse effagb@m2isie optical and mechani cal properties pf/eEPbahbizkenses
produced fromthe fluid conposition. In accordance with the present

i nvention, any radical scavenger can be used as long as it can be dissolved
ina fluid conmposition to be used. ExaH%Tes of radical scavengers incl ude,
but are not limted to, N-oxyl or nitroxide conmpounds, quinone nethides,
nitroso conmpounds, phenothi azi ne, phenols, and naturally-occurring

ant i oxi deniimélrasiyersadiffeets os theveiigalrand npchapta prapertiegtof centagt leapses prodnged
antioxid pscavengers include without limtation vitamn C
(ascorblﬁ&gé$%§&d%&qgﬁﬁﬁ)E (tocopherols and tocotrienols, in particular the
correspondi ng y-honol ogs) and citric acid. Preferably, the radi cal scavenger
IS TENPqn(é!:coJa\éﬁé@wh %e%réseﬁt .ntl&h.eﬁra#%%.cdu s@é@ﬁéér@aﬂ%b%é@ ad IoRE ak §fli cal )
(CASH 2226-96-2). preferab e radi cal Scavenger is a

nat ur al | 9afb*é%é'ﬁ$9"fﬁj’ 'ﬁﬁtﬂ“tﬁ%@mﬁ't'% focher usar cRfamplen/al idieal scavangars clisits e wi t h

the pr es@[ﬁltaré HMﬁﬁrﬁr!e@% r@ofqh G ﬁltr@m@@mﬁduﬁas Ig®indn® RletHidie@NniftbscPedniibirid’r m ng
material in presence of a radical scavenger or a solvent-free I|qU| d or

nelt of ahqr@ﬁ‘gazwqmpﬁfm%s e BrUEIY-ORCYIIRG Hiiesdanidregiragicy seavengerscavenger. A

l'ens-for Ewﬁma@bﬂﬁdt@lau;pa&uhﬁ.g@wox.mt REé-Aldfcak SNEndePs Acitle Wit %kaﬁéw For
exarrpl e, a lens-formng material can conprise one or nore prepol yners,

opti onal V{pHRE @FC%PQC‘%NG?}@P’SE HRRAPBProtfeRdRERIEe RIS NGRS IUIRAINSy £ ur ¢ her
i ncl ude M@rdsguﬁd[ﬁg)vqneﬁ@rabg anﬁat&zhc acad m}@ﬁembw tHeatgital s¢hdnged i TEMPO 4Ng

agent, ers, and i ke. ha

sili conel‘dﬁ’fya? f° 't?}Fa@ﬁf‘éhVﬁﬂ%enaV’y'Bﬁﬁl fr§? |f?%@:'}égﬁ§%%%g@%‘§§g @Wér s can be
used in plerpigspatadiday saaverier isha salnatly-occueifngaantiensart Gesradran®déehgbr.can be
prepared by dissolving the lens-formng nmaterial in any suitable solvent
known to a person skilled in the art. Exanples of suitable solvents are

wat er , alrmdcoddanceswnﬂntr@spré.‘sbnﬁﬁvaitnba,rmﬂlmd cdrmnosﬁboanq)da eolemdmauiellermfonﬁH@anol ,
and furthe suc h | f qr pa di pol ar
aprotic SaIaNG e BERe S Rl fVebER s 2 BRI el Bl e

ket ones, fdrmingenaatdl é the ¢t eseecaoof a:r;adlcalmxm\gae/\ Iezhwmrmmgrrm«sra} cédrowe exgqnpl e

ol uene, thﬁrs ”OB"RQ g)é% &roalk £ ﬁﬁ-ﬁ;ﬂ?’éh or oet tha%rgﬁ%qeﬁom@ﬁggﬁnur es of

hal ogenafne rocar b or exarrp rn'c
sui t abl eor monamam@ymer@r océwaarhvloeem Rote menahengandior miactomers aridoaphtiohallyf or

exanpl e Rurhe iﬁﬁl{ﬁé O%Q)Qlls cQﬁwp{%ents, such as photoinitiator, visibility tinting agent, fillers, and
the like.

It should be understood that any silicone-containing prepolymers or any silicone-free
prepolymers can be used in the present invention.

A solution of a lens-forming material can be prepared by dissolving the lens-forming material
in any suitable solvent known to a person skilled in the art. Examples of suitable solvents are
water, alcohols, such as C;-Cs-alkanols, for example ethanol or methanel, and furthermo re
carboxylic acid amides, such as dimethylformamide, dipolar aprotic solvents, such as
dimethy! sulfoxide or methyl ethyl ketone, ketones, for example acetone or cyclohexanone,
hydrocarbons, for example toluene, ethers, for example THF, dimethoxyethane or dioxane,
and halogenated hydrocarbons, for example trichloroethane, and also mixtures of suitabl e
solvents, for example mixtures of water with an alcohol, for example a water/ethanol or a
water/methanol mixture.



wat er / met hanol m xture. WD 2005/ 025813 PCT/ EP2004/ 010135 -13 A preferred
group of lens-formng materials are prepolyners which are water-sol ubf a
and/or neltable. It would be advantageous that a |l ens-form ng nateri al

conprises prj e or nore prepol yners which are pry

substanti al I“{/gg rg%ﬁ rm(e.g., purified by wultrafiltrati %Eﬁr?gﬁ@)ﬁé}dégore
after crosslinking/polynerizing by actinic radiation, a contact lens may
require practically no nore subsequent 1purification, such as conplicated

extraction of unpolynerized constituents. Furthernore,
crosslinking/ polynerizing may take place solvent- free or in agueous

sol utiony, &e}rg@r@g;}g%ﬁ%ﬁmg ﬁQtleV Qtaréelﬁ'ﬁ i s Whlcwh?e - ahiler §rf

not neces er re IS a water-so
crossl i nmﬁa@e déWW'@lbﬁﬁdV@t%ﬂﬂﬁ’é!SE hat pﬂeé]ééow matﬁﬁaléompéWrrmeyﬂy@ne or
vat er - SOHébé sre%rg.s,%té wﬂﬁalpér% d?&labé()}{/'lﬁ‘wsu@ét&ﬁla@ Qur@fcﬁlﬁﬂé)ﬁo”?ﬁunhe% %)a 163 and

pol yhydr oxyl npound is describ

6, 303, 68vltraﬂ'érat'%aswrwﬁ{eeemraqroaﬁbriwpqwmwmg@aépt%@atat@wowaﬁct\,lwch

Conpr i Segmalredif-pradtialBdid mbadsedse @nﬂﬂlﬂﬁé&ﬁﬂﬁ’%ﬁc@ﬁs B&fﬁﬁﬂééﬁéh QLS b1 the
pol y(vi nyl alcohol), of units of t formula I, | and Il and 111, or |

and || aH@Pqlymerigsdigonstignes, alfthq@ofe/' mshnﬁng{polp@erm@g F‘?y takpplace) sqbgen | o
Il SI R #Bd oHA dddeod£atitich, sofBat\a dubsedilient solvent exchange or the hydration step is

not necessary.

One example of a preferred prepolymer is a water-soluble crosslinkable poly(vinyl alcohol)
prepolymer. More preferably, a water-soluble crosslinkable poly(vinyl alcohol) prepo lymer is
a polyhydroxyl compound which is described in U.S. Pat. Nos. 5,583,163 and 6,303,687 and
has a molecular weight of at least about 2000 and which comprises from 0.5 to 80%, based
on the number of hydroxy! groups in the poly(vinyl alcohol), of units of the formula |, | and Il,
land lll, or l and Hl and 1lI

Hy Ha
C C

T ol

(o] lo} I
R—R,
Hy Hy



R-N-R8 WO 2005/ 025843 PCT/ EP2004/ 010135 -14 In formula I, 1l and Il1l, the
nol ecul ar weight refers to a wei ght average nol ecul ar wei ght, My,
determ ned by gel perneation chromatography. In formula I, Il and Ill, R3is

hydrogen, a,Gl 7 RLkYl group or a cycloal kyl group. In beqEsb@sbiodsl and
11, Ris alkyl'ene having up to 12 carbon atons, preferably up to 8 carbon

atons, and can be linear or branched. Suitable exanples include octyl ene,
hexyl ene, pentyl ene, butylene, propytéhe, ethylene, nethylene, 2-propylene,
2-butylene and 3- pentylene. Al kylene R preferably has up to 7, particularly
preferably up to 4 carbon atons. Methyl ene and butylene are particularly

pref erregh fokfulkal &y INUiha rholedalar Weighy @fd1g &a Akighl dlgtagearblBeliaiineRhE dMeN, I N
parti cul ar lrjrﬁinte%Q;our, carbon atons. Mst preferably, R is hydrogen. In

the for miFg P& ReAMBRIONiChIPRe9/aR s at ur at ed, el ect r on-wi t hdr awi ng,

crosslinkable radical, preferably having up to 25 carbon atons. In one
enbodi nent

R2 is, an, ol efinicall nsaturated acyl radical of the formula
R4- CO-, i“?nf"\?m}"éﬁ’s'laﬁf‘q @’ gﬁ's&yg@%'%{@a#r@? I 24P &f 8§¥°'°a?€y$§9uphkabl e radi cal
having 2 to 24 carbon atons, preferably having 2 to 8 carbon atons,
particul ar ref erablyshavi 0 4 rhan h efinicall
Cnsat ur adbiemBpdJCr RN et e el Aot B, PR hBaEbarton
pr ef er ablayonad, lkedgdn balneaag o2branch2d. Satablerexamples jnciude patylaneuhexylestdcenyl havi ng
2 to 8 carho t rticul ar pr rably havi 0 4 carbon
atons. - opraRnRien Bl RS <l BB e A oS Lo sl 50 e
oct enyl o@entgiedeckydne HEpredergibly hasiuRtopt, ppainylariyaprefergniyefie tar €chrbeio didras. t he
-CO R4 gr, i I j f ic acid or methacrylic acid. In
anot her éprﬁo%@é%n%eahtgiuﬁ%erag%ﬁ%@ﬁhﬁ% p|r‘ss]fgfalré’{é#'adi cal of the fornmula IV,
preferably of the formula V -CONH(R5-NH-CO-Oq -R6 -OCOR4 (1V)

-[ CO- NH- MR Oris = if ks Q0B GR o Rrtiand [ ntly of
one anot ﬁl@?%e z@rq(‘)lsoiﬁg(r)or%%%%%géwa?%p%s, ?'ndgfp)reln ernt g(/)fg ’(F)L%g%glnot her,
are al kylatams. Mogi prgfepalilyy R ighydasnat ons, aryl ene having 6 to 12 carbon
atons, a saturated bival ent cycloaliphatic group having 6 to 10 carbon

atons, WO 2005/025843 PCT/ EP2004/ 010135 -15 )
in the formula I, R; is an olefinically unsaturated, electron-withdrawing, crosslinkabble radical,

preferably having up to 25 carbon atoms. In one embodiment, R; is an olefinically
unsaturated acyl! radical of the formula R,-CO-, in which Ry is an olefinically unsaturated,
crosslinkable radical having 2 to 24 carbon atoms, preferably having 2 to 8 carbory atoms,
particularly preferably having 2 to 4 carbon atoms.

The olefinically unsaturated, crosslinkable radical R, having 2 to 24 carbon atoms is
preferably alkenyl having 2 to 24 carbon atoms, in particular alkenyl having 2 to 8 carbon
atoms, particularly preferably alkenyl having 2 to 4 carbon atoms, for example ethenyl, 2-
propenyl, 3-propenyl, 2-butenyl, hexenyl, octenyl or dodecenyl. Ethenyl and 2-propenyl are
preferred, so that the -CO-R, group is the acyl radical of acrylic acid or methaéryhc acid.

In another embodiment, the radical R; is a radical of the formula IV, preferably of the formula
v

-CO-NH-(Rs-NH-CO-0), -Rg -O-CO-R;4 (V)

-[CO-NH-(Rs-NH-CO-0), -Rs —0],-CO-R, (V)
in which p and q, independently of one another, are zero or one, and Rg and R,
independently of one another, are alkylene having 2 to 8 carbon atoms, arylene: having 6 to

12 carbon atoms, a saturated bivalent cycloaliphatic group having 6 to 10 carbon atoms,



aryl eneal kyl ene or al kyl enearyl ene having 7 to 14 carbon atons or
aryl eneal kyl enearyl ene having 13 to 16 carbon atons, and in which R4 is as
defined above. Al kylene R5 or R6 preferably has 2 to 6 carbon atons and is,

in particul Sui tabl e exanpl es include propyl tyl ene,
hexyl ene, ﬁ%?@/ﬁ&ﬂhw ene and, particularly preferabl y?’%ilﬁ%’%éﬁé‘” Aryl ene

R5 or R6 is preferably phenylene, which is unsubstituted or substituted by
Cl-Cr-al kyl or Cl-Cr-al koxy, in partitutar 1,3-phenylene or 1,4-phenylene
or nethyl-1, 4-phenyl ene. A saturated bival ent cycloaliphatic group R5 or R6
is preferably cycl ohexyl ene or cycl ohexyl ene(Cl-C7-al kyl ene), for exanple

cycl oheX% yf%’ﬁ@g'ﬁ)t/lgﬂ o%en‘é’@fﬁéﬁe'hﬁvnH&? lt'cpﬂ bér%ﬁgtorr%ror%Hﬁb?\%hﬁ(%iéﬁgerﬁén%ne or

nore net rou exanpl e trifethyl cycl ohexyl enenet hyl ene

exanpl e h%éngaﬁ@l @ﬁar‘i’%’bﬁiﬁ@ﬁoﬁf@ in whick &k s agdefined pRQYE- unit of al kyl enearyl ene
or aryleneal kylene R5 or R6 is preferably phenyl ene, unsubstituted or
substituted by Cl-C7-al kyl or Cl-C7-al kox and the al kyl ene unjt thereof IS
prefer abf\kb‘y'@ﬂe &7 obﬁkgqegeﬁ@bly E%ﬁz%toa‘éc"i‘f%?%?tf’é‘ﬁé‘“eﬂs &W"é’ﬁé linegr. syitabley) ar

net hyl engxarhféd maluge pfdpyleke, BatyRinel lhéx?lehy REméth@ethhiene bed, @anicakay abl y
phenyl eng@ngrhg/l ene or mnet hyI enephenyl ene. Aryl eneal kyl enearyl ene R5 or R6

is prefe rlalene(Cl C7- al kyl ene) phenyl ene having up to 4 carbon
atons in the aI kyl ene unit, for exanple phenyl eneet hyl enephenyl ene The

radi cal s are preferabl i ndependent aof o of he Iene
e B PSR Bboe IR oo

C1- C7- al kyC,-Ce¥ikboh expdrduear ars- ptﬂéﬁ?lleﬁélexyh@hexﬁ@ne@?ﬂ@étﬁrgyhQﬂﬂ‘)enylbﬂ@ubst i t ut ed
or substituted by Cl-C7-al kyl, phenyl ene(Cl-C7- al kyl ene),

(C1-C, - al kyl ene) phenyl ene or phenyl ene(Cl- C7-al kyl ene) phenyl ene. In the
fornmul a Alsaturated Sivaleptrdymwphas«egmnplmsyr B¢ istpesfetably\cyelohaxglege oup or a

quat er nag r h for el ich. each R
i ndepende% ex¥)€net %é ?lllf né %r n@ié%%h&%l&ﬁeﬁ&hﬁ%ﬂ@h&@rs résgli)sct'gwegnd Xis
a count epi m,stlti.ltﬂd by caelr mdﬂsmth,yl @rpu;ﬁ ior eBamplelttimet@yidycofexylene@idthyl Bie, or

H2PG, . V\Q&Q&ﬁé@%@é@algmgﬁﬁéggél% -16 The radicals R7 are, in

parti cul ar al kyl)am no, nono- or diphenyl am no,
(C, -C7-al kyl )phenyl amno or tertiary amno incorporated into a heterocyclic

r k&?bheny??é e%n't g&'@lk)é%r%  or a'?{(l%)kglene N6 R MR oretaXoCHRBAene,
unsubstltuted or substltuted y C1-C7-alkyl or C4-Cs-alkoxy, and the alkylene unit thereoT is
preferably C;-C;-alkylene, such as methylene or ethylene, in particular methylene. Radicals

Rs or R of this type are therefore preferably phenylenemethylene or methylenephenylene.

Arylenealkylenearylene Rs or Rg is preferably phenylene(C1-Cs-alkylene)phenylene havi ng up
to 4 carbon atoms in the alkylene unit, for example phenyleneethylenephenylene.

The radicals Rs and R are preferably, independently of one another, alkylene having 2 to 6
carbon atoms, phenylene, unsubstituted or substituted by C-C7-alkyl, cyclohexylene or
cyclohexylene(C+-C+-alkylene), unsubstituted or substituted by C4-C;-alkyl, phenylene(C4-C;-
alkylene), (C-C+-alkylene)phenylene or phenylene(C,-Cs-alkylene)phenylene.

In the formula Il, Ry is a primary, secondary or tertiary amino group or a quaternary amino
group of the formula N*(R’);X’, in which each R', independently of the others, is hydrogen or
a C, -G, alkyl radical and X is a counterion, for example HSO,, F’, CI', Br’, I', CH; COO",
OH’, BF, or H,PO,".



In the formula 111, R3 is the radical of a nonobasic, dibasic or tribasic,
saturated or unsaturated, aliphatic or aromatic organic acid or sulfonic
acid. Preferred radicals R3 are derived, for exanple, fromchloroacetic

aci d, succi Ry§qchskss0l utaric acid, adipic acid, pinmelic p@Egioosdi84 C acid,
fumaric acid, itaconic acid, citraconic acid, acrylic acid, nmethacrylic

acid, phthalic acid and trinellitic acid. A kyl has, in particular, up to 7
carbon atons, preferably up to 4 carboidfatons, and is, for exanple, nethyl,
ethyl, propyl, butyl or tert-butyl. A koxy has, in particular, up to 7
carbon atons, preferably up to 4 carbon atons, and is, for exanple,

met hoxy, Tekhasyals Ry aRpxpartizutadXamiod, aiot obdit>§r-alkif)eminoy moestorgr oup

- R5- NH CQ. IS prese i f i s, one and absent if i eraq., Pol i nyl

2l cohol ) SREGRYETRP sy haciPle, S e an e, reorPfered SaR dPiot e o ¢ oo
The bi valriegtfogexample BOLNHRH-REH NN CQ) O H CR8s) ON(CgHspr ed¢pbenyf), p i s one and
absent if pis =zero. Peky(vinyl alcohol)s containing crosslinkable groups
in which is zero ar—e'(»prgferred. In the poly(vinyl alcohol)s conprising
units cor’?ﬁ%?ﬁ??%”l@r%ssl' kabl e groups in which p is one, the index g is
preferably zero. Particular preference is given to poly(vinyl alcohol)s

conpri sing, crosslinpkabl e grou jn which p.s.one, the index is zero and
R5 is CLI&Pefqmda E'n F'Sltﬁgfarqédpa?B#rWP%ﬁo%sFRﬁ'k@@?rtF@asi'Cssﬁtf“'@?%jr%bl y hydrogen
orN ?CZHS ng%éjg%keg, amﬂhamz gﬂgmggfi&gaﬁegtiawsagﬂgmﬁ ggiéreedAﬁadrcalemrga% ebI

-N -N ‘o.and -N . wat er - so e
crossl i niegBYes: g?é|e§%’0ﬁwﬁyf|r°”aF%‘8W8F‘}“°a?c°&joP&ﬁ‘?%b“ ?%a’tg arleReish Al acid, H&S‘?@C

pr ef er ablayid, dalel adiy tiroatiel act) ipaimitchoid) ictlacdras add, motyéie atiarmewagilic afid, at | east
about 200 ha.d whi ch .\/\DI 005/,025843 PCT/ EP2004/ 010135 -17 conprises from
0.5 to 80% aE?%‘f'%?'&%VSr/neij 5AFY to 50% nore preferably from1 to 25% even
nore preferably from2 to 15% based on the nunber of hydroxyl groups in the

pol yvi nyl ohol ). j t t 0 er.el i - Ci- al kyl ene
havi ng uré\ Iktyg'l'%' @aé%%cﬁl?%‘t ‘%prr% ,73‘3%”‘. gs}grﬁ%/dgrrogleaﬁvol}p @1@% %+§ % '%sforﬁydr ogen,
and R2 i sxampladinetay!, ety propul butyNdr tertiglyle p is zero, R4 is preferably C2 -
C8 al kenyl. Where p is one and g is zero, R6 is preferably C2 - C6 al kyl ene

and R4 is preferably C2 - C8 al kenyl. Wiere both p and q are one, R5 is
pr ef er ablAjkoxghas, ircparti¢ s emio, 7 pAieay ROMS, Prgfesaitsup tout eatbejy atoms, and is, for

C1- Cr7- al - SIHDS B _ hexyl ene- C1- C7- al kyl ene,
unsubst i {Wu%rgglebﬁk%%wc‘%ﬂwgﬂﬁr_ suggt%ﬁ%toggerg%%%},l ene- Cl- C7- al kyl ene,

Cl- C7- al kyl ene- phenyl ene, or phenyl ene- Cl- C7-al kyl ene- phenyl ene, R6 is
pr ef er abltwe GRratenfroup -Rs-NH-CO-0- is present if q is one and absent if g is zero. Poly(vinyl

alcohol)s containing crosslinkable groups in which q is zero are preferred.

The bivalent group -CO-NH-(Rs-NH-CO-0)q -Re-O- is present if p is one and absent if p is
zero. Poly(vinyl alcohol)s containing crosslinkable groups in which p is zero are preferred.

In the poly(vinyl alcohol)s comprising units containing crosslinkable groups in which p is one,
the index q is preferably zero. Particular preference is given to poly(vinyl alcohol)s
comprising crosslinkable groups in which p is one, the index q is zero and Rs is C4-C+-
alkylene.

In the formula N*(R’);X, R' is preferably hydrogen or C4 -C; alkyl, and X is halide, acetate or
phosphite, for example ~N*(C,Hs)sCHzCOO", -N*(C,Hs)sCl', and —N*(C,Hs)3H.PO,".

A water-soluble crosslinkable poly(vinyl alcohol) according to the invention is more preferably
a polyhydroxyl compound which has a molecular weight of at least about 2000 and which



al kylene, and R4 is preferably C2 - C8 al kenyl. Crosslinkable poly(vinyl

al cohol)s conprising units of the formulal, I and Il, I and IIl, or | and
Il and 11l can be prepared in a manner known per se. For exanple, U S. pat.
Nos. 5, 583, 303, 687 discl ose and teach how to Rt <
crossllnkabﬁg§ﬂ8%§%%§s conprising units of the formula I QC@ﬁﬁ%ﬁﬁ“P??°|
11, or I and Il and Il11. Another exanple of a preferred prepol yner
according to the invention is a water-g$otuble vinyl group-term nated
pol yur et hane which is obtained by reacting an i socyanate-capped

pol yurethane with an ethylenically unsaturated amne (primary or secondary
am ne) %omar.se%tfmﬁk B8it5 8bbay p;lm&snwr%qqo 5090 s BPéYerQW’QQMnIdto oEbe even

i socyanat e- capped pol yuret hane can be a copol ynerization oduct o
| east on@“%@PSﬁéﬁfRW é’ﬁé‘ ytoyt564: ba%‘b‘b’hﬁﬁé@#ﬁ‘béb?ft@ﬁmxwg?”é{ps in g&ﬂo'ﬁv‘wdr oxyl
g ro ]tgps b?&gh% of BAtof @rﬁt-eftoﬁﬁmomré% ths b\{\?r@myllé'ﬁé ﬁa\h@@@p/maebgﬁ fmﬁ@ duct
refera e isoc ate-ca ol yur et hane 0 ation produc
of (a) ol I'Se%i/éjfog(?ﬁé’réo{&yeﬂ”‘i&’ﬂrl P%Qeé angk 'Bﬁrﬁff Gl \C-l(éﬁt“#iér@)w 8B m (RL1
|_ Ol-H( iért())\/\hﬁrsﬁiréfelgz%w %1400? @lml.shyR:v\‘Lhere pdepengtend Isyzeed, Re (I;Bepr@ﬂegtﬁh{ clzgaw e? each
i near or branc - - yl ene, a n n, an i ndependen one
anot her, E‘%"@”%aﬁ‘ﬁg‘a'Srﬂﬁﬁf't:)"éarb?lyf4:< ' lf‘?f‘yg%hére\mg‘rpe?#q A& o0 b‘F Pr ?‘fﬁ%\?ﬁ/ is5
to 100, (dg)- Gitalkyeae! plosnglehe amhtbsmgnag@rrm (Sﬂ&lm-fsebht‘hnm;tcfwemawpor@ﬂ& sting

of (i) ranched a atlc o und o] rmul a

R12- ( Oy Pepie G aRHeR anr R R R PR R R {‘ma@v'ene

mul ti - valcsm7-anl@thneqiheayleh9§ ot shaxyleneumezr a#g(leﬁe pmﬁﬁ%ﬂeaﬁﬂdfarably Co—

PCT/ EP200 0101 p t her polyol, which is the pol yrreri zation
pr oduct 8+ yign %5W§J3A%P“*m?@¥§%rgkgﬁf qand a egcoI (iii) a polyester

pol yol, which is the polynerization product of a conpound of formula (2), a

di car boxéﬂh Ju%a'b%l %&(ﬁnﬂ%ﬁdoﬁ&& ooy Qﬁﬁ%ﬂﬁs &1 rdla. 1 a%ﬂql ibﬁ@ 11Bor I and

cycl oal i I"ec group consi sti
C5- C8- cyd:llacmaltlkamebe piepatediis asnansei knonedebye. ’Fosehe,fdmlmysgpaiunéss &EBAVHBBCch i s

nsubst I i LLtpted b
unsy yh%ﬁﬁ{?%%&?s“%’ﬁaé 3t B 8l S pref eV fkBRABHHIRE Corhiishidfiie b1t B¢ DY
radi cal sthemtfnldwdﬂgdﬂistmdﬂﬂle@flmdé‘ angdnld di saccharl de,

and

Another example of a preferred prepolymer according to the invention is a water-soluble
vinyl group-terminated polyurethane which is obtained by reacting an isocyanate-capped
polyurethane with an ethylenically unsaturated amine (primary or secondary amine) or an
ethylenically unsaturated monohydroxy compound. The isocyanate-capped bolyurethane can
be a copolymerization product of at least one polyalkylene glycol, a compound containing at
least 2 hydroxyl groups, and at least one compound with two or more isocyanate groups.
Preferably, the isocyanate-capped polyurethane is a copolymerization product of
(a) atleast one polyalkyiene glycol of formula
HO-(Rg-O)n-(R4p-O)m-(R+; -O)I-H (1)
wherein Rg, Ry, and Ry, independently of one other, are each linear or branched C,-
Cs-alkylene, and n, m and |, independently of one another, are each a number from 0 to 100,
wherein the sum of (n+m+l) is 5 to 100,
(b) atleast one branching agent selected from the group consisting of
(i) alinear or branched aliphatic polyhydroxy compound of formula
R12-(OH)x (@),
wherein Ry, is a linear or branched C;-C,g aliphatic multi-valent radical and x is a

number = 3,



(v) an aral kyl polyol having at |east three hydroxy Cl1-C4 al kyl radicals,
and (c) at least one di- or polyisocyanate of fornmula R13-(NCOvYy (3)
wherein R13 a linear or branched C3-C24 aliphatic polyisocyanate, the

radi cal of ayg3pesfead,sycl oaliphatic or aliphatic-cycloali $2604/010135
pol yi socyanate, or the radical of a C3-C24 aromatic or araliphatic

pol yi socyanate, and y is a nunber from2 to 6. The isocayanate-capped

pol yur et hane pol ymers according to theiBnaventi on may be produced by
followi ng a solventl ess process. For exanple, in a solventless process,
first one or nore polyal kylene glycols of formula (1) (conponent (a)) is

m xed with on@-r)rgg Eng tﬁgg,soa,{rmmg] is ARSI S APPSRt éf@éon%%na%?fdﬂrﬁﬁé”e I's

heat ed to and ting ‘tenperature or above. Then, | east
one di- &) avelaglg®byanate of formula (3) (conponent (c)) is added to t he

mel ted mxtur Gl 8 pBRkdechdif, wmchns%tdo%métwp%o&emd&m&uﬁ@espepﬁnﬁa (a),

conponent (b) and conpo desired stoichionetry. The tenperature
of the @} adigamerdiciasid %aﬂeljﬂ%t'vﬁéh%mftapﬁ@cﬂfﬁl%ﬂdand thoroughly stirred at

the nelting t ?W@E%lé&l?h&rc poRBP¥ete Rtk rdth Heldraly dondReiy of%'b -OEEfclH KERRPheri ¢
environment (for exa innitrogen or argon atnosphere). Reaction is

noni t or edvhigfis ﬁ@st!@i@@m 23 hydsaxt @J’pumﬁga&dw@l%le@ymtﬂéteg@alalkyi iadical, BRCs-
spectr OS%OJ%)récloéiﬂ{fE ﬂ{ R sUBdtituted 6y > %rhggﬁgye g%ﬂ?%ﬁhocmapfé@gﬁstﬁuteﬁ B?B‘?m‘é%‘i’

m Xt ur es tained I n accor hods known
Anot her gme@@ﬁ aléxyefaélpalemrmraepmsybﬁmged moud-gH slsadcharidess 5, 849 841.

Sui tabl e opt 6alen BkFHLAT GRSl RIEUIDRIALA ENe! MR iRy aR ves of a

pol yvi nyl alc | m ne or | ch contains from
0.5 to 80% bﬁée@I@ﬁﬂphedh@ﬁbdws@wawyﬁpb&vhmgroups in the pol yvi nyl al coho
or the nunber ofp WN@%) r amne groups in the polyeihyl enei mne or

pol yvi nyl am ne, respect vely, of units of the formul'a VI and VII: WD

2005/ 025843 P@hﬁemla@@/lmellcwrancmed d Cs-CagHphatidpolyRocyanpte Wne)radmlofam |3

NH- 11 - CeCHR cioRliphatic GhlipRafe-tycloaliphatic polyisocyanate, or the radical of a Cg-Ca

aromatic or araliphatic polyisocyanate, and y is a number from 2 to 6.

The isocayanate-capped polyurethane polymers according to the invention may be produced
by following a solventless process. For example, in a solventless process, first one or more
polyalkylene-glycols of formula (1) (component (a)) is mixed with one or more branching
agents (component (b)) and the mixture is heated to and maintained at a melting
"temperat-ure’"or above. Then, at least one di- or polyisocyanate of formula (3) (compone nt
(c)) is added to the melted mixture to make a melted reaction mixture comprising component
(a), component (b) and component (c) in a desired stoichiometry. The temperature of the
melted reaction mixture is continuously and thoroughly stirred at the melting temperature or
above and preferably under an inert atmospheric environment (for example, in nitrogen or
argon atmosphere). Reaction is monitored by, for example, monitoring the isocyanate p eak
in FT-IR spectroscopy. Components (a) - (c) are all known compounds or compound

mixtures, or may be obtained in accordance with methods known per se.

Another group of preferred prepolymers is disclosed in US 5,849,841. Suitable optical
materials disclosed therein include derivatives of a polyvinyl alcohol, polyethyleneimine or
polyvinylamine which contains from 0.5 to 80%, based on the number of hydroxyl group s in
the polyvinyl alcohol or the number of imine or amine groups in the polyethyleneimine or
polyvinylamine, respectively, of units of the formula VI and VIL:



CO RI-GR2Z R3 (M1) I NHCG1 CH2 Il wherein Rl and R2 are, independently
of one anot her, hydrogen, a Cl1-C8 al kyl group, an aryl group, or a

cycl ohexyl group, wherein these groups are unsubstitued or substituted; R3
is hydrogen or a Cl1-C8 al kyl group, preferably is nethyl; and R4 is an -0-
or -NH bri d¥e200582%ferably is -0-. Polyvinyl alcohols, pfYEREBHNBHES ni nes
and pol yvinylam nes suitable for the present invention have a nunber
average nol ecul ar wei ght between 2000 _ggd 1, 000, 000, preferably between
10, 000 and 300, 000, nore preferably between 10, 000 and 100, 000, and nost
preferably 10,000 and 50,000. A particularly suitable polynerizable optical
material is a water-sqluble derivative of a polyvinyl alcohol having
between 0.5 t o8g— erably between 1 and 25% nore preferably between
1.5 and 12% based on the nunber of hydroxyl groups in the polyvinyl

al cohol, of the fornﬂ#q;PPl that has nmethyl groups for RL and R2, hydrogen

for R3, -0- (i.e., an ¢gster link) for R4. Theviprepol yners of the fornulae VI
and Al can be produged,c-fop exgnple, by reacting an azal actone of the
formula VIIl, RL R3 N[c-R2 (VLII) H2C=CC C=0O wherein Rl, R2 and R3 are as

defi ned above with a p@Fkaﬁy =afteohol , pol yet hyl eneirni ne or

pol yvi nyl am ne at eIevatedltenperature bet ween about 55 Cand 75 C, in a
suitabl e organic solvent, %ptionally in the presence of a suitable

catal yst. Suitable solvents are those WD 2005/ 025843 PCT/ EP2004/ 010135 -20
whi ch di ssol ve hpgjy_ packbone and include aproctic polar solvents,
e.g. fornanldé_ dlnéth Ifornanlde hexanmet hyl phosphoric triam de, dinethyl
squOX|de pyridi ne, nig+eget hane, acetonitrile, nitrobenzene,

chl orobenzene, trichl oropethane and di oxane. ﬁU|tabIe catal yst include
tertiary am nes, e.gﬁ}—tTfefhyHﬁnine, and oréa otin salts, e.qg.

NH——C——C==CH,

wherein R' and R? are, independently of one another, hydrogen, a C;-Cg alkyl group, an aryl
group, or a cyclohexyl group, wherein these groups are unsubstitued or substitutéa; R%is
hydrogen or a C4-Cg alkyl group, preferably is methyl; and R*is an -O- or -NH- bridge,
preferably is -O-. Polyvinyl alcohols, polyethyleneimines and polyvinylamines suitable for the
present invention have a number average molecular weight between 2000 and 1,000,000,
preferably between 10,000 and 300,000, more preferably between 10,000 and 100,000, and
most preferably 10,000 and 50,000. A particularly suitable polymerizable optical material is
a water-soluble derivative of a polyvinyl alcohol having between 0.5 to 80%, preferably
between 1 and 25%, more preferably between 1.5 and 12%, based on the number of
hydroxyl groups in the polyvinyl alcohol, of the formula Il that has methyl groups for R' and
R?, hydrogen for R?, -O- (i.e., an ester link) for R*.

The prepolymers of the formulae VI and VIl can be produced, for example, by reacting an

azalactone of the formula VIII,

R‘I
R3 »
N——C——R (VIID)
— 4
HzC——c—c\
O‘—‘C=O

wherein R, R? and R® are as defined above, with a polyvinyl alcohol, polyethyleneimine or
polyvinylamine at elevated temperature, between about 55 °C and 75 °C, in a suitable

organic solvent, optionally in the presence of a suitable catalyst. Suitable solvents are those



di butyltin dilaurate. A further exanple of a preferred prepolynmer is a

wat er - sol ubl e crosslinkabl e pol yurea prepolyner as described in US Patent
No. 6,479,587. A preferred polyurea prepolymer generally has a formula
QCP-Q(4) i i %gis an organic radical that conpris pne
crossli nkablvgo\ggﬁru&ﬁ}%s carbon- carbon doubl e bond) and CP ?@C@EP@!’@Z’I%@%?
copol yner fragnent consisting of the segnents A, B and T, provided that a
segnent A or B is always followed by asgegnent T which is followed by a
segnent A or B in the copolyner fragnent CP and that the radical 0 in
formula (4) is bonded to a segnent A or B. In fornula (4) the segnent Ais
a bival ent . radical |.a,.. - RIAN- A, - NR14' - i i C 1S5 the

bi vl ont it ssore Ry TR Siochis bl soneli 8" o herhBe

al kyl ene dimettlyltoaihamidei mgxamethyiphosmhofd trimanidso dinagtioyisulinxitleepyaidinef R14 and R14

i ndepend I t her .ol S RATIA W‘Bt% Ltuted

C, - Coal ky Foﬁ%tﬁaltnﬁ ’ F ﬁeé&htg%émgk E?(ﬁéﬁé%ﬂﬁgb bgb%élf% Fﬁ@y te'?ér?ljegag]fj es h% copol yner
f r agnent ,Suitalyle shtalysbiacladediertiant amingsh g-d. driethgminenand erganainraalis .4) , t he
segnment T s Blavakent radical of formula HH -GNX-NC 11 (1 OO0 (5b)

i n whi ch@guﬁls“ acp%y%gfent al i phatic, cycloaliphatic,

al i phatic-cycloaliphatic, aromatic, araliphatic or aliphatic-heterocyclic
radi cal . A her dlhidda SEHRBBHmBr isS Aatb A ¢rBEslihRIbR!

- RI5N- B, -P{\IR, 5 égfé@ (lﬁ_n F;\Kﬂllggh gg@ﬁ%‘?r RI5 and RLb C|:ndse'pendeﬂglt "Yoof the ot her
has the oy agideesibadndS Petent Kab,479,587s Aprefieted eelyurag Pfﬂﬁag’l’f@!

cycl oal i pRat, 2l i phatiac- cycl oal i phatic, aromatic or araliphatic

hydr ocar E)b%n ragydtljca% that is interrupted by at | east one am ne group of
fornmul a WD 2005/ 025593—PEF+EPS004/ 010135 -1 16 -N- (6),

in which Q is an organic radical that comprises at least one crosslinkable group (carbon-
carbon double bond) and CP is a bivalent copolymer fragment consisting of the segments A,
B and T, provided that a segment A or B is always followed by a segment T which is followed
by a segment A or B in the copolymer fragment CP and that the radical Q in formula (4) is
bonded to a segment A or B.

In formula (4) the segment A is a bivalent radical of formula
RN Ay NR4" (5a)
in which A, is the bivalent radical of a polyalkylene glycol or is a linear or branched alkylene

radical having from 2 to 24 carbon atoms and each of Ry, and Ri,' independently of the other
is hydrogen or unsubstituted or substituted Ci-Csalky! or, in the case of the amino group that

terminates the copolymer fragment, may also be a direct, ring-forming bond.

In formula (4), the segment T is a bivalent radical of formula

H H
— G N—X—N—G—
0 0 (56b)
in which X is a bivalent aliphatic, cycloaliphatic, aliphatic-cycloaliphatic, aromatic, araliphatic

or aliphatic-heterocyclic radical.

In formula (4) the segment B is a radical of formula
RqsN B1 NR;s’ o (50)
in which each of Rys and R;s' independently of the other has the meanings given above for

Ris, B is a bivalent aliphatic, cycloaliphatic, aliphatic-cycloaliphatic, aromatic or araliphatic
hydrocarbon radical that is interrupted by at least one amine group of formula



in which R16 is hydrogen, a radical O nentioned above or a radical of
formula QCP' - (7), in which O is as defined above, and CP is a bival ent
copol ymer fragnent independently consisting of at |east two of the
above-nmentioned segnments A, B and T, provided that a segnent A or Bis

al ways fol | SEWOHPESsegnent T which is fol lowed by a se ﬁEH¥Q%H@V"§‘in t he
copol yner fragnent CP', that the radical Qin formula (7) is bonded to a
segnent A or B in each case and that ghe N atomin forrmula (6) is bonded to
a segnent T when R16 is a radical of formula (7). A crosslinkable pol yurea
prepol yner can be obtained by reacting an acryl oyl chloride or an isocyanate
gr oup- cont ai ni ng acry%gte or nethacrylate with a polynerization product of
NH2- term nat ed ponaI ¥l ene glycols and di- or polyisocyanates optionally
in the presence of a—+b#panlne Q her exenmp)ary preferred prepol yners

i ncl ude: cro ol yac rossl i tistical

copol yme'Péf"h P ﬁ%ygiogégaarre/a%i@ﬂﬁb ?a"%?&ﬁ%ﬂfe? rao&ﬁl @Ho 8disclosed in EP 0
655 470 and. US 5, 7T2-35fR'—e+o0ssl i nkabl e copol ymers of vinyl lectern, vinyl
acetate an

oh
e B SHIG Hara 6T Byt 5 B, BB A st
whi chI arcbndrsgq.j @fsaedaasnwﬁl%fﬂwe%b?bvé&fentrmmeﬂntsrﬁolwdmIpeaswdeglltprarbla ur et hane
prepol yners

8 315 408 | yal kyl
01 ool  caemenhBoh B ryple Biatedls SesndlTormds IRHERRy g BEPEA RN s
6, 221, 308e copulyrogrdeghienk 8B, éwapdieyraﬁrbgrll@rmnfmm@]d (7¢ eriwinded tnee sqomesral A/ oeBS
di scl d in PCT I d th
O erersof R AR A BRI kR 0n (O B0 e B2 PRI oo, Vi 2
mat er i al ratisalcd fiposed7pf primarily one or nore prepol yners and optr onal |y
addi tional vinylic nononers or acrylam de nononmers. Crosslinking or

polynerizing is preferably effected whilst solvent-free or essentially
sol vent - A ceeslokalglée pelytien prepoinTen can beobtsined by medacting aTheyioylepoligarer an s

preferab %é/cghﬁastg ggd{}a%oﬁ%mrﬁd é(%/q,rBféro‘? i HhdBryi 48 i ﬁé%&hﬁem@ﬁm@%&ls&‘%’ l-Py a

purrfrca , suc rafiltration. r ossl |n Ag or
pol yrer i tzimigatad polyalkylemaiglytaisk end @f@mmoamretﬁssvpﬁ@rajvirohhe@mﬂeacmmg 15 to
90% of opgpe nore prepolyners. WO 2005/ 025843 PCT/ EP2004/ 010135 -22 The
vinylic nononmer which may be additionally used for photo-crosslinking or
pol ynerizing in accordance with the invention may be hydrophilic,

hydr opho@ingr SfentPBity PReférrdl prepbigmers ifkiude: crosslinkable polyacrylamide, crossli nkable
statistical copélymers of vinyl lactam, MMA and a comonomer, which are disclosed in EP 0
655 470 and. US 5,712,356; crosslinkable copolymers of vinyl lactam, vinyl acetate and vinyl
alcohol, which are disclosed in EP 0 712 867 and US 5,665,840; polyether-polyester
copolymers with crosslinkable side chains which are disclosed in EP 0 932 635; branched
polyalkylene glycol-urethane prepolymers disclosed in EP 0 958 315 and US 6,165,408;
polyalkylene glycol-tetra(meth)acrylate prepolymers disclosed in EP 0 961 941 and U S
6,221,303; and crosslinkable polyallylamine gluconolactone prepolymers disclosed in PCT
patent application WO 2000/31150.

In accordance with a preferred embodiment of the invention, a crosslinkable and/or
polymerizable material is composed of primarily one or more prepolymers and optionally
additional vinylic monomers or acrylamide monomers. Crosslinking or polymerizing is
preferably effected whilst solvent-free or essentially solvent-free or directly from an aqueous
solution. The prepolymer is preferably in a substantially pure form, for example, as obtained
by a purification step, such as ultrafiltration. For example, crosslinking or polymerizing may
be undertaken from an aqueous solution containing 15 to 90% of one or more prepolymers.



hydr ophobi ¢ and a hydrophilic vinylic nmononer. Suitable vinylic nononers
i nclude especially those normally used for the manufacture of contact
| enses. A "hydrophilic vinylic nononer” refers to a nononer which as a

honmopol ymer ygRhEahbdsys Yi el ds a polyner that is water-sol Weep06055s absorb
at | east 10 percent by weight water. A "hydrophobic vinylic nonomer” refers

to a nononer whi.-ch as a honopol yner typically yields a polyner that is
insoluble in water and can absorb | es€2than 10 percent by weight water. It
is preferable to use a hydrophobic vinylic nmononer, or a mxture of a
hydrophobi c vinylic monomer with a hydrophilic vinylic nmonomer, whereby

this m xnthreefnrrywmhmeram(bmay béeddlmﬁfaﬁ;eﬁgedbur phRtgEosslihkig bypﬁlfhﬁé\r@mgC vi nyl

CONMDNONET.. hi s the nmechani of the resu ol yner
o Tt v e YRSy B GhteRE Pl e st £ BV o g
c_onv:a nti m@adophymhf ammbydrop'mlrty\hm)mc Fononver. Suitbte vioylic erdniomiead inbiydls egpeiclallye
vinylic _nonone are
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carbon atons e | at es and - net hacryl ates or
cor r esporfal RGPS e%t |aﬁl {Ofyperr%)e&gh%/g{ggﬁﬁagéryl ates and nethacryl ates,
C3-C12- perfl uor aI kyl - et hyl -t hi ocar bonyl am noet hyI acryl ates and
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Vi nyl esters car oxy 05 carbon’ at ons
hydr ophi lof me\feﬁyﬂanbpmmxsbq impremgd Wlthpmthhmwater pantent dgapping substantially.

hydr oxy- W&amﬁtﬁqa@d%o@b 'saﬁy&cmo%eﬂfé ALV ERIABONA G S vingRy v! ani de,

nmet hacryl am de | am des and - nethacry des; et hoxyl at ed
acryl at e@%@d‘%’ﬁa@ﬂqé@ﬁwl%lfcé§op¢ixiﬂ¢f@%90ns‘ﬁlﬁsﬁhpPLﬁP@B’”@IS C7-al kyl - acryl am des
and - net hacryl am des, hydroxy-substituted Cl-Cr7-al kyl vinyl -et hers, sodi um
et hyl ene sul phonate, sodi um styrene sul phonate

2-acryl arﬁ”déb'QhM%’PHh)HbJCpY’Mﬁﬁ@ﬁ§WIeEﬁ16‘PW® WﬁE‘PLﬂ“mKﬁ"{ﬂ”n?I‘ Crep!faceylatrs anchy |

succi ni mMgehadNidesYd;-Oya iab@&ﬂﬁdes?and%eﬂra ﬂy@)ﬂnd&)’éér?‘lbﬁﬁﬂue asdttddrfonitdfel d,
met hacrylic acid, am no- (whéreby the term "am no so i ncl udes guat er nary

WO 2005/ 083B%43CpEHapp2es n@@fﬁ@nes 23 Corteinrligyes: firRe: Erlerlkvighigieani no- or
di - Cl- CinyRikgetangd fQuhidhlth6 atkyBrhéikly-Has M tb 8lc8®oAREbms, C,-Co-perfluoralkyl-

acrylates and -methacrylates or correspondingly partially fluorinated acrylates and
methacrylates, C;-C,2-perfluoralkyl-ethyl-thiocarbonylaminoethyl-acrylates and
-methacrylates, acryloxy and methacryloxy-alkylsiloxanes, N-vinylcarbazole, C4-C;z-

- alkylesters of maleic acid, fumaric acid, itaconic acid, mesaconic acid and the like.
Preference is given e.g. to Cy-Cg-alkylesters of vinylically unsaturated carboxylic acids with 3

"to 5 carbon atoms or vinylesters of carboxylic acids with up to 5 carbon atoms.

Suitable hydrophilic vinylic monomers include, without limitation, hydroxy-substituted C4-C;-
alkylacrylates and -methacrylates, acrylamide, methacrylamide, C4-C-alkyl-acrylamides and
-methacrylamides, ethoxylated acrylates and methacrylates, hydroxy-substituted C;-Cs-alkyl-
acrylamides and -methacrylamides, hydroxy-substituted C,-Cs-alkylvinyl-ethers, sodium
ethylene sulphonate, sodium styrene sulphonate, 2-acrylamido-2-methyi-propane-sulphonic
acid, N-vinyl pyrrole, N-vinyl succinimide, N-vinyl pyrrolidone, 2- or 4-vinyl pyridine, acrylic
acid, methacrylic acid, amino- (whereby the term “amino” also includes quaternary



nmet hacryl ates, ally) alcohol and the like. Preference is given e.g. to

hydr oxy-substituted C2-C, -alkyl(neth)acrylates, five- to seven-nenbered
N-vinyl-lactans, N, N-di-C, -C4-al kyl- nmethacrylam des and vinylically

unsat urated carboxylic acids with a total of 3 to 5 carbon atons. Preferred.
hydr ophobi cWa #¥9#25843ononers are net hyl net hacryl at e and PETARPROOLLEEHL e.
Preferred hydrophilic vinylic conononers are 2-hydroxyethyl nethacryl ate,
N-vinyl pyrrolidone and acryl am de. Tg facilitate the photocrosslinking
and/ or polynmerizing process, it is desifable to add a photoinitiator, which
can initiate radical crosslinking and/or polynerizing. Exenplary
photoinitators suitable for the present invention include benzoin nethyl

et her, 1aMmAMUERY BYEP-chekyiaitiamino-etic feCrTRINGRUIPe GnTa-aiNtrarYgiee @re( r)

phot oi ni hakkdchAatey, efi@arhyl,andes MeePrélsranddngl ge %y, RAsREbxpRubdRUtESt al  wei ght
of the pal yne rmul ation,

izable fo of a hotoi.nitiator |s ed. In
accor dan@é‘%a{‘wﬁgeﬁ‘?@@?ﬁeédw@h@@m’%'ﬁ’ﬁ”bgregﬁ\g‘t”l‘ﬂﬂaqtq’ﬁ?’t@i’(\ligéﬁ”g:ﬂa&%’{'i ni c
radi at i OfeticriditidesRad ViaylicalFnsatOtdtet cRboxgMEsd@s With 188 6EDt) 5 tarbed f ect ed by
masking for a nold that is at least partially inperneable to the particul ar
f or m of é‘F?é’?sgy used. The energy used for the «crosslinking is radiation
energy, especially UV radiation, ganma radi ation, electron radiation or

thermal radi atjon, the.radjation ener referably, being in e formof a
st ant PP BBl BUiG e R e A er By FaEh RS e b dee ooo
restri ct iPesfededihyinoghiiie virtyhe cor@arehereérel Shyaindxyetsigl ndthddigateninviny! | n
accordance vhigt h an thelgfnp eferred enbodi nent, a spatial limtation of

actinic PSR APTRANTRTY "spatial restriction of energy inpingenent) is
effected by a nold that is highly perneable, at |east at one side, to the

f i t i nkij th . '
crer 9y {90 SPHR SRS LTl DA NG hess THLEARO e A9,
exanpl e, photohitiettr,uvhichasdn ivitiate adicgd ptaselihking aadipupelymenmingl Bxenmplaogk passage
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light to nore precisely define the |ens shape. e case o ight, the
mask may Ppeleindietasisused. a thin chrome | ayer, which can be

In accordance with a preferred embodiment, a spatial limitation of actinic radiation (or the
spatial restriction of energy impingement) is effected by masking for a mold that is at least
partially impermeable to the particuiar form of energy used. The energy used for the
crosslinking is radiation energy, especially UV radiation, gamma radiation, electron radiation
or thermal radiation, the radiation energy preferably being in the form of a substantially
parallel beam in order on the one hand to achieve good restriction and on the other hand

efficient use of the energy.

In accordance with another preferred embodiment, a spatial limitation of actinic radiation (or
the spatial restriction of energy impingement) is effected by a mold that is highly permeable,
at least at one side, to the energy form causing the crosslinking and that has mold parts

being impermeable or of poor permeability to the energy.

As an illustrative example, a chromium mask can be applied to a quartz mold to block
passage of light through portions of the mold where crosslinking is not desired, the transition

between masked and unmasked portions of the mold defining an edge of the lens. A



produced according to processes as known, for exanple, in photo and W/
lithography. Other netals or netal oxides may al so be suitable mask
materials. The mask can also be coated wth a protective |ayer, for exanple

of silicon if.the material used for the nold or ;S
quartz. The%8)§{'<0q}§%g§3 not necessarily have to be fixed but Q%P&P% 1?13

exanpl e, be <constructed or arranged to be renovabl e or exchangeable. It
could, in principle, be provided anywhére at or on the nold as long as it
is able to fulfill the function for which it is intended, nanely the
screening of all areas of the nold carrying uncrosslinked material with the
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the rimof the contact lens to be produced IS connected ere to a
rel ati velrgstrcied taht aeae s suitaple fens\aiiapgereent oa@%@smgﬁ@am@&owﬂt exeinalous or

el se of 3$RAWENcreens or the like and taking into consideration the optical effect of the mold.

Fig. 1 schematically illustrates a mold 1 for the production of a contact lens from a fluid
composition according to a preferred embodiment of the invention. The mold 1 comprises a
female mold half 2 and a méle mold half 3, each of which has a curved molding surface 4 or
5 respectively. The two mold halves 2, 3 are configured to receive each other such that a
cavity 6 is formed between the two molding surfaces 4, 5. The mold cavity 6 in turn
determines the shape of the contact lens to be produced. The male mold half 3, illustrated
specifically in Fig. 2, has a convex molding surface 5, defining the posterior (concave)
surface (base curve) of the contact lens to be produced, while the female mold half 2,
illustrated in Fig. 3, is provided with a concave molding surface 4, which determines the

anterior (convex) surface of the contact lens to be produced.

in the exemplary embodiment illustrated in Fig. 1, the mold cavity 6 is not sealed off
completely and tightly, but is open circumferentially in the region of its circumferential edge,



shape. The annular gap .7 is bounded and fornmed by a nold wall 4a and 5a
respectively on the female and male nold halves 2, 3. However, within the
context of the invention, it is also conceivable to design the individual
nmol d halves 2. 3 In such a way that they touch each oth cent 1o the
nol d cavity 6j(QHﬂr?ﬁ% nold cavity 6 is thus tightly seal éﬁﬂ%%&?ﬁ5"3boundlng
wal I's of the two individual nold halves 2, 3. The two nold halves 2 and 3
consist of a material that is as transgarent as possible to the selected
energy form especially UV light, for exanple of a polypropylene that is
usually used for such purposes or another polyolefin Since the irradiation
W th UVI
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annul ar surrogndl ng .t he nol d_cavi ;t;é 6 is not crosslinked. For this

pur pose, ‘?LW@‘W%J'SP e o gdiviqvg! malddalygP @ hal f 3 i s advant ageously provi ded
inthe region of its nold wall 5a with a mask 8 that is non-transparent to

w | ight this mask extending as far as di rectléal ongsi de the nold cavity
6 and, wrhivoaolhhalvss 2@RdGreopsist f arpalprial fabisasd wpa@ﬁﬁ@r&ﬂ%'eﬂpa}ﬁ t he
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mask 8 nﬂ)y.rradmnpamrb@gﬂ 86 ferf@e andidtha chrom um | ayer which is produced, for
exanpl e, by a process such as is known, for exanple, in photolithography or
W lithography. The nmask material considered can, if desired, also be other

met al s OTl'héTEm:albatldBMf dﬁﬁeneT@eeffmﬁrkg lﬂiay:rc%bmrrlgeo W@ﬂi@tﬂ)m\dnbhnaie@ﬂ fogct i ve
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PCT/ EPZOMéQmQé@é matetial inaxemerd, cavity 6 fhaﬁh@dlh@@&lﬁdblﬁ ferrh Of &i%Rgyd eSEERIRIBY Y
desi gned F&Ba%lén % pﬁgdr t%(?in anéim only ?hel rlné(tgx\élsn? thg cavity 6 is crosslinked. In particular, the
material in the annular gap 7 surrounding the mold cavity 6 is not crosslinked. For this
purpose, the mold face 5 of the male mold half 3 is advantageously provided in the region of
its mold wall 5a with a mask 8 that is non-transparent to UV light, this mask extending as far
as directly alongside the mold cavity 6 and, with the exception of the latter, preferably
shielding from the irradiated energy all the remaining parts, cavities or surfaces of the mold
which are in contact or can come into contact with the uncrosslinked, possibly excess
material, which is liquid here. Thus, subareas of the rim of the lens are formed by physically
limiting the radiation or other forms of energy initiating the polymerization or crosslinking,

rather than by limiting the material by means of mold walls.

In the case of UV light, the mask 8 may, in particular, be a thin chromium layer which is
produced, for example, by a process such as is known, for example, in photolithography or
UV lithography. The mask material considered can, if desired, also be other metals or metal
oxides. The mask may also be covered with a protective layer, for example with silicon oxide.

The mask is advantageously arranged in a fixed position since this simplifies the automation.



the effect of limting the UV radiation onto the nold cavity 6. Furthernore,
optical guidance of the beam path outside the nold may be provided, in
order to achieve spatial limtation of the UV radiation. The shapi ng

surfaces 4, wo9shhgd emal e nold half 2 and of the mal e HeMalfoigizare each
enbedded in a nount 9,10, whose shape is advantageously sel ected such that

sinple handling, wthout additional adjustnent work, is nmade possible. To
this end, the nmounts 9, 10 have gui de268urfaces which are aligned towards an
optical axis 11 of the respective shaping surface 4, 5. In addition, they
al so have el enents which permt exact positioning of the two nold hal ves 2,
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and 3. The centering and gui dance of , when the nold
i s bei ngPel e&edin @oper@mwh bﬂ/ﬂetw@era@iteéqmmtpem't thsrr@fweéelrrmlq pdiusteeii ghest
possi bl e WpEeRGHSHBIIis Bbsddre nol d recesses and projections, so that overall
simple handling of the closing operation of the nold results fromthe

i nt erengagenent of nale and fenale nold halves. The male nold half 3

illustr aﬁﬁytrﬁ@%gélb@%rltue twWd bl -hakebB3 t9Be b&r&e@utuerelmhlm eé& otlhé} thne region
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a web 1la4meahiofHeinmosnisss. d9aes tfmwrzb?owwﬁom%cemwgéﬁewa qd shapi ng
surface 3rerMABH delfettbMPafi™ BnhBle/8al distadc@bEweb R &RAwo IMUIBhAMRR 24 defines

the central thickness of the contact lenses, which is typically around 0.1 mm. This distance
should expediently be maintained within the range of 0.005 mm. Tilting of the two mold
halves 2, 3 in relation to each other is to be reduced to a minimum. Given a diameter of the
shaping surfaces 4, 5 of about 14 mm, the tilt error in the axial direction should

advantageously be less than 5 um.

For this purpose, the mold halves 2, 3 illustrated in Figs. 2 and 3, have on their mount 9, 10
mold recesses, which can be inserted with a precise fit into corresponding, complementarily
designed projections on the respectively corresponding mold half 2, 3, and together fo rm the
guide surfaces of the two mold halves 2 and 3. The centering and guidance of the two mold
halves 2, 3 when the mold is being closed is provided by the outer contour, produced with
the highest possible precision, of the mold recesses and projections, so that overall sirnple
handling of the closing operation of the mold results from the interengagement of male and

female mold halves.

The male mold half 3 illustrated specifically in Fig. 2 has on its outer mount 10, in the region

of a dividing surface 12, a recess 13 which is of annular design and exposes a web 14 which



engages in an annul ar groove 15, which is produced so as to be an accurate
fit and annularly encloses the shaping surface 4 of the female nold half 2.
The highly precise production of web 14 and groove 15 with respect to their
front and owWy@hoosMids@rces, which serve as gui de surfaces,pqaarmvdipidibe
adjustnent-free centring of the two nold halves 2, 3 in relation to the
optical axis 11, and the defining of the axial distance between the two nol d
halves 2, 3. In order to define the axi?4” di stance between the two nol d

hal ves 2, 3, it is also possible to use a separate spacer ring, which is
preferably inserted into the groove 15. The dinensions of the guide
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text, is thbaio bR ARk, doshal19s 8GdE slMREs W MR BleskAbacadRt duRsPMR ®ishlgy. WO
29415/ 025843 PCT) EP2004/ 010135

Furthermore, it is expedient to design the mold recesses in such a way that rotation of the
two mold halves 2,3 in relation to each other is possible, since by this means the adhesive
forces which are caused by the adhesion of the contact lens to one of the two mold halves 2,
3 and which lie in the range from 60 N to 120 N can be overcome, and thus the forces during
the opening of the molds can be reduced. Overall, the damage to lenses during the
separation of the mold halves 2, 3 in order to remove the contact lens can be reduced

considerably by this means.

In particular, it is advantageous for at least the half of the mold that is irradiated with UV light
to consist of quartz. This material is distinguished not only by an especially good UV
transparency, but is in addition also very hard and resistant, so that molds produced from
this material can be reused very well. However, the precondition for this, as emerges still

further from the following text, is that the mold is closed either without force or incompletely,



-28 so that the nold hal ves are not damaged by contact. As an alternative to
quartz, it is also possible for UV-transparent special glasses or sapphire
to be used. It is further possible for UV-transparent plastics to be used.

Preferred plwyshigs3gdseri al can be any optically clear nmepefkpooddiaissi S
durabl e against wear, tenperature and el ectromagnetic energy, has good

surface finish quali t| es, and has good IR and UV transmttance. A
particularly preferred exarrpl e is Topd&(r) COC grade 8007-S10 (cl ear

anor phous copol yner of ethylene and norbornene) from Ti cona GrbH of
Frankfurt, Germany and Summt, New Jersey. Because of the reusability of the
nol d hal gethat thermbdldhalved yrehiogbama@éd&w avatacthAs anpﬁardem’eatb qubdz, it is@sof their
production in order tao obtain ds of ext h, preci si on

Pepr oduc it (L rBedRb e i s s R er PR oot et B OGRS o ¢ o on
of the | gngranepirent pastids toetok uéadePretfdfl&dqmshd; materiabenuse anymiptictiacelsar damage as
a result OLeﬁlaP ALAC L3 rq”' gt %gér teg?égl w§ aRd %gtrt?rg%ér%g 2herbys {??é '8‘];3&1 ﬁfe the

nol ds, particu
cont act lswfa&eémtsb qiuehtpsmww gobd IR hed Evmansrmttamphwaug:ukanppggfeomdone si de,

it is in e energy
b ve. SERIEIPYRaBOCl o S50, B ulablo e BRI AT
crossli nh@bbmena)tfm Alcooa Gumkb@r@ml@urt [Ferreafy. andfSumnial Nevadessag.ed, however,
potential reflections are to be expected, depending on the type of

energetic radiation, and these may possi ny | ead to undesired effects such
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a mol di ngpppdHubRB) of GRTBMIER lendds WHeGhoduted udes a nol di ng surface 32 defining
the anterior surface (convex surface) of a contact lens to be produced. The

nol di ng surface conponent 34 is preferably in a generally disc-shaped
button o taaaeént@mdpmﬁn@é@@gy eﬂl ohé itk mn@fanraabué pﬁ)sgﬁllé%r&hé Yh ol haR $&sient  or

transl ucent ria nost fer aé)H neric B for exanpl e,
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surface Wos2DRHI0 A8l BCEB/rTEBﬁ@ﬁls Hedddd LiBMetals are used, however, potential

reflections are to be expected, depending on the type of energetic radiation, and these may

possibly lead to undesired effects such as over exposure, edge distortion or the like.

Absorbent materials do not have these disadvantages.

It is possible to use other alternatives to replace quartz molds with chromium marks.
Examples of such alternative molds are molds described in US Patent Application Publ. No.
2004-0140578 A1 and in WO 2004/054772.

Figures 4 and 5 schematically show the female and male mold halves of a mold according to

a preferred embodiment of the invention.

Referring to Fig. 4, the female mold half 30 preferably comprises a molding surface
component 34 which includes a molding surface 32 defining the anterior surface (convex
surface) of a contact lens to be produced. The molding surface component 34 is preferably
in a generally disc-shaped button or panel and is prepared from preferably a generally
transparent or translucent material, most preferably a polymeric material, by, for example,

lathing, machining or other fabrication method. In one example, the molding surface



-29 conponent is prepared froma cyclic-olefin copolynmer (COC), such as the
general ly clear anorphous copol yner of ethyl ene and norbornene sold under
the tradenanme Topas , by Ticona GrbH of Frankfurt, Germany and Summit, New

Jersey. The wwhgdspgssgur f ace conponent 34 is optional ly mreuydrashsofnisne end
of a housing or sleeve 36, forned of a substantially rigid material such as

for exanple brass. A glass plate 38 is SEref erably nounted in the other end
of the sleeve 36, and secured in place*by an Oring 20 and an al uni num
retainer ring 22. The housing or sleeve 36 optionally conprises nmounting
features for installation within a nold housing or other external carrier.
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the nolding. The transm ssiy ort|0n4 is referablryfabrlcatedfroman
opti cal | 9 3§| r@t&q withihe ey Topa The UV-absorptive material preferably allows

infrared (IR) transmittance through the mold component, to facilitate IR illu mination for

inspection of the moldings through the mold.

The molding surface element 34 of the female mold half 30 is preferably machined from a
rod or extruded piece of Topas® COC impregnated with the UV-absorptive filler. The back
optics of the mold surface are preferably finished on a diamond turning center to optical
tolerances. The partially finished mold is preferably press-fit into the brass sleeve 36.
Referencing a surface on the upper surface of the brass sleeve 38, the front surface optics
are preferably finished on a diamond turning center. After the optics are finished, the quartz
window 38 is preferably installed on the bottom of the brass sleeve 36, along with the O-ring

20 and the window retainer 22.

Referring to Fig. 5. the male mold half 40 preferably comprises a transmissive portion 42,
which allows passage of UV light or other energy used to cure the polymer used to form the

molding. The transmissive portion 42 is preferably fabricated from an optically clear material
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tenperature and el ectronagneti c energy, has good surface finish qualities,
and has good IR and UV transmttance, such as for exanple Topas(r) COC
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8007-S10 Topas(r) COC mixed with a Uv-3Btocker, such as a carbon bl ack
filler, in about a 50:1 ratio. The masking portion 44 prevents transm ssion
of curing energy to the underlying polynmer within the nold cavity, to
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fabricate
the wavelength of the curing energy advantageously serves to align or collimate the light

passing through the transmissive portion 42 without the need for a separate lens or
collimator, reducing the potential spread of curing energy into masked portio ns of the mold
cavity, and providing more precise control of the molding edge. The combined transmissive
portion 42 and masking collar 44 provide a molding surface 46 defining the posterior surface
(concave surface) of a contact lens to be produced. The male mold half 40 optionally further
comprises a mounting sleeve or bushing 50, haVing a mounting bore formed in one end for
securely engaging the outer diameter of the masking collar 44. A glass plate 52 is
preferably retained in the bushing 50 by an O-ring 54 and a retaining ring 56, as shown. The
male mold sleeves 50 preferably have a tapered interior portion 58 that assists the curing
process.

The transmissive portion 42 is preferably fabricated from clear Topas® COC rod or extrusion
stock, and machined into a rough blank. A similar machining process is app lied to fabricate
the masking collar 44 from a Topas® COC molding or extrusion impregnated with a UV-

blocker. The masking collar blanks generally resemble a washer or a doughnut, with a
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the masking collar 44 froma Topas COC nol ding or extrusion inpregnated with
a UWV- Dbl ocker. The masking collar blanks generally resenble a washer or a
doughnut, with a WD 2005/ 025843 PCT/ EP2004/ 010135 - 31 center hole for
receiving the clear transm ssive portion. The back surfa s
transm ssi VOg8YRH342 is cut or machined, for exanple §Pﬁg”@D§PEﬁond

| athe or turning center, to optical tolerances. The transm ssive portion is
pressed into the center opening of thg masking collar. The mask 44 and
optics 42 are pressed into the brass sleeve 50. The outer mask 44
preferably rests on the sleeve 50 and hol ds the optics in place. The back

optical surfac ref er abl oes not. touch the_sl|l geye 50. t he sl eeve 50,
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a UV-absorptive material and the female mold companent comprises a UV-transmissive

portion and a UV-blocking masking portion. Likewise, mold profile geormetries other than

those depicted are within the scope of the invention.

In use, the mold components and mold system of the present invention enable an improved
method of forming a polymeric molding such as a contact lens or other polymeric item. A
first mold half 40 and a second mold half 30 are engaged to define a mold cavity between
their respective molding surfaces 46, 32. A fluid composition is deposited into the mold
cavity prior to closing the mold or through a fill channel. The fluid composition is cured from
the liquid state through the transmissive portion 42 using UV light or other curing energy,
indicated by direction arrow 70 in the example embodiment of Fig. 5. The masking portion
44 blocks the curing energy from causing the fluid composition in masked portions of the
mold cavity to cure, thereby more precisely defining the edge(s) of the final molding. The
UV-absorptive material prevents or reduces unwanted reflection in the mold chamber, and
the molding irregularities potentially caused thereby. After curing, the molding is optionally
inspected in the mold cavity to identify any defects. For example, the molding is illuminated
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nmold cavity to cure, thereby nore precisely defining the edge(s) of the
final nolding. The UV-absorptive material prevents or reduces unwanted
reflection in the nold chanber, and the nolding irregularities potentially
caused t her %?(XZO(@%E%%E curing, the nol di ng is optionally phs8ehRAthisN the
nol d cavity to 1dentify any defects. For exanple, the nmolding is illuninated
WO 2005/ 025843 PCT/ EP2004/ 010135 -32 by IR light, indicated by direction
arrow 72, through the nold half 30 and 32nspected using a charge-coupl ed
device (CCD) canera and software-inplenented inspection algorithns. The

nol ds are opened and the nol dings de-nol ded for further inspection,
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i nduction perro on-set o ross processes caused by
the pres em@ogmoarq@ge%wbsmaqiyﬁg@prps@u{gnng/aglymenzmg of the lens-forming material

4- hydr oxys 2side B Sidt b tRE Pl aPliReliiBh BEAARI Y Ation so that the quality of the edge

of the contact lens to be produced can be improved.

Preferred exampiles of prepolymers, radical scavenger, and the amounts of the radical

scavengers are those described above.

The previous disclosure will enable one having ordinary skill in the art to practice the
invention. In order to better enable the reader to understand specific embodiments and the

advantages thereof, reference to the following examples is suggested.

Example 1
Determination of the induction period, prior to the on-set of crosslinkimg processes caused by
the presence of a radical scavenger, such as 4-hydroxy-2,2,6,6-tetrarmethylpiperpiperindinyl-
oxy, free radical and determination of the incident energy required to actinically fully crosslink

a reactive and fluid macromolecular species upon consumption of the free radical



oxy, free radical and determ nation of the incident energy required to
actinically fully crosslink a reactive and fluid macronol ecul ar speci es
upon consunption of the free radical WO 2005/ 025843 PCT/ EP2004/ 010135 -33

scavenger, tpybREMs|contact lens are performed by phot opchagh@gdhsabs and
spectroscopi ¢ et hodol ogi es. Phot or heol ogy neasurenents are conducted on a
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the on-set of a
an increase in viscosity is a measure of the induction period.

Time resolved UV Spectroscopic measurements to monitor changes in the optical density of
the fluid macromonomer solution at 250 nm are recorded on a Cary 50 UV-vis
spectrophotometer. The UV source is a Hamamatsu UV lamp manufactured by
Hamamatsu K.K.. Light from the source is passed down a light guide and through a WG305
cut-off filter manufactured by Schott Glass, before being impinged on the sample contained
between two quartz microscope slides. The intensity of light that passes through this optical
arrangement is measured with a RM-12 radiometer manufactured by Dr. Groebel Electronic
GmbH and calibrated to the manufacture’s standard. Measurements are typically terminated
30 seconds after the cessation of a decrease in the absorption at 250 nm and full cure given
as the time required for cessation in absorption change. Th e delay in the on-set of a
decrease in absorption at 250 nm, upon illumination of actinic radiation is a measure of the
induction period.



decrease in absorption at 250 nm upon illum nation of actinic radiation is
a neasure of the induction period. WO 2005/025843 PCT/ EP2004/ 010135 -34
Exanple 2 Fluid conpositions (fornulations) conprising Nelfilcon A (a

wat er - sol ublyge 260s88&l3 nkabl e  pol yvi nyl al cohol from Cl BA péSi@0d40188% €r .
photoinitiator (Irgacure 2959; C ba Specialty Chemcals),

4- hydr oxy- 2, 2, 6, 6-t et ranet hyl pi per pi peri ndi nyl oxy, free radi cal (HO TEMPG,

Al drich Chem cal s) and Synperonic PE/ F388-(Unigem a) are prepared in
gquantities detailed in Table 1 below. Table 1 Forrmulation No. Nelfilcon A
Water Irgacure 2959 HO TEMPO Synperonic (W% (W% (W% (W% PE F38
(W% 1 30 69.46 0.03 0.00125 0.5 Zx3RpkeS 47 0.03 - 0.5 Lenses are
prepared as follows. 45-65 ng of a f|UId conposition (formulation 1 or 2) is
i nt r oduc &tid eeropasiiieng goimuyjationslecomwriging Netilcgn Mad water-solublet eraselimkable Fi gure 2
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shown in Frgure 1. I hge e nold arrangenent shown in
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source is directed down a light guide and through a W&05 cut-off filter
manuf act URBE 105e'&%hot t GI ass. The intensity of Iight that passes through
this optical arrangenent is neasurecdapjetfh @ RM 12 radi onet er nanuf act ured
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the contact |ens renoved, washed and autoclaved in 0.65 ml of Saline 80

(Novarti gh,id 40 pPégEre%Va%rfolﬁah%aﬁé @E'Fr@gdrf%‘g noaéon?ﬁésstﬁn tréuﬁ;\ qove The |ens

edge qual i ty IS I nspect ed ge over cure the total
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lmplnged on the mold arrangement shown in Figure 1. The light source is a UV-1Q400

manufactured by Dr. Groebel UV Electronic GmbH, fitted with a Phillip HPA-400/30S bulb.
Light from the source is directed down a light guide and through a WG305 cut-off filter
manufactured by Schott Glass. The intensity of light that passes through this optical
arrangement is measured with a RM-12 radiometer manufactured by Dr. Groebel Electronic
GmbH and calibrated to the manufactures’ standard. Th e irradiation dose is contralled by
using a fixed intensity of light and modulating the exposure time through the use of an

automated shutter arrangement. Energy values are quoted in mJ.

The mold is opened and the contact lens removed, washed and autoclaved in 0.65 ml of
Saline 80 (Novartis) in an air over steam autoclave at 121 °C for 45 minutes.

The lens edge quality is visually inspected for edge overcure (flash) over the total
circumference of the lens by an Optispec at a magnification of x 18. Edge overcure is

evaluated on a presence-absence basis and is detailed in Table 2.

Table 2
Formulation No. Induction Period Cure Energy Edge Overcure
(seconds) (mJ) x18 magnification
1 2.0 20 absent
2 0.5 17 present




Forrmul ati on No. Induction Period Cure Energy Edge Overcure (seconds) mJ x18
magni fication 1 2.0 20 absent 2 0.5 17 present WD 2005/ 025843

PCT/ EP2004/ 010135 -35 Effects of dosages of UV radi ation on the edge
quality of geaukaeskssd ens is also studied using the for pgratrh@ioldissed in
Table 1. Results are shown in Table 3. Table 3. Fornulation No. |nduction
Peri od Cure Energy Edge Overcure seconds mJ x18 ma nification 1 2.0 27
absent- 1 2.0 36 absent 2 0.5 27 pres&dt- 2 0.5 36 present Although various
enbodi ments of the invention have been described using specific terns,

devi ces, and nethods, such description is for illustrative purposes only.
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be understood t chan n riations e,ade by those skilled in
the art etfﬂg’ﬂﬁlalﬁ’éﬂﬁtre?i"ﬂgasql 6%‘?%’ %?Fh?w%%gep% of the present
invention, which is set forth in theTabld®w ng clains. In addition, it
shoul d be [uRdeuatcadd. t|haiduetiop@etos Of t BerevEarIigpuUS |enmboddygreDescurmy be
i nterchanged either in |whollsecads) i n part. (Mder ef orle, txh@magiificetionand |scope of
t he appendagd cl ailns _shquld n8t0 be lijnited 86 the |descri @bsem of the
preferred \ersiors contfai ned2ttherei n. WO 2665/ 025843 PCT/48P2®04/0 1 |0 1 35
-36- What i[s clai2ned ig9: 1. ASwethod for .péducing a conpesent ens,
conprising [the seps ofl: (1)O0d&btainiing a fB&i d conpositi @reseohpri sing a

| ens-form ng nmaterial and a radi cal scavenger, wherein the |ens-form ng
mat eri al ,i b

wnerel n HEo TRl SRRAART o ke BRHTE b o WeeBil U BLRE IO

anount sdéfit&si, rmi metblod&prsovln d@canthnnddo,rt iilgatrativerpurphsesionlys Toguwards msedraré ar ger
than t hat,ofRus Sl DXIAXUIRR uRRSH ilfafich. 110 b4 HhdbiSBEPAR biNgeaaflg Whi ch T

from5%to ,60
variations may be made by those skilled in the art without departing from the spirit or scope

of the present invention, which is set forth in the following claims. In addition, it should be
understood that aspects of the various e mbodiments may be interchanged either in whole or
in part. Therefore, the spirit and scope of the appended claims should not be limited to the

description of the preferred versions contained therein.



(2) introducing the fluid conposition into a cavity fornmed by a nold,
wherein the nold has a first nold half with a first nolding surface and a
second nold half with a second nolding surface, wherein said first and

second nol d ywghyRma@4£ configured to receive each other pmugtpbdiatorshe
cavity is fornmed between said first and second nol ding surfaces; and (3)

crosslinking and/or polynerizing the lens-formng material under a spati al
limtation of actinic radiation to for3ithe contact lens having a first
surface, an opposite second surface and an edge, wherein the first surface
is defined by the first nolding surface, the second surface is defined by

t he seconghdi dlain@dsdir face, and the edge is defined by the spati al
limtation of actinic irradiation, and wherein the radi cal scavenger present
in the fluid conposition reduces substantially the crosslinking and/or

pol ynmeri zi ng nafthddfer predscidga ob ngct 1end, ebhwahsnngjtr&isniamodf and around the spati al

limtati actinic radiation so.that th u

| r ovea N oDeES Rk saREp o fafRrcig ot To M Iklkrl and £ e FeeBrasi 506 t 0
25% of i miherert theueres-formmg ma&rlaTisecrnﬁhhmbla)éndZd)raJomnianzabieIbgilantlmdmacﬁatldnl,ct i on
time is from 6% % it & . e t l.ai,m 1,

wher ei n tv‘fli‘ re"};ltée rg?'&agcaveﬂaé}r's iPy esenK’-n T'J‘T‘gf”m sr't})-% 'Bg‘% an’ %Bgénuéﬁ 'ergt%w none
nmet hi de, pa)vrdetamsduabomrpma madhjchd s plyealdd lor krgen éhanahgivenséd bWoXy@em preGentint am n

E, citr 'tl%; f?Lﬁéi gOmSJstt%n%ﬂmhﬁﬁtlgwan‘é% tg‘r%% o§1nl ahgurggmod of claim 4, wherein

the radic scavenger co {7 OxI ‘conpound. 6. The
met hod of(2 dhteaducifg tlvmfdan@ccummdsmmadimtawm éwmng@y agoetpr wisargin the mold has a

4- hyd

20051 025875 B Bt GATEHBY sdrRL ARSI Yo e SRR SR ol ey i
the radi saifacse wheleesaidtrparidserovt mald hales aryicpafigured=o refeiyd eachdither or a
conbi nat isnky, EhQ?{hSQfawtﬁT fom@d BELMS Qid fFrEtaér{a‘ s%cor‘(@ﬁﬁ%!r@ %’?ﬁcé&e Q@ form ng

mat eri al conpri ses at east one ai m 8,

wher ei n ﬂ%@r@ﬁ%@m@mon@ly@eswcmgctgﬁéenédﬂmnmmﬁ&nﬁkwﬁryﬁ@atlaéhm&atlon of

si | coneykyi rﬁ@ré@i‘a‘%gmd’f@'ﬁ'ﬁ thé&nté@!%d@aﬁ% aoffrst(‘eluﬁlaeé %n o\ﬁfﬁ%ﬁé éécbr'ﬂ?sd}fa%QO' ymer
is a water-sol uble silicone-free prepol The met hod of clalm 10,

wher ei n A8 apeEEBIWIAEIN fhe Tistwatriape TP Y o7 G Gurtace, the second

surface is defined by the second molding surface, and the edge is defined by the spatial
limitation of actinic irradiation, and wherein the radical scavenger present in the fluid
composition reduces substantially the crosslinking and/or polymerizing of the lens-forming
material outside of and around thie spatial limitation of actinic radiation so that the quality of

the edge is improved.
2. The method of claim 1, wherein the induction time is from 5% to 25% of initial cure time.
3. The method of claim 1, wherein the induction time is from 6% to 15% of initial cure time.

4. The method of claim 1, wherein the radical scavenger is a N-oxyl or nitroxide compound,

a quinone methide, a nitroso compound, a phenothiazine, a phenol, Vitamin C, Vitamin E,
citric acid, or a combination thereof.

5. The method of claim 4, wherein the radical scavenger comprises a N-oxyl or nitroxide
compound.

6. The method of claim 4, wherein the radical scavenger comprises 4-hydroxy-2,2,6,6,-
tetramethyl-1-piperidinyloxy, free radical.



pol y(vinyl al cohol) prepolyner, a water-soluble vinyl group-term nated
pol yur et hane, a water- sol ubl e crosslinkabl e pol yurea prepolyner, a
crosslinkabl e pol yacryl am de, a crosslinkable statistical copol yner of

vi nyl | actago MyboRgd a conononer, a crosslinkabl e copol ywoag/epedos/ornssy!

| actam vinyl acetate and vinyl alcohol, a polyether-pol yester copolyner
with crosslinkable side chains, a branched pol yal kyl ene gl ycol -ur et hane
prepol yner, a polyal kyl ene gl ycol -tet'r%?(‘mat h) acryl ate prepolynmer, or a

crosslinkabl e polyallylam ne gluconol actone prepol yner.

7. The method of claim 4, wherein wherein the radical scavenger comprises Vitamin C,

Vitamin E, citric acid, or a combination thereof.

8. The method of claim 1, wherein the lens-forming material comprises at least one

prepolymer.

9. The method of claim 8, wherein the prepolymer is a silicone-containing prepolymer or a

silicone-free prepolymer.

10. The method of claim 9, wherein the prepolymer is a water-soluble silicone-free

prepolymer.

11. The method of claim 10, wherein the prepolymer is a water-soluble crosslinkable
poly(viny! alcohol) prepolymer, a water-soluble vinyl group-terminated polyurethane, a water-
soluble crosslinkable polyurea prepolymer, a crosslinkable polyacrylamide, a crosslinkable
statistical copolymer of vinyl lactam, MMA and a comonomer, a crosslinkable copolyrner of
vinyl lactam, vinyl acetate and vinyl alcohol, a polyether-polyester copolymer with
crosslinkable side chains, a branched polyalkylene glycol-urethane prepolymer, a
polyalkylene glycol-tetra(meth)acrylate prepolymer, or a crosslinkable polyallylamine

gluconolactone prepolymer.





