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af flgct t he sel ection of aﬁﬂbﬂ#?wowlll ﬁ\;ﬂ@r%ﬂcess design. 5 [0005]

In order to ensure bioconp y and ‘sa a common practice is to
enpl oy a post-production treatnment on polyneric materials for bionedical
appl i cat iKield.of Hoe Irehtion es

[0002] The present invention relates to a polymerization process for the production of

polymeric moldings, such as medical device moldings and optical lenses, preferably contact

lenses, intraocular lenses, and ophthalmic lenses, in which crosslinkable polymeric precursor
15  mixtures are synthesized and molded. The invention also relates to the novel crosslinkable

polymeric precursor mixtures and moldings obtainable in accordance with that process.

2. Description of the Prior Art
[0003] Polymeric materials have been widely used in biomedical applications such as
contact lenses, intraocular lenses, and ophthalmic lenses. Examples of other polymeric

20  biomedical moldings are bandages or wound closure devices, heart valves, coronary stents,
artificial tissues and organs, and films and membranes. The advantage of polymeric
materials is that a large number of materials are available to obtain desired mechanical,
physical, chemical, and optical properties of products by selecting the components and
compositions of materials. The properties of polymeric materials also depend on their

25 morphologies which can be manipulated by adjusting the processing conditions such as

mixing.



made from direct polynerization of liquid nononmers (i.e., nononer-based
casting system, tedious extraction treatnent is often required, in which
a bi onediwalosproduct or device is imersed in water or otPloaruSo&M2DXi C
liquid for a prolonged period, often hours at elevated 10 tenperatures.
During the extractigon process, residual nononers, catalysts, and other

har nf ull 0004} dndiomedical éPRJ\FéHOWfdﬁofmcdﬁatﬁﬁiﬂé’ﬁnaé?’b@élg S&w y. Upon

comp! et pan Gk #RlbARIy SEaReqidifly! iPakelaRal deweg Sroft@i firddo Aeemel al |y
free of toxi |ngre i ents and can used saf el for a bionedi cal use.

Thus, istringhet egdatinstsiadmigtered|byrtee US Hoatl & Dalthdmrnlﬁra@ne&F B4). Concerns

I t b t
o ¢ e biampr e ViR R sB o ¢ RS S P el g RS e on
ext 5 actoeus) stmrbrwlt&enslufhcwlsaﬁﬁﬁatmana/ £Shfed)d coh@bicasctidaes &f dnhgibpacy of
production significantly. [0006] For the productlon of precision parts such

as contpa&tt-prpémle@g trepimenhowr pplamerie maderialsfery biossdicahanplisatiangs Eer endiiigs her

dr bk e ARRO B RARS SIS BN IRET & MIRImaNE.ANARG SL e cur o

artlcle 0] € precise eonetr cavity

bec auseedjéus e’&@raétﬁtﬁn tsdfatmakag@fterrﬁahmzaﬁ irlphich @ bidmglicad prodacisor deORO7d When t he
shrinkage is the major_concern, of noldings, polyneric products may al so be

pr oduc dATEFSship BRIFFEF otheisnanstopie liqyidir |acPﬁ°1Pr%$f‘d|H‘E§°d HtepheussisbplewdPdi ng, or
ot hgr térﬁ;ﬁ qu?éée%u 'th ﬁﬂ%oe&mﬂhb(al%cﬁﬁhieﬁegath@s& hﬁlda&ﬂer naANRY e
these techni ques urre

rocessing tenperature are not suitable
for prepedss arg rdxﬂlm/remwldyfﬁmswhnch@rﬁe@ﬁlwﬂgr ypsoncchmaletmgan kkiydotioaf ract i ve

i ndex pon rs usef or opht hal en 0008]  Th t woul d be
st 1 aBiee 5 tralfa PalmsF el O EoSERRHS 55 ML My 41 o B pbeesaigi
bi onedigga) hidRiRbicaRlseO ThuS P iHd p@@d&h@ﬁ%?&iyﬂbﬁ@ﬁfdﬁem‘éﬁ%f MioRieRichi cati on,
undue shrinkage, or exposing pol yners harsh processing conditions.

SUMVAR\ﬂpnFcaTlHEs ItMVENTING- B8] GEUeg syPhen [sreosténbecawsedhieiqoines asiddiomel at

aII viatin redu abo ted prablens. ,.The in ion.rel ates
015" b Bk e s it B E Eh iR AR i ottt Bkt B! oo

m)l di Nng&ducePiiR cPdiéricyWif prddvicdt dig@kicaglys nol di ngs V\/m ch exhibit | ow

shri nkage upon cure 03/ 071339 PCT/ US03/ 04277 rTEar ed to curable

liquidl Qﬁﬁ}ml%arutwonmwn of praciseoreparts shely afrcoa@cw@ﬂseﬁ pocalaslenses endn
steps l%r ra r{u% 1428, an&tH%r cﬂ&tﬁ?&hc'ﬁ%?a RhRE! ﬁaﬁ&gxné%tﬂg%g@teﬁﬂé t}ﬁa‘? ﬂ{eas‘ﬁ'é d ghses.

i nt raoc enses, almec enses er ap i cabl e

mol di ngke aured bitiofeadicndhils Ireblmg& etidely the gbameltageSthe imoA® uidtyeosuse of
deV| ces, heart valyves, coronary stents, artificial tissues and 5 organs,
andOf i Itheshitagriealizeddeon PUMDTORNRFSKage of the pol ymer during the mol di ng

St age '[ﬁOd’ﬁdUW%gn fHe sﬂhhﬂg@% fd nild}or concern of moldings, polymeric products may also

be produced from polymer resins by injection molding, compression molding, or other

techniques well-known and commonly practiced in the art. However, these techniques

require high processing temperatures and are not suitable for processing thermally sensitive
25  polymers such as the high-refractive index polymers useful for ophthalmic lenses.

[0008] Thus, it would be desirable to have an efficient means by which polymeric products

for biomedical applications could be produced without costly purification, undue shrinkage,

or exposing polymers to harsh processing conditions.

SUMMARY OF THE INVENTION

30 [0009] The present invention is aimed at alleviating or reducing the above-stated problems.
The invention relates to a process for the production of moldings, in particular medical device

moldings, more particularly optical lens moldings which exhibit low shrinkage upon cure
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[0011] The term “substantially equal” as used herein in connection with the volumetric
25  proportions of non-aqueous diluent and water denotes that a small difference between the
volumetric proportions and hence a small volume change upon the substitution of the
aqueous liquid for the non-aqueous diluent may occur and is still within the scope of the
invention. The only limitation is that any such change be within tolerance limits established
by the industry in which the product is manufactured and sold and by any regulatory limits
30 that apply to the product. Thus, for contact lenses, for example, any deviation between the
volume of the non-aqueous gel and the hydrogel that is within the industry-accepted tolerance
limits for contact lenses is acceptable. Such tolerance limits are known among those skilled
in the art for each type of molded product in addition to being readily determinable from

literature published by the appropriate regulatory agencies.



5 relate to the polyneric precursor m xtures obtainable in accordance with
the process of this invention, as well as to the noldings so produced.
These aspwotos/oof33e he i nventi on and several presently prefremrresds/eqanodi nent s
will be described in nore detail below [0013] Mre particularly, the
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pr ecur PBysiplogicaksaliae tosusiifiiedhat dighist fop Bregioa- aqemudﬂgemhte predicgdht . [ 0016]
The re n i nkabl e prepol ymer preparation is then introduced into
?M%&ﬁgQOPéggéglred geonetry; the nold is conpressed so that the
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ol yYhith snmensises thesteps of ditgoRRipning aPreeHIsQraniziure eanHBing 2 GiossERAbIS . t o

gl ve a p?éﬁro%er.rrq{hg 'cRf¥slinkable prepolymer is obtained, according to the present invention, by

the process of 1) mixing together i) one or more different types of monomers, ii) optionally,
one or more non-reactive diluents, and iii) optionally, a solvent; 2) polymerizing the
monomers to give a polymer; 3) adding one or more different types of functionalizing or

25  derivatizing agents; 4) functionalizing or derivatizing the polymer; 5) optionally, adding one
or more of the group consisting of reactive plasticizers and prepolymers dissimilar to the
prepolymer synthesized in step 2); and 6) removing the solvent, residual impurities, unreacted
functionalizing or derivatizing agents and byproducts, to give the precursor mixture
containing a crosslinkable prepolymer. Optionally, a dead polymer, which is substantially

30  unreactive, is also added to the precursor mixture at a desired point before removing the
solvent.
[0016] The resulting crosslinkable prepolymer preparation is then introduced into a mold
having a desired geometry; the mold is compressed so that the crosslinkable prepolymer

preparation takes on the shape of the internal cavity of the mold; and the crosslinkable
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5 WO ng(r&ﬁ;s%g Phikibrs YROHQAZA the composition adjusted accordingly to achieve the
desired processability of precursor mixtures, desired degree of reactivity (including effects on
cure time and shrinkage), as well as the final physical, chemical, and optical properties of the
moldings so produced.

25 10020] An advantage of the process of this invention is the low shrinkage which can be
realized upon cure. As will be discussed in more detail below, the overall concentration of
reactive species is quite low in the polymeric precursor mixture. Another advantage is the
speed with which the polymeric precursor mixture can be cured. Thus, the desired degree of
reaction can be achieved very quickly using appropriate reaction initiators and a source of

30  polymerizing energy.

[0021] Inone embodiment of this invention, a process is designed to produce polymeric
precursor mixtures for biomedical applications such as contact lenses which do not require
purification steps upon curing and exhibit little net change in the volume after equilibration in

physiological salt solutions.



[0022] In another enbodi nent of this invention, the precursor mxture is
formul ated as a sem -solid polynerizable conposition. The use of a
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functionalized sites on the prepolymer backbone. Because polymers can be functionalized
uniformly, the crosslinking bonds in the polymer networks of this invention are more
uniformly distributed than those of the conventional monomer-based casting systems. Thus,
in yet another aspect, the invention also relates to the moldings produced from the polymeric

25  precursor mixtures of this invention.

DETAILED DESCRIPTION OF THE INVENTION
AND PREFERRED EMBODIMENTS

[0025] The terms “a” and “an” as used herein and in the appended claims mean ““one or
more”.

30 [0026] The term “monomer” is used herein to include mixtures of two or more different
monomers that polymerize to form a copolymer as well as single species that form a polymer
consisting solely of a single repeating unit. The term “polymer” is used herein to include

copolymers as well as polymers consisting solely of a single repeating unit.



WO 03/071339 PCT/ US03/04277 [0027] In the present invention, polynerizable
groups are incorporated into the precursor mxture through the prepol yner
obt ai ned W9 0Ble13dont i nuous process of this invention, whi ®@oT/USespRItes a
pol ymeri zation step and a functi onal [ zati on or derivatization step. The

pol ymer | step first ces mer from a nononer, m xture. The
pol ymer{b@r? ci Wfp%t }“é’e’it ‘? %1 °2‘B§:Iar8Hn‘i?é‘?qr?/tg$frgegle\/ﬂr?‘?]r‘rsr°éacti ve
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[0030] Oligomers or polymers possessing reactive groups, or being otherwise reactive, are
at certain locations herein referred to as “prepolymers.” For the purposes of this disclosure,
25  prepolymers shall furthermore refer to molecules having a formula weight greater than 300 or
molecules which comprise more than one repeat unit linked together. Functionalized
molecules having a formula weight below 300 and comprising only one repeat unit shall be
referred to as “reactive plasticizers,” as discussed below. The prepolymers may possess
terminal and/or pendant reactive functionalities, or they may simply be prone to grafting or
30  other reactions in the presence of the polymerizing system used to constitute the polymeric
precursor mixture. The polymeric precursor mixture of this invention contains at least one
prepolymer which is obtained by functionalizing the polymer synthesized from a monomer
mixture according to the process of this invention. The precursor mixture may also contain

other prepolymers which are dissimilar to the prepolymer synthesized in the present process.



ot her prepolyners which are dissimlar to the prepolynmer synthesized in the
present process. 7 WO 03/071339 PCT/US03/04277 [0031] Alternatively,
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final g 3(}'4”91\1015 C&%| g%ﬂ%gg&x Lfé%ts%a 5 %%’H géegl lb/%'aﬁgfotﬁ% 2HE ems upon
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pol.ymeri c precursar xture. [0034] While the inert djluents tensibly
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reaction wll generally be acceptabl e and unavoi dabl s may al so
af f ect pldsicizing effects on the prepolymer, dead polymer, and reactive plasticizer constituents in

the semi-solid precursor mixture. Typically, compatible mixtures are desired for the
production of the moldings of interest, except where phase separation is either unavoidable or
25  desired to achieve some desired material property in the final molding. For the production of
ophthalmic lenses, clear systems upon cure are desirable, which can be easily achieved by
selecting non-reactive diluents that are compatible with the prepolymers and dead polymers
of the polymeric precursor mixture.
[0034] While the inert diluents are ostensibly unreactive in the polymerizing system of the
30  polymeric precursor material, some minor degree of reaction may in fact occur, and such
reaction will generally be acceptable and unavoidable. Diluents may also affect the
polymerization reaction by acting as chain terminating agents (a known phenomenon when
water is present in anionic polymerization systems, for example), thus slowing the rate of

cure, the final degree of cure, or the molecular weight distribution ultimately obtained.



pol ymeri zation reaction by acting as chain term nating agents (a known
phenonmenon when water is present in anionic polynerization systens, for
exanpl e) ,wolha®7sBowi ng the rate of cure, the final degree@cafusosro£77 or the
nol ecul ar weight distribution ultimately obt ai ned. 8 WO 03/ 071339
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wat er- mam@e@fmkaonalnﬁ&mdgibbnfyekabhue@ﬁe& susnds etﬂyltdeetatbrdidwpfrcbpym of
nol di ngs of interest §E¥ e first extracted a sol vent ot her than
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w B0 adiOp et SO BF Wanges for each. Specifical ly. 340,12 11518
the folh@ae) NIrRREMENS AmpB3Re WraRtprod 8N ebitact(18dses Sidut] PEighately be
water-displaceable, although the diluents used in the production of moldings of interest may
be first extracted with a solvent other than water, followed by water extraction in a second
step, if desired.
25 [0037] “Over-the-counter” use of demulcents within ophthalmic compositions is regulated
by the US Food & Drug Administration (FDA). For example, the Federal Register (21 CFR
Part 349) entitled Ophthalmic Drug Products for Over-the-Counter Use: Final Monograph
lists the accepted demulcents along with appropriate concentration ranges for each.
Specifically, §349.12 lists the following approved “monograph” demulcents: (a) cellulose
30  derivatives: (1) carboxymethyl cellulose sodium, (2) hydroxyethyl cellulose, (3) hydroxy
propyl methyl cellulose, methylcellulose; (b) dextran 70; (c) gelatin; (d) polyols, liquid: (1)
glycerin, (2) polyethylene glycol 300, (3) polyethylene glycol 400, (4) polysorbate 80, (5)
propylene glycol; (€) polyvinyl alcohol; and (f) povidone (polyvinyl pyrrolidone). §349.30



30 derivatives: (1) carboxynethyl cellulose sodium (2) hydroxyet hyl

cel lul ose, (3) hydroxy propyl nethyl cellul ose, nethylcellul ose; (b)
dextran AP oBoY13gel atin; (d) polyols, liquid: (1) gl yceriPaI/USB3/04277
polyethylene egcoI 300, (3) polyethylene gl ycol 400, (4) polysorbate 80,
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prepol ymer may be used in pl ace of the fully pol yneri zed version to achieve
a temperature and pressure, exhibit a modulus below the constant modulus value seen for a

given pure polymeric system at high molecular weights, i.e., above the molecular weight
cutoff. The decrease in modulus used to achieve a semi-solid consistency may be achieved

25 by incorporation of plasticizers (reactive or non-reactive diluents).into the semi-solid
precursor mixture that serve to plasticize one or more of the prepolymer or dead polymer
components. Alternatively, low molecular weight analogs below the molecular weight cutoff
for a given prepolymer may be used in place of the fully polymerized version to achieve a
reduction in modulus at the processing temperature. With these considerations in mind,

30 preferred molecular weights are within the range of about 10,000 to about 1,000,000, more
preferably from about 10,000 to about 300,000, and most preferably from about 50,000 to
about 150,000. System parameters that can be varied to control the molecular weight are the
amount of initiator used relative to the amount of monomer, the presence or lack of a chain

transfer agent, the reaction temperature, the time during which the reaction is allowed to

10



reduction in nodulus at the processing tenperature. Wth these
considerations in mnd, 30 preferred nol ecular weights are within the range
of about WO0,0001389 about 1,000,000, nore preferably frompratrasn3A427000 to
about 300, 000, and nost preferably from about 50,000 to about 150, 000.
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i ous process which uses partiall red ref or di cI gsed b US
e gy e Gre SR Bregish e IRHLRE O gt igpOr e e g e oghths it [Fgscs,
partn a'tlhé/seﬁﬁ'fssﬁd Ex%kurgér Ras&d dBPs! ﬁ’dtfi‘&lul%%f‘g%k?et n?‘th'e'n%lii%s@ﬁf%%fmr mxture in a

nol d assenbly is first partially cured to torma gel, which takes a
geomet 1§042] oskhetmaolding psoreps vdtich hekes iusabf sebjisotid pfecirspemegures, Bliodas

an advantage over the previous process which uses partially cured gel preforms disclosed by

US Pat. No. 4,260,564 for the production of ophthalmic lenses. In the partially cured gel-

25  based molding process, a liquid monomer mixture in a mold assembly is first partially cured
to form a gel, which takes a geometry close to the shape of the final object of interest. This
partially cured gelled preform is then transferred to another mold assembly where the
preform is molded further to a desired shape and fully cured. Because gels are not fusible,
defects such as scratches on the surface of partially cured gel preforms and internal stress

30  introduced during the molding operation remain in the cured articles produced from partially
cured gel preforms. The semi-solid precursor mixtures of this invention overcome these
problems because semi-solids are substantially uncrosslinked, malleable, and fusible.

[0043] Another advantage of the semi-solid precursor mixture is that when free radical-

based polymerization schemes are used to cure the semi-solid precursor mixture, inhibition
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partially cured gelled preformis then transferred to another nold assenbly
where the preformis nolded further to a desired shape and fully cured.
Because gebasarssnot fusible, defects such as scratches @aTiuses/ed2rf ace of
partially cured gel prefornms and internal stress 30 introduced during the

mol di n eration remain in the cured articles produced frompartially
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uncrosslinked, mall eable, and fusible. 10043] Another advantage of the

sem - salutidg purecasrovoparddip worvansondl diquidrtased casting sydiaras. - THyaseehplex and

pol yneri zation schepes afre d to cure.the m -sql i recursor .m xture,
Poh by R <Rl BERTR o B R wolls 8 ey ) i of el fraPhait 45 §srid

r edgcegn URfpa eNe05,902 209 Rgd 57558 50 onidstadce) be@ently uskd tSeklde@%§gen t hat this

effect results froma | ow oxygen nobility wthin the sem-solid nateri al
prior tiommeldiaggpiogesses ¢aa begdimivaiprh end raagtierowilbsitll praeged)tp gempleBas B cast i ng

syst ens.  ThuS.: ?Qid stly schemes (both nol ding of the nolds as
wel | gg‘“#&%?‘%‘&%?ﬂﬁ? |nglog%art, as described 5 in US Pat. Nos. 5,922,249

and 5, 7641 50n thopresans irvieatdgn, ouhidheprefeyablysmakdsaisew € samtiesotid pgenrsof r om nol di ng
processes can be. elim n%t ed, F@H’g reaction will stil] proceed to conpletion

in a CRXBISH FASHITROGedRaRickiear ap Bird eaqtiondut crofslinkinggraddioneand figent i on,
wiioh RFRURLABLNmIRESRaitS 619 M ruftfbet O BbQEHKRE kitedThntd tHhfiod SREL ON

proceeds qui ckly because thé reaction I1s a crossrli ng reaction and the
10 pr eclue sooxygeh yrescdwsdtimihesemnbsglidprsembdr mntiver Byf‘quick sedingtknedissi t es,
and inhibition effects due to oxygen e reduced in the sem-soli.d .

or ecur SN hF BoDEIFHe greueOL TV of e Present ieniion itk BHFhRLR e ¢

pr ecur £empbliNénismsf whdie I RpRMorh IMABH beWRektd BelsAnt Bfpeldtadicavd | qui d
conposition in cases where the liquid formulation possesses the sanme type
of r eadunofienalfgiennsiapd dhe efheraysing paramisters skdy ascaneigygnigasivrendees, such as

' i . . . ically, ~ab
o 10t &2 BhERS b ol b Oy SFRIEL ) i Meor RERS RBbasyioff 3Ry s meede

i n or deblynteriatiiy ctveytih aedlies i edeetogichiRvOtheMEitedMb@iee dTlkQteOk YNt | at ed syst ens
conprising.the sem -solid precursors are used. Mire preferably, the curing
occur s Phetojnidaied suskemssURPrIsn the seurco g presupsems Are usein Mergarelpishl., fheef er abl y

in |less, .. b i > in |ess
than apuibd SRENR Ess HirBEAOAR <R P EGIEIAVANG el it bl GaN s | 7 !
Such r aginchboutr i0sgcondye Maesa pradfierabipy the easngd yccursaallész @dehnfabout hevomdzldfi ngs such
asﬁﬁont act | enses. [00Q45] Because the sem -solid naterial can be_ cured

ra

dl FXRATYTCB SIS 04 PP FP8Ieyergia Sich tapid furing times fanr BloreeagiEat

pr oces s¢dNde by Wth AUARBOsIRA oE BBhthAGhskd) the recycling or reuse of |ens
nol ds after each nol ding cycle. Wien rel eased froma nold upon cure, the

sem [0045] Because the semi-solid material can be cured rapidly and contains a relatively small

amount of monomers, a great processing advantage can be realized in the recycling or reuse
of lens molds after each molding cycle. When released from a mold upon cure, the semi-

25  solid precursor mixture leaves much less residual monomers on the mold surface than the
liquid precursor mixture. Thus, one embodiment of the present invention is a process in
which contact and ophthalmic lens molds are reused for more than one molding cycle, with
optional cleaning steps in between uses, in accordance with the use of semi-solid precursor
mixtures as discussed herein.

30  [0046] The polymeric precursor mixtures disclosed by the present invention may be
advantageously utilized to produce polymerized and/or crosslinked moldings. Therefore, in
yet another aspect, the present invention relates to moldings produced from curing a
polymeric precursor mixture. For the purpose of producing contact lenses or intraocular

lenses, the compositions of the fully cured moldings are chosen such that they become
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25 solid precursor m xture | eaves nuch | ess residual nononers on the nold
surface than the liquid precursor m xture. Thus, one enbodi nent of the

present IWo@BHTIBBY i S a process in which contact and opht ralrdse3/emns nol ds
are reused for nmore than one nolding cycle, with opti onal cI eani ng steps

in bet n use i n accqrdance ththe of, sem - sol

m xt ur ﬁ’gg’é%e]gi@?ﬂ?zaé&g Hﬁ? S?Sﬁm%y 39y eH8 S0 8“%6?% T fhem ﬁtagsrﬁrol?(t ures

di scl 0s86uth tb196 v @i PBiccht WABK i IRYliEng &RVIEHRY RO r)é aqﬁdohg zed to
produce pol yneri zed and/or crosslinked noldings. Therefore, in yet another

aspect envirenmensswnvill notedissobie méh@wgouswomom Seid meldings shelt bedrarginafteng a
pol ymerllfrr%? a%r%o&rog]? t.ure. For the purpose of producing contact |enses or
i ntraoc 9 &Ensé e conpositions of the fully cured nol dings are

chosen [e047) thaipouﬁﬂmdqﬁ@mrmlxw&ﬁﬁh&zlﬁ&atlaﬁﬂastQB/b@éhaWntage)bdﬂpge| S when
pl aced into essentially aqueous solutions; that is, the noldin Wil |

absor b utijiged o preduce hgmoaﬁne@m hysrpgeihin Wiick the gpesslinking Bendsrare sl By Pbr i um

sol ut | S @HAT SR GRARA. ol e Rk RO pHE P el SRRy <
[ 0047] diteet gmj/ryermancn pf mommmrmmtm‘eu cesslatkingbands megntot be unifymday so be

advant ageousl ut i ed to nm eous hydrogels in which the
crossl i ’l"]?fﬁe%B?fB‘ése éhetﬁ'”‘?t ?,P Iti %Bg%agmqnam ‘uni formy distributed.

As 18t atielg]r edr AtSputpoded omﬁs cngaagur@regseﬁﬁémj a%paeédbes%l&r%qs bvann i &St

pol ymeri zation of nononer m xtures, crossli'nking bonds nmay not be unifornly
distri bgtu@dns:)@méameg ofater e thsl rogipey qognpohentydnd mlpntttcutamaquemmmi'er s. 10

[0048] For. s .of .this di sclosure nti al aqueous sol utions
hal | ehtige Tt BHRRER ey Piin PhaSoRB Sl SORES P e UeE R Y and i n
parti cweqtﬁefaﬁuwsd foAdduilibate bk b1ORSthe hioldifigdingRiceloP pre isbr. %'i)bﬁicﬂlar
physi ol ogi cal salt solutions, i.e., saline solutions, preferably

used t prefgued acmea'eSesaBrSOBnn@n%hqvﬁélnr%m@laﬁ@m frorp|ahewt 200 t@ég%nwat@molarny
15' Cg%gﬁ? htepggctrgbf | T Osm?tﬁ%%sﬁ?el t&qélﬁ%{)bﬁt 230%0 38Y %ﬂﬁgsr&?ﬂ?l [ d zgcé\g f from

about arit inoné liter; nore pre et d ol uti ons

are fr cait aslotibnsZbdadvantagouslyl slollmsami@bfphysﬂh@gleallyaw@tatﬂahdltssméms ons are
advant g)?leousl y sol utions of physiologically acceptable salts such as
phos ph&hesphaicisalts, pryicharg wellggomnidn dienisla of grntadt dang care. Syah selutionsigaycar e.

S SO SEog o A TS A PAISHEL M PSR el U
Suc h sohafi¢ldo$ catiadt lensenei ISalf:h solubensrshile herethafter igereforml ity gagrdly sal i ne
SO | S0t RS 5 SETRES ST L SRl RS ] Bt 00 ST Camnet i ons
I[ g?gg]cél:rl??é{&tl?kﬁ&ﬁn aft if R RIESEYntdcNaOELEN My be advantageously formed
[0049] The moldings of the present invention may be advantageously formed into contact
lenses or intraocular lenses that exhibit "minimal expansion or contraction"; that is, they
exhibit little or no expansion or contraction of the hydrogel upon placement into saline
25  solution. This may be accomplished by adjusting the amount of diluent present such that no
net volume change of the hydrogel occurs when the molding is equilibrated in a saline
environment. This goal can be readily achieved by using saline as the sole diluent so long as
it is incorporated at the same concentration in the semi-solid precursor mixture as its
equilibrium content after hydrogel formation, which can be readily determined by simple trial
30  and error experimentation. Should one prefer the use of other diluents either with or without
the presence of saline in the semi-solid precursor mixture, then the diluent concentration
leading to no net volume change of the hydrogel when equilibrated with saline may not be the
same as the equilibrium saline concentration but, again, can again be readily ascertained by

simple trial and error experimentation.
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Ext r acsiepns singglstcaBy 1nmmg] iexeattioe atept’ end)‘fmpmmom extractiqn’ aoemsay thasdut t o

make contact | ens f.or ampl see, U,S. Patents Nos...3,.408,.429 and
307, S0EI QeRIRIIHIER BOHIERY ok ST B BEESERIPT ForRbosinl BRNERERT o' ne
ol di Ngion 6,06 it A veRlisRSEracti 0 J(]bé\acc@ﬁlvxmme)yqﬁe fhRl witlga e i nvention
is that noldings can be produced that do not 10 require an extraction

st ep, Gﬁmﬂ@qmnr\’ehldmhﬁ lensnﬁ negkagedelor shipmenirio sheegonswnele Theephpases ramimalt i on
» « t
mzﬁ ‘ ! sﬁt?%c”%H 1o Step aY 1nr}1 i xtr?ixtﬁ éfg‘ﬁltéé Ofﬂrtﬁerﬁ?)ﬂ %rg%n{yyaﬂ&%%ﬁx [ ﬁﬁ{xﬁén are

anoun ow an

ext r actiglp becue9agrogdrt deQﬁlyl aSpéi;'tl bf theidemblding si¥etionXaCwiinad arghand e itepd
extraction may be accommodated by the fluid within the container in which

the | efer panieligyidersare samqsivasiusedto fglivghmoreanent pheegensfEeR ongr nj mal 15
ext 1 acL.L a3t RhnofhRf! dﬁmo H%urs as%?tﬂo?é‘oftﬂgrenfs%rﬁ'sere@rs lfdﬁ&ggéﬂag?ﬁf " ng

mashrng or rinsing a part any aspect’ o
oper at icomprisiag \fﬂlulseda\satang'r éahndkolmtgor&ttmpms Didng eéheagrpioeessts, gotnel extedctionr e
times used to facili tate Hoverrent of tge | ens Irom ongtcont ainer to
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these processes, sone extraction 20 or rinsing away of any extractable
| ens rrmuerrmaélestrm?n Iseepr ssgueseatsdyn ipdistlesiire.o occur, but in

[0052] As an example, in one embodiment of the present invention, the polymeric

precursor mixture comprises 30-70 weight % of a prepolymer, a photoinitiator, and a non-

25  reactive diluent that is selected from the group consisting of water and FDA-approved
ophthalmic demulcents. Upon curing, the molding may be placed directly into a contact lens
packaging container containing about 3.5 mL of saline fluid for storage, with the aid of one or
more liquid jets to aid in the demolding process and to further facilitate lens handling without
mechanical contact (see for example, U.S. Pat. 5,836,323), whereupon the molding will

30  equilibrate with the surrounding fluid in the package. Since the molding volume of a contact
lens (e.g., about 0.050 mL) is small relative to the fluid volume in the lens package, the
demulcent concentration will be at least about 1 wt% or lower in both the solution and the

lens after equilibration, which concentration is acceptable for direct application to the eye by

the consumer. Thus, while from a strict viewpoint an extraction step is used in this
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any case shall be deenmed to fall under the class of materials and processes
requiring a mniml extraction step, as presented in this disclosure.

[ 0052] Aswansmxaapl e, in one enbodi nent of the present i nPemttsos)42the

pol ymeric precursor mxture conprises 30-70 weight % of a prepolyner, a
phot oi ni tor nd a no 25 reactive dilu nt that Is e dfromthe
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this 14 WO 03/ 071%& USO3/ 04277 ?T[?% nt, .the ext tjon step is
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pr esentongentratiérorangeld Saboosed0%an evaﬁer ab al@lb@ﬁqunldmommeheamﬂmwént t he
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of  beiswgllshle swhvRat thdy a\d@b@fabl&rofgﬁddu@ﬁlgsdlidﬂﬁdgéﬂéotﬁYlﬁktufré”\@pcﬁlrﬁb'sér@m
concentration range of about 1 % prepol yner under anbi ent conditions,

or nor érogt &9 & Y¥e W aéﬁéo renarathpsmpl watswwgﬂahlﬁhydmeé? wil exdubi ﬁéﬂagmllml i ons.
Th 10
Y5, 'ier gq?ﬁ%(?tg OI yﬁ@'hﬁn%héﬁt&beﬁﬁéﬁg it V\iﬁi fé.hl@ﬁgll SALE chQbicalnOn

wat er - sol ub 0 no cooneter di ssol ve

in wat ebmpuﬁfloﬂi bethe polyaend maltihg np tiengelrafel, aboel] at tHOPpdrogelatosdlinkt anbi ent
condi tions. é preferred, enbaodi ment, hydrogels nade from pr epol yners
i)

that adensiit é)lre ebhydspeelsimpcperdapaeayith tiseinyetion asg ihase sXMbIREIN are capabl e
of produGiiBHuR Mé%ﬁfé‘ﬁ%‘lsffdﬂg%b{&%g%%@ “ﬁbs\safu@f gahwébtépép safind S1Afhre wat er .

Ceneral I'y, such water - swel rogels w a nmaxi mum 15 wat er
absor pthuml qrosséinkede quohl wiser-insolwait ebut watet-ewel)abldatterisls dedirabbt producafcldaine

O AR B e hu g b SR Lo My gel . o el
this i gml] i g a%fr?’eﬁ@d)&ﬁb&ﬁﬁ'em Gﬂtﬂglrﬁ@ntlcﬁﬂﬂhbmgéédém WRkiGfe STOREBPMopd from
about 20 to 80 wt % water in a water or saline solution.
prepolymers and one or more non-reactive diluents is constituted that is substantially free
from monomeric, oligomeric, or polymeric compounds used in (and by-products formed
during) the preparation of the prepolymer, as well as being free of any other unwanted
25  constituents such as impurities or diluents that are not ophthalmic demulcents. By
"substantially free" is meant herein that the concentration of the undesirable constituents in
the semi-solid precursor mixture is preferably less than 0.001% by weight, and more
preferably less than 0.0001% (1 ppm). The acceptable concentration range for such
undesirable constituents will ultimately be determined by the intended use of the final
30  product. This mixture preferably contains only diluents that are water or are recognized by
the FDA as acceptable ophthalmic demulcents in limited concentrations in the eye. The
mixture is furthermore constituted so as to not contain any additional co-monomers or

reactive plasticizers. In this manner a polymeric precursor mixture is constituted which

contains no or essentially no unwanted constituents, and thus the molding produced
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When crosslinked, such water-insoluble but water-swellable materials
desirably produce clear 20 hydrogels, which are useful products of the
present iwoeabisae [0054] In a preferred enbodi nent of thecirmsestd2on, a
honbgenous m xture of one or nore prepolyners and one or nore non-reactive
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const | Physefogipibnaccepiablyisplinerglutione Merp prefeeblyniye hydroselo@ wnnchangee® s, and
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contains no or essentia no unwant ed constitue re therefore
pr oduc edlunw changks biydess tieapul % epomequiBeratén m sbpasfarencddingaotre amd st ep, asi de
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packagi ﬁ‘&ogf(b‘?ﬁ'ai ner and during denolding and internedi ate handling steps
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enbodi ment " of the present invention, e diluent conposition " and
concentheanavghpelymenepisenryoranixturpy elcthe eesentiixentien becagsedbe polymshict hat upon

curing _and. subsequent..equid i hration.in saline sal utj littl e t, change
by PEDGer e SRR P ) PRt SRR eE o, B PR eahbt k8o o ore
t han 1@9eatgin tigoamhhind bAdilat hétessaryploydhPergicl the aaaitdpuabimtamabf ne
solution. Mre preferably, the hydrogel volume changes by 10 | ess than 5%
and evé@dore preferably by less than 2% Mst preferably, the hydrogel

vol une aq BRI % L 4t ' i [ | di ng,
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amount of swelling of the finished molding.
[0058] In a presently preferred embodiment, the polymeric precursor mixture comprises a
water-insoluble but water-swellable prepolymer that is a functionalized copolymer of
25  polyhydroxyethyl methacrylate (pHEMA). The copolymer can comprise methacrylic acid,
acrylic acid, n-vinyl pyrrolidone, dimethyl acrylamide, vinyl alcohol, and other monomers
along with HEMA. A presently preferred embodiment comprises pHEMA copolymerized
with approximately 2% methacrylic acid (MAA). In addition, polymerizable additives such
as reactive dyes and reactive UV absorbers can also be copolymerized with the monomers.
30  This copolymer is subsequently functionalized with methacrylate groups or acrylate groups to
create a reactive prepolymer suitable for the production of ophthalmic moldings useful as
contact lenses. The reactive groups are covalently attached to the polymer backbone through

the hydroxyl groups of HEMA. The pHEMA-co-MAA copolymer is diluted with the
polyethylene glycol which has an average molecular weight of 400 (PEG 400) at a
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water. [0057] In yet another preferred enbodi nent, the dil uent
concentration is adjusted such that a fixed anmount of hydrogel swelling
occurs upwo 8@ai3By bration in water. This is sonmetinmes 20 paalysosib42tp aid in
t he denvol di ng process, and yet the hydrogel volune change can be: -

dated b i at | d. desi whi i t [ 1
Ut {1 CBUCeTAHe! P ENBR T dgS aPhoi oy Srbas PATiEEDab8e] 1na -
presentﬂﬂpt@m n¢6s eRRRHIRBAICUREES 1950 XIRALE R SREERGEio ﬁ%@g&i&g. Ises a

wat er -i nsol ubl e but water-swellable prepolynmer that is a i onal 1'zed
copol yneweiglit 25 pol yhydr oxyet hyl methacryl ate (pHEMA). The copol yner can

conpri thacrylic acjd, cryli.c .acid,  n-vinyl trolidone,. di nethyl
acryl aﬁ‘ﬁ%@? \%ﬁ’# pﬁﬂ%%?d)‘?“?t_’%ﬁrﬂe%'t%gl?‘s HYRBHEy éhe_ %ﬁbﬂﬁ erwrﬁgmg{fu,&e presently
pr ek er reepkaRIROSHT AR - c S MR Al B8] yRIFENSLERR By RE infethd Wik caRprQX it el y 2%
met hacrylic acid (MAA). In addition, polynerizable additives such as

react i wtepelpbs and reactive UV absorbers can al so be copol ynerized with the
monomers. 30 .This copol.yner is s e ntly.functional,ized with. ..

et hacr yi at g PEIpER LR ar b YRR s S hed P adformdl iihini e

sui tabl e for the apreastumt noA-rédctioP v b 161 Gty Mkt IH n BSShint sudSthat Afdract

| enses. The reactive groups are covalently attached to the pol yner backbone

through the hydml¢ingdt e psovede MERpmetTis X phamRRAVEH-sHIES sodpisiny i) 8 di | ut ed

(pel 200 A 2 10BN B 05 BBy B 8Bl FEPLBE P h L 0
wt % and a phot oi foimiag dorisgithh easuindPAGIRELation h8d funcDARDZLIRG steps1 73, and/ or

| RGACURE(r) 1750 js added at a concentration of approximately | weight %
[0059] | n omelpiesEeBe MORBBIaISIRBLVESPAUNNE: i nvention, the pol ymeric

pr ecur sor m'ad&iﬂggne 8r R ﬁ?@ie?gt &%ﬁ&fo%iﬁ%gg{l%g{}?{iz%lg Sgé?ﬁsai ned by the

nmet hod whi ch conprises the m Xi ng t I e or nore

di fferent t Ywesioodlizmgnonderivatiziog é;embbmmlanﬂ addingh photoinitjatoatnd east one
non.reactive | owvolatjlity diluent .in an anmount ch.that.after nolding
't Taan pr oviettbo g hibe bl el N E g RS AAe-d SStPRRLAE (1) a 10
vol atil e non- aqueeHsatiaigiaRhtsiald 8PpradBUL to gﬁe%eep/cﬁ_?heﬁ@ leBESorxairgel from
form ng during the ensuing polynerization and functi ona]i)l zation steps;

pol yneri zi ng t he capfaming the nenggagevedipsinyimrer ; addi ng one or nore different
PSSl eSO R B SRR PRI R BREHEA S
it is not necessary to recover and purify polymers and blend polymers with non-reactive
20 diluents because the polymers are synthesized and functionalized continuously in the
presence of the non-reactive diluents which constitute the final precursor mixtures. The use
of volatile solvent is advantageous for producing the polymeric precursor mixture in which a
polymer is synthesized from a monomer, such as HEMA, which contains a multifunctional
monomer as impurity. The presence of the volatile solvent prevents the formation of an
25  1nsoluble gel even when a small amount of multi-functional monomers exist in the reaction
medium. And, its volatile character allows it to be easily removed without excessive
additional processing.
[0061] The material obtained in this manner is a homogeneous precursor mixture which is
optically clear. Small portions of the precursor mixture can be removed from the bulk mass
30  and inserted into a mold cavity as a discrete quantity. Upon closing the mold, the precursor
deforms and takes the shape of the internal cavity defined by the mold halves. When the

sample is irradiated with a source of polymerizing energy such as heat or UV light, the

precursor mixture cures into a water-swellable crosslinked gel that can subsequently be
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15 evaporating off the solvent, residual inpurities, unreacted
functionalizing or derivatizing agents and byproducts, to give the

pol ymer i cwprogour3sor ni xture contai ni ng the non-reactive diPCoarsn3/of20060] The
advant age of the process of this invention is that after the polynerization

step, it js.no ecessar torecoera uri )

pol Erreflgmﬁ/ldfﬂ H%HQF%@@?? %Fim?émﬂ 191, F@‘Bg@gﬁ%eﬁ{%’ges'ﬂ%f‘%hﬁqrgg X ngflnt hesi zed
and f uggdibiaab aBRAL GPEYLLIMEIP BY-70% Whter atRiBABAGH, Mhilt BehiBlitg heRBANVA

di luents which constitute the final precursor mxtures, The use of

vol at i peopsios eneh asselentiation-4qbrsals alidnmopmlgdsnmlhgtq tpanpeciphi ayvelablecontashr
m xtur nﬁtméeh naﬁ;| th spﬁ’ll %lnqglné ?%’& heds i Ze as 9 o%hl{f{ml?mﬁ:]ns ésh&gaa HEMA,

whi ch alns a nu unc pe as i ese ce of the

vol it i bentaaldremtaopmamnﬁ %aidh&lsf&fﬂ@rb@lbedf\mﬂlrh ;ﬁﬂymeﬁ@pmhheoxgﬁmeﬂmemmhen a
smal | armunt of multi-functional nononers exist in the reaction nedium
And, i €Xhipis ey sheinkngg dringra raPId GHENE Step.Ang Saiddens TaERS R SRR hout

exCeS S ¥ acy B i 00RlnoRl B62331BAioh BT wblpgoimor ! obtained in this

manner 1S a eneous pre ursor ure optically clear. Small
por ti on@oéeat tAnﬁ)tl}mrquelseﬁ embodimert usaswsmeoneéﬁwhdoﬁasmm ahehpdrbphilmss 30 and

inserted. into ld ca i scl.ete quantit n cl osing the nold,
t he pr &CGPESr WE@H%FW@%G“%&R@%&‘%@’@ %ﬁ‘é‘nﬁqnef‘h@qyﬁllé%ﬁlﬁlcoﬁlawq defined by
t heo mMokghiBAinNk8Seh MR bBghea SRR |a§tﬂe%tdrf1ﬁ§]qioﬁ&ﬁgrsv\ﬂéah pBlyREUHE, 68 whikn

pol yneri zi ng enérgy such as heat or ITght, the precursor m xture cures
i nt o apossesmngavsliticial Binctiass Bionks ds g@lpotyms @tanacsubs@qugmrlsyTb@e 17 WO
03/ 07133 / US03/ 0 to s e sol ution for
equi |1 EPSTgre pricp g e RE PR s dfe S50 slicPpf Berel ndiButshs o

appr oxipfapoBnyers for RG@UsRIcRhe BdlyREHE btebﬁﬂsblxnihm&ﬁveé ef @ prdkdtiine:niBe rni cal

propertles such as el ongation-to-break and nodulus simlar to commercially

avai | adisclogeshindd$ Pat. dies. %hi(e%ﬁoaﬂéﬁ FALL, 74008 3nd 049, rk@l SP3due8d7.E8.usef ul

o 8 SRS 0805 A0BE o S oeniacL er oo ko, oS,

shri nkaggodian | 51808944 5|92(548) 519984% 6,020445 2dnd d (B1s05|9eawwel|1 BgP@D Ap@par ate
extraction stegg1 aside fromthe %l | i bration stéepp in the acka [0062]

Anot heNosr WQASAER I8 ROY GOREITE0 17 2OV PR WXL U3 ru OO p8Rhi i c
sili CO@%?opeMP&hﬁ\?BEh&QP@ﬂF] 6@4#%})@0%@6?&?%9@9&1@ ”%5‘609966%86‘ silicone
I gh a as

conponent = 10 exhrbitin oxygen perneability, starting
nmonomel| @)63(]1 e atkhcphﬂr;ptr@fmsed cmbmimnntpmssmﬂumgalkghbdlyﬂlmk whiclc dredhuatingtedups,

nmers. or reactlv icizers. These materjals are artlcularl
ool o e Shreen prunebily AL RSk et 0L an B eniahBBete of Y
:o:] Sgﬁlt Ilﬁgﬁlrog}rﬁg@fty BEORMAE POIyHRELRRbYREH EHRE 56 IRdrdPriidedfafisrduf}R. Present

Such materials may be readily incorporated into the polymeric precursor mixtures of the
present invention as the dead polymers, or when possessing additional functional groups, as
prepolymers or reactive plasticizers. For examples of such materials, see US Pat. Nos.
25 5,965,631, 5,973,089, 6,060,530, 6,160,030, and 6,225,367.
[0064] In principle, mixtures of any monomers may be used in the polymerization step of
this invention, provided that the synthesized polymers contain functionalizable groups. By
“functionalizable groups” is meant the groups which are capable of undergoing
functionalization or derivatization reactions to introduce functional groups on the polymer
30  backbone. The monomer may be acrylate, methacrylate, acrylic anhydride, acrylamide,
vinyl, vinyl ether, vinyl ester, vinyl halide, vinyl silane, vinyl siloxane, (meth)acrylated
silicones, vinyl heterocycles, diene, allyl and the like. Other less known but polymerizable
systems can be employed, such as epoxies (with hardeners) and urethanes (reaction between

isocyanates and alcohols).
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disclosed in US Pat. Nos. 4, 136, 250, 4, 153,641, 4, 740,533, 5,010, 141,
5, 034, 461, 5,057,578, 15 5,070, 215, 5, 314,960, 5, 336, 797, 5, 356, 797,
5, 371, 147W05388i53932, 5,451,617, 5,486,579, 5,789,461, 5 pP8aA0&d4277
5,962, 548, 5,998, 498, 6, 020, 445, and 6,031,059, as well as PCT Appl. Nos.

w094/ 97/ 22019, WMWD099/60048,. W099/ 6002 d W00 / 0288 d
Eur oped 0L PORIRI172 g8 MegbRR T - EpOORIgEg Y BegboRATERaRg ey
EPO099 @66y @leemﬁm e@fa@fcﬁ{jﬁcﬂﬁn&ﬁ%ﬂ@h rﬁ%ﬂbmﬂ e snibficijousi@Rhion,

pol yet hers, which are fluorinate 20 to give good oxygen perneability and
i ner t neyeloadditione PhicleriAldereastiony riastoperiagmessathesis pajynentationcandy due to t he

poly mer, R%ﬁllégt (%1 e)élgfl:c % >}fl{aly b%rh% a%%??&@op?ﬁn&?ﬁ%qmealg biaRHRed, d%@lc

mat eri a| ncor po I nto NEri’c precuarsor m xtures
of 5heorpgmﬁpabwmnMﬁhﬂhmnuas the dead polynmers, or when posseSS|ng

addi tional functional groups, Pre ol yners or reactive %Iasticizers. For
exanpl 630691 slpdemansiaate ahlesgregtélévw tmorqarers gt eandisisgn the presentogg,

6, 060, 33t gﬂ%gﬁg} e t ’fg\g?roﬁ‘p; hst[oQﬂQr?'(lre&snto%c%deﬁcﬁlo?’com}#ﬁlgﬁ of any

mononers may be u nerization ste S I nven
provi dedaitadbit cdrrtp@uﬁcjmtﬂwwmpllepmbgmﬁrm;tlmmhmnnnfemnchldmerheth)abing;r oups. By

under oSS TFARA LRSS S ok reriegat MELBE o s GAERTSnsmbOarams strfee
fungti gay. vﬁS/pZ’-B?rré’l'IHotn@ﬁ% Y¥EETandfe aﬁplksbg{afoguaféﬂﬁwmagl@nﬁsﬁ,ﬁﬁ%qhbe acryl ate,

met hacryl ate; acrylic anhydride, acrylamde, ~ vinyl, vin vi nyl
ester, avny&wmldhazlmsd@cryw ﬁyllds sidhzasdme arvyyhosaclcbwawéace(tate,tmr))ddxeyztcateed

silicon n et eroc di.ene | | nd the like, Oh | ess known
out | porpaeter S SRR RS anthlaRlc and gt londile, 8o st fions ek aoh

har dene(;ﬁé hﬁegw e&hg é&ﬁaﬁﬁd@%@&%w&mt&aﬁmm%aﬁ PRdsibeaRol s) . 18
WO 03/071339 PCT/ USO /04 [ 0065] Pol yneri zat'i on nechanlsns that may be

enpl oy ¢e0a3y t@fhetpnemeﬁxncnmﬁéﬁmﬁmBaCMIcehwonbys walpdef eteyldmpthgadrylateude

cyar ondror ReRiaYaTe ARk e ud R R Sorl A el Mol BB LR
pol Y e hieZdfet @ Tmeth)ébrylet fBar. Zﬁ((nh& criyQite) FRIpY1 gﬁmhmrﬂgm@t Wers or
copol yners of |inear, branc endritic, %9tly crosslinked

struct Lﬁmé@)acmetsst]etrwda@ﬁ%fﬁgﬂ Kla@@)qcméatef@atoléntm@es aghlatgherdt s that can
andr ez RaB Rl (DGR prvbhodyt PR TR BT Sl e,
m)no f l(mneﬁu)amﬂ)ahteﬁbnmm)ﬂoxm}i)d @ﬁet@’ﬂﬁﬁét@,ﬁdﬁlo&bﬁ)ﬂ (nﬁtlf)iibrﬁl&tel’fﬁbbc)fhyl
wm%;&r L LTS S (CEMR oy L suer
\'ﬁ In ;Fp gg%%ﬁ;t Ay i oMy I le RARoYplicnyPGhAS Rt e Pftd FBENASG Hhihedc! d
(meth)acrylate 2 hydroxyethyl acrylate (HEA); 2-hydroxybutyl (meth)acrylate; 2-
hydroxypropyl (meth)acrylate; 3-phenoxy-2-hydroxy-phenoxyethyl (meth)acrylate; 3-
hydroxypropyl (meth)acrylate; 4-hydroxybutyl (meth)acrylate; 4-t-butyl-2-
25  hydroxycyclohexyl (meth)acrylate; 2-ethylhexyl (meth)acrylate; 2-ethoxyethyl
(meth)acrylate; ethoxyethyl (meth)acrylate; methoxyethyl (meth)acrylate; methoxy
triethyleneglycol (meth)acrylate; hydroxytrimeththylene (meth)acrylate; dimethylamino
ethyl(meth)acrylate; glycidyl (meth)acrylate; 2-phosphatoethyl (meth)acrylate; mono-, di-,tri-
, tetra-, penta-, ... polyethylenglycol mono(meth)acrylate; 1,2-butylene (meth)acrylate; 1,3
30  butylene (meth)acrylate; 1,4- butylene (meth)acrylate; mono-, di-, tri-, tetra-,...
polypropylene glycol mono(meth)acrylate; glyceryl (meth)acrylate; gylcerine
mono(meth)acrylate; 2-ethyl-2-(hydroxy-methyl)-1,3-propanediol trimethyl(meth)acrylate;
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styrene, a-nmethyl styrene, maleic anhydride, and acrylonitrile. Note,
notati ons such as "(neth)acrylate" or "(meth)acrylam de" are used to
denot e opwoonabiaet hyl substitutions. [0067] O her nono- fPamatSoenel?

(meth)acrylic m)norrers i ncl ude: et hyl (meth)acrylate; 15 propyl

(et h) acr I at but nmet h acr | at e; oct I h).a ate; isodecyl

(et h) & (ithe "% ‘é’GI Faner y‘é‘{g‘g’%’?’pe’%ﬂ*ﬁ h)acryl ate; propyl
(et h) aﬁﬁé'thﬁ ﬁeth?)fcp}rllﬁﬁlmde( H%&é%a&%&m&ylahﬁaé %hﬁf@ﬂ%ﬂ(‘rﬁ&h)ﬁb’r‘yla(rﬁ@é hN&eryl ate;
capr ol act one acrylate; benzy hyacryl at'e; phenyl (rret h)acryl ate;

2- phenylirp¢tbyulydla(ahmekmatbbapt)damgdephiﬁ(ﬂ\dx@lmer}wﬂ -3- c(mbtlth())e(mem)mrﬁlamlde N-

(ot by Sergp e TRor e e B S et O Y b cr vl acos

trigyc élﬂ[ﬂﬁﬁ%a%rﬂaﬂ?do@}opy@ﬂqwd&dﬁylirﬂﬁ‘é a(]gr(mea{)@c Qéflﬁhhd’dp%tﬁyl}JN}NN phenyl

et her )acryl ate r oxy- 2- met h) acryl ate; 2 hydroxyet hyl
acryl aﬁ@nenhzlaynmezNﬁ%ﬁm%pémﬂamléﬁérmpm{wm mﬁymhawwrlo‘pw and 2-

th t
hyar oS TR Y sl iR WIQ’I%E? KRHASL YRS ), 2
hydr ox yeymilybslawyimideed h)l@@BMﬁ@‘bﬁohrR)netNWuhﬁ%Wne(hlyBB mapholimhe;

2-ethoxyethyl (neth)acryl ate; ethoxyethyl (nmeth)acrylate; nethoxyethyl
(met h) é&n?halﬂmhenﬂt%wvmw FOXARG; @Hégngﬁhﬂwwﬁelefﬁ)%édyn@hélwnyl s11y1)oxy]

h t I t byl th | at
O AP BTAAS LA o B Ao Y (et acr vt atei

tetra- ,((nmmfaaryloyloxy)abjflyx&ﬁﬁwhlﬂbﬂg:itymhylfmfﬁ?3 BRtlhl)aﬂ@t leat e; 1,2-butyl ene
(meth)acrylate; 1, butyI ene_(neth) acrxl ate; 1,4- butylene

(et h) RE(Gimsatly] SlIPMBhsﬂoef?ny propyl] Cartbétl%té’-“ (tetf%’é’llt?ﬁ?%fﬁ?‘lh&ﬁ@‘@’r ycol

S oe by LR RO LIRS AN L YRRl IR IRV TRARL 212
037071 3BSspROHALUINL; Qﬂaﬁgcrylbﬁﬁﬁﬁﬂl vam @feal YipgRolaéney0 ﬂ@llﬂsﬂﬁaﬁ)h@ﬁa&@lei fetallile:

met hyl acryl am de; N.N .di nmethyl (nmeth)acryl am de; di acetone
( med h) é@lp%gfémeggacrxpmlql,w%m% W%}plg&q&éneq\prm_ammomum salts; and the like.

di met h ted r a - |
(met h) cr y ?ﬁm g?‘ﬁy?dhe r? me'gll%l% c(r1§/ 3 der:r)b Qﬁl%ﬂgﬁq&ls) dimers,

2- et hthmEI:S)/l]etTyﬂnpgﬁ[ etdi, ngto Md(lﬁclﬁdl@gtpbbf)wms of tamgd{aprrqq@ytl yrif\, N- di net hyl am ne;

N (3- (W) &b Pr e EEe ek e erReR RO R TG 8 YE.SPPHA - and 2-

net hyl aécdfdhﬂélyffb %az@hlgh r@ﬁa\étlwindic@s dE;ﬁhl\@es M‘s\ﬁbﬁ'}ﬂonéh'&f‘s' P asifon hhndseY!
di gl ycolylim N-vinyl glutarim de; vi nyl - 3- nor phol i none;

N- ¥9 ny lmeanmdwghova-lminqlmbbnw@ or @Imtatvyll mhcpﬁéwth)mylhges .8yl siloxane;
S T RN R N
( (et hbmlwmweﬂwarszta&yl tn‘tsrdwdph@@d;@@m@t @netHjaBbiyl At thiBrogophbyl ey, 1-
(meth)acrylate, tribromoneopentyl (meth)acrylate, tribromobenzyl (meth)acrylate,
bromoethyl (meth)acrylate, brominated or chlorinated styrenes, vinyl naphthylene, vinyl
25  biphenyl, vinyl phenol, vinyl carbazole, vinyl bromide or chloride, vinylidene bromide or
chloride, bromophenyl isocyanate, phenylthiol (meth)acrylate, 4-chlorophenylthiol
(meth)acrylate, penta-chlorophenylthiol (meth)acrylate, naphthylthiol (meth)acrylate, and the
like. Increasing the aromatic, sulfur and/or halogen content of monomers is a well-known
technique for achieving high-refractive index properties.
30 [0071] The process of the present invention comprises the polymerization and
functionalization or derivatization steps to produce prepolymers. The components of
monomer mixtures are chosen such that the resulting polymers contain functionalizable or

derivatizable groups. In the functionalization or derivatization step, functionalizing agents

20



bi s(trinmet hyl sil oxy)disiloxany] propyl] carbonate;

4,4' - (tetrapent acont net hyl hept a- cosasi | oxanyl ene) di - 1- but anol ;

N- car boxywp33at@ad ne N-vi nyl ester; 2-nethacryl oyl ethyl phogsesoestzhol i ne;
met hacryl oxyet hyl vinyl urea; vinyltoluene; 1-vinylnaphthalene; netallic 15

salts of (nmeth)acrylic acid; nmononmers coptaining quartemary anmmpni um salts;
and ¢ hérd 1REd biBEBITIerhE WU RGTPoLErS by TTodupg ety eyold o thep o 7 |
used t QofeRRbEKFBRONBY S furliif®ilSing dobhti®ls neahEMORIBIES whedhthave BRoup® and

i ncluding polyners of "the given repeat unit. [0070] Wen high-refractive

i ndex meactré tl the pplamgessande dpomusadingrwithpolyinerscinroditce rgacive grougs pnile have

hi gh ref [ i ndi , f h | dgi ti h
20° mon oG A9 o s AR b o ooyt 0" 10 %

(et h) Fedctbailesatiferedctiod@ay Bbeaied aatal@alq;m%@@tep usihg BseirEdl@fmyliciatizingt C. )
brom nated or chlorinated napht héllle or bi phenyl (neth)acryl ates,

tri br od8pHeddRyBLNSY, thadinsrigaslizablegroupranghe Abaekbops ipdramgiesred

met h i.Qr.o - L R A AZV-
(et ) S5 & Sodkdr HEEARARAHI B ALY Cicn b QR RS then |
st yr enesactedi wiyh the didndtioyhlesieg agentnyThe2& atnpids @xfi filnctivhalizable pesgls inchidey but
carbazol e, vinyl. bromi de_or chloride,_ vinylidenpe bromde or. chloride,
br ompﬁwtﬁng%éw XYl amyesiaghoxyptasniigls a?%1€§35$%hyf§f%§%ﬁ fRe8i ol
(mghh) ags ¥hAi&s. Pent a- chl orophenyl t hi ol (neth)acryl ate, naphthylthi ol

(meth)acrylate, and the [Ilike. Increasing the aromatic, sulfur and/or
hal oged0@@ht dior figfctional onmeg the ipslymene¢dntdamoghydioaglnfugcotgorfatizing@pénésy/i ng

hi gh-refractiye.index, properties. 30 071] ..The .,process, of the present
noent amPasHEE PO OB Al sush o O i PR BR GRaR RsSendhes

der i vatchddh{liinsili£Rde, bRidAfOSI WA pRFiEdRAd, ¥iBmSatic UXEd£LBAPRNERdIRIcS falkyIONONMET

m xtures are chosen such that the resulting polyners contain

f unct i Gahddszisptyanyges, hdlohydmns, aahimhydridespdor functipralizingdhe pelamersat i on or
derkvatj . On_s. f ' J.zln . 2 03/ 071339 PCT/ US03/ 04277
ar 057 o SRl By E RS SRRl B A R R R e e R ve
gr oups isvthib&y@natpg) li §oTBindnas kdyd B deBN-hfdunolsicviviidd ere gatbsyl ch®rideqnt

nol ecul. es whi ch have &roups reactive to the polyners and, upon reacting
wi t h pdElpRes aldehydes gad glyoxelacapoyidegpnsl gidrages, eprBongies, phiatingderEdne and

ther ebym{dRdels, LSodiMiNEPniRRRR, En@halGhRRR! B Rflcidiifi e lii)hiABR! | zati on

reacti on may be carrie a’single”“step using a su

f unct i enathinigihiol goeups, exAmipees vfthiv-edagtivd dtenficel cédctond irz abloecayylaug atiyl t he
pol ymner §$c bone is transferred. furtt]er o anot her_t,

fuagti JAAs {9

BRRVSSr B ‘erfle?’é’ﬁ’é,r‘c MG X Pyl gleRypitvesy %Ylaﬂﬁg g%F%{t% apdybipl- r eact ed
Wi th t iRkt Rmgh rddcRE (GRS pyhBf i SdisAfidl HAGERR Izl £2 9T oups
include, but are not limted to: hydroxyls, am nes, carboxylates, thiols
(di sul mittbshzoiaahglr i des, uret hanes, 10 and epoxi des.
[0073] In a presently preferred embodiment, the reactive groups on the prepolymer
backbone are acrylate, methacrylate, acrylamide, and/or vinyl ether moieties which are found
25  to give convenient, fast-curing UV-triggered systems.
[0074] To produce prepolymers for high-refractive index ophthalmic lenses, one preferred
embodiment uses the monomers that contain both halogen atoms and functionalizable groups
such as hydroxyls. Examples include, but are not limited to: 3-(2,4,6-tribromo-3-
methylphenoxy)-2-hydroxypropyl (meth)acrylate; 3-(2,4-dibromo-3-methylphenoxy)-2-
30  hydroxypropyl (meth)acrylate; 3-(3-methyl-5-bromophenoxy)-2-hydroxypropyl
(meth)acrylate; 2-(4-hydroxyethoxy-3,5-dibromophenyl)-2-(4-acryloxyethoxy-3,5-
dibromophenyl) propane; 2-(4-hydroxyethoxy-3,5-dibromophenyl)-2-(4-acryloxy-3,5-
dibromophenyl) propane; and 2-(4-hydroxydiethoxy-3,5-dibromophenyl)-2-(4-
methacryloxydiethoxy-3,5-dibromophenyl) propane.
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[0072] For functionalizing the polyners containing hydroxyls,
functionalizing agents conprise the hydroxyl-reactive groups such as, but
not |im two mBm7138poxi des and oxi ranes, carbonyl dii m daz®ca/usoxbaati on

wi th periodate, enzymatic oxidation, acid halides, alkyl halides,

i socyanat es, hal ohydrins, and anhydrides, For. functionalizin th?tﬂglyners

15 con{ 781 nd"aRTAE BFBUERSTAY Y8R EORSHAIMLH AGCUh FONRGiSr 12 e e _

am ne- %SﬁgBéiM&s%ﬁléBﬁ] SHGHs Shonlre il AAKBRALETor oPRA¥AHAERSen aCyl azi des,
N- hydr oxySucci ni m de gsters, sul fonyl chlorides, ketones, aldehydes and
gl yoxalksgordipglyi td @sevantdnsolilagels fropafdnming dsingdhg paymagzagigaand ,

i m doest er.s, ca .bodi i m des, anhydri des, and hal ohydrins. For

functi oNE P21 HG"ChEol yners  containing thiol groups, exanples of

t hi 9- 1 ¢gwie) v eOSRAIIE HolyredEhbleRadiaes fizh Aasbive @04 palylietizafle)tiles ghed
derivatives, nmleimdes, aziridines, acryloyl derivatives, arylating
agent s reagtive itsi,polynesirizable) H¥ abgetharsgeay kyjapiuded witheimagomer mixfiresi Byl f i des,
di sul fi .red -t hi0-2- njt 1.C ' :

or esent Py p PR AlGuadthe ok Mkt bRpAORElGuf Shilesicpd ROl mbloler
backbontixaife vagitly hidgd eomprécasdtivk diyes ariaeydtiasilie absartetofor theprbdwetiba iof

noi eti es which are found 25 to(g?i ve convenient, fast-curing UV-triggered

syst embintgdddy apsorbable eriliecs lansesp SPRERIER MogPmeT BRXtREARCRdsS\%e i ndex opht hal mi ¢

| enges el 1ate R 'd??lg'ﬁ 18 SRd HEre HRNRMHE RndWRhs GRS @i n both
ha ggegygpgﬁéﬁgﬁgﬁ%h c%?bn@ﬁ%za %Hggbups esuchqgéﬁﬂigﬁoiﬁﬁs. Exanpl es
i ncl udaydiouyethylenaticicrlataT orthltedtl EREA.2, Anddhérrsutir mopnerBer mixture includes these

met hyl phenoxy) - 2- hydr o ropyl th)yacryl ate;.,. ” .

e ) o TiED RS b RN, VSO bRC SR B Diybiop el shemyipame

3- (13- mggpihe AERIAR A¥drylic 'ayiqrzoFdf-ps"-epé(rhino(mhi)o@sf3y§‘ﬁfoe4a 9,9a,10-

2- (4- hydr oxyet hoxy- 3, 5- di br onophenyl ) - 2- (4- acr yl oxyet hoxy- 3, 5-

di br omtgsrabmgiopnthraspa eylamino)-2-sulfophenylamino]-6-chloro-[1,3,5]triazin-2-yloxy} -ethyl

2- (4- hydr ox hoxy- 3, 5zdi br anpphenyl ) - 2- (4- acryl oxy- 3, 5- di bronophenyl)
pr iganéft%ﬁﬁgg‘-e("%ﬁ’%/d&f&%{%[aéﬁhoxy- 3, 5- di br omophenyi ) - 2- ( 4-

met hacr yl oxydi et hoxy- 3, & di NHyophenyl ) propane. 21 WO 03/071339

PCT/ US03/ 04277 [0075] Nbnoner ngéﬁ# es may al so contain multifunctional
nononers. |n that S eXxeonpdsitions and conmponents of non-reactive
di luents and/ or sp gr e chosen accordingly to prevent insoluble gels
fromform ng duri ngA poly#eri zati gn and functionalg zation steps. 5
[0076] Optionally, polymerizable addiltives such as redctive (i.e.,

pol ynmeri zabl e) dyes and© r j i } absorbers may be

i ncluded in the nononer m xtur n dertain preferred [pnbodi nents of this
i nvention, prepolyners are syn edN nonomer m Xxtures which al so
conpri se reactive dyes and reactiveSQyNahsorbers for the production of

Cl

The chemical name for Norbloc is 2-methyl-acrylic acid 2-(3-benzotriazol-2-yl-4-

hydroxyphenyl)-ethyl ester, and the chemical formula is:

HO
es8v
N
=N O‘?'
0

20  [0077] One group of preferred prepolymers includes the polymers or copolymers
comprising sulfoxide, sulfide, and/or sulfone groups within or pendant to the polymer
backbone structure that have been functionalized with additional reactive groups. Gels
resulting from sulfoxide-, sulfide-, and/or sulfone-containing monomers (without the added
reactive groups after initial polymerization) have shown reduced protein adsorption in

25  conventional contact lens formulations (see, US Pat. 6,107,365 and PCT International
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tinted UV absorbabl e contact |enses. One such nononer m xture includes 2 10
hydr oxyet hyl net hacryl ate, nmethacrylic acid, and the reactive dye known as
"bl ue hywpwesypesbyl net hacryl ate” or "blue HEMA " Anot her ®aTthuSomomer

m xture includes these three corrponents plus the reactive UV absorber

k " Nor b " ] f HENVA I

nerd 2 Punlipgon e Wd0 2§ i maSery i scs 5 nertport @t Pt TR AT i cen. |
-yl am @eécu?sbs Hh{tﬁféa%@ﬂ{eaﬂm%ﬁﬂ mPertonQ Sraktink Mosonhdr f&%ﬂré'oboxljrb{ér@éﬂc}/or ethyl 15
ester, and the chem cal formula is: O NH2 "SG3Na /O~ \l" O

NiN S@Nagldieadméymﬁém cal name for Norbloc is 2-nethyl- acryl ic acid

£ el S R S LI

I nckudesort Rendaat Uﬁ‘@ﬁﬁm@lfhﬁ!%gl SHOBsS sorﬁ@;ﬁﬂ)’flbﬁ bNghiethaoxbeta, fuﬁdﬁoﬁﬁl@t%d and/ or
sul fone %lroups within or pendant to the p backbone structure that
é]éb?@‘i’

have bedH feagiiveigsonnsicarablopt undgieing féfﬁ‘afladkc %olmup%wnegw@mpkégm ting

from syl t?&gme&‘ihélh&'@ cﬁ‘&ﬂfi&{d él&Q{&'rP;p at | g@@yﬂ(gx\‘{/%e?ﬂﬁggrg s thout the

added Trea roups a I ni 'reduced
pr ot ei rpo@dhyd:romypmpyh (meﬂaamylmepbiyamgleneglybak;belhﬂm dextram) giicsasuéoeg, US

Pubi | CRPPBHNEISoUoB B bR C NS ginfPeo é"%éi%?q y- PRIROFI A nto
el gl S o ATATATL, RO
group @fropmnga&rdr\eds1qnfseq:fmlheya‘®ws—nmnsneﬂtpbljnhas freedisy prekdifed pospoBnitre g;eene or
5 more pendant or termnal WYAROXY QL OURSyo G, fOT i on Of whi ch have been
[0079] Particularly preferred prepolymers are methacrylate- or acrylate-functionalized
poly(hydroxyethyl methacrylate-co-methacrylic acid) copolymers. Most preferred
15  prepolymers are copolymers of hydroxyethyl methacrylate (HEMA) with about 0-2%
methacrylic acid (MAA), where about 0.2-5% of the pendant hydroxyl groups of the
copolymer have been functionalized with methacrylate groups to give a reactive prepolymer
suitable for the polymeric precursor mixtures and the process of this invention. A more
preferable degree of methacrylate functionalization is about 0.5-2% of the hydroxyl groups.
20 For functionalizing the hydroxyls of HEMA, examples of functionalizing agents include
methacrylic anhydride and glycidyl methacrylate.
[0080] In another preferred embodiment, the prepolymers are methacrylate- or acrylate-
functionalized pHEMA-co-MAA copolymers copolymerized with reactive dyes and reactive
UV absorbers consisting of about 0-2% MAA, where about 0.2-5% of the pendant hydroxyl
25  groups of the copolymer have been functionalized with methacrylate or acrylate groups to
give a reactive prepolymer suitable for the polymeric precursor mixtures and the process of
this invention. More preferably, degree of methacrylate functionalization is about 0.5-2% of
the hydroxyl groups and the functional group is methacrylate.
[0081] When high-refractive index prepolymers are an important consideration, as stated
30  previously, increasing the aromatic content, the halogen content (especially bromine), and/or
the sulfur content are generally effective means well known in the art for increasing the

refractive index of a polymeric material.
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W th reactive groups capabl e of undergoing free-radical based

pol yneri zati on. Exanples of such prepolyners include functionalized
ver si ons wb opobhydr oxyet hyl (net h)acryl ate, pol yhydr oxypremisos/o4277
(nmeth)acryl ate, polyethylene glycol, cellul ose, dextran, glucose, sucrose,

ol yvi | cohol , pol yet hyl ene-co-vinyl alcohol, nono-,, di-, tri-,.
Doty . os2t SRURS sshvai bventon: T memaatrresusamstudnpey 4sf bieintictive g
al kanep@isﬁ&i%e@.nﬁeﬁétivglg%sti@ag|ab@7ﬁ'a§d 1B 2eaktiGt AddiuAnshoR @RIMINGIRI Vver si ons

of the above-nentioned polynmers are also preferred prepol ynmers (see, for
exanpl duRGDnalitabomat deynatizadeblreastivn. oPubing thapoeigingaad tyring opTdjorPhet i cul arl y

preferred gre{&ol (Jers, ar e rrret hacrgl atpe]t(i:‘e or act lltahe-lgvbjgrclztitgnaé'ezed

pol y( hyg¥E%§Fe ﬁf/%/ VEPRSUFZAS Y UBPTeXE Fhecroesstablily §Y 1t r e he patentiiss ¢

preger rt@ﬂpel&uws%wgfaénﬁbsm@{t@regomWm&t Pfthdjedreoiny of Byfteniript thagenhiaé,e ( HEMA)
wi th about 0-2% nethacrylic acid &.&ré‘z where about 0.2-5% of the pendant

hydr oxy¢ackvenlestiafers fe pagisplarlymsefu RIEPHISQY Feixfusesalor oRthalmiqlenses

nmet hacr, LV J j e f -

ol yror s B hoBt e Boat Ry A A b BRI S B ER Al
pref er alndex pdégh@se Thusyat drecimybodierft wficiis vahtichathe@olynserdlyoedursbr mixtdrof t he
hydr oxyl gr.oups.. 20 For. functionalizing the hydroxyls of HEMA_  exanpl es of
funct i SABIPHSSSighEsfrastive gy BrePRlMes @RY p FeachRiasticHsT aMergPrpEsrah)y, the

mef aclrpy%cgpsgr li98RQd fnAnetifer preferred enbodi nent, the prepolyners are
y

met hac ate- or acrylate- functionalized pHEMA- co- MAA copol yners
copol yri80833 edl'wi reactive plasticiecrs yey atsoderusead to aceeletdié thb smsileksngeastiontdafng of

about 0-2% MAA ere .about 0.2-5% of the.pendant hydroxyl 25 groups of the
copol y PEPORDES BBLRF PURCERE A FoRdnfinererB L ER st s Preb e i ups 1 0
gi ve a wifarhy MRmBEIRBLIY AR fordtiblogdtnRed B&ls hﬁ? bR @FosERKeE 1P FRmUihSMbIAT Xt ur es

and the process of this invention. re preferably, degree of nethacrylate

f unct i dierogelstin 81 fresengsoefta AL Ageuat of repeti veypdastigizers g Fougameabigntedisal

fungtiqQnal. gro i s .nmethacrylate. [0081 en..high-refractive inde
or ol yhey<eaft g RpTRUPRERY. Bifer oRE Phrst MR Rl B3 b Mgl
i ncr eadetlisé bEthadecrised bieBinpatibilitydichakiegeescaons abictive gRaps alThis, i omi ne) ,

and/or the sulfur content are generally effective neans well known in the
art fornpther apedygentpd the present Hvertiqn, theypobmericHyPGHRTOT Nk X WEE @QTRRIISES 23 WO

03/ 071?3%0 rﬂérlﬁﬁgﬁl rOf4(d PlaLt@cgge%] anldrbpkigﬁalﬁ{ a\e/rZoqf]}efij:tWé%ﬂlier?tnin WAiEh lymeric

precur fures may afso contain reac plfasticizets. Reactive

pl ast i prevarsr atietusdited nbtcurdie foeaath imsolubidgeal n the absenoerpf kit regtivdre
functional.ization or derivatization reaction. During the nolding and curing
opéP at PATUCEHe presence of reactive plasticizers may inprove the

processads4] ! tWhBY opRYRY LRAr ﬁl%ﬁﬁ@fa}@eﬁgsﬁ&% i ﬁ}ﬁg@%pﬁfa%d%%s)@nspﬂh@ ik RPe
m xtures. Wth respect”to the lowering of softening tenperature,
components (i.e., the prepolymers, dead polymers, the impact modifiers, non-reactive
diluents, and/or the reactive plasticizers) méy be chosen to produce the same refractive index
between the phases (iso-refractive) such that light scattering is reduced. When iso-refractive
25  components are not available, the diluents and reactive plasticizers may nonetheless act as
compatibilizers to help reduce the domain size between two immiscible polymers to below
the wavelength of light, thus producing an optically clear polymer mixture that would
otherwise have been opaque. The presence of reactive plasticizers may also in some cases
improve the adhesion between the impact modifier and the dead polymer, improving the
30  resultant mixture properties.
[0085] The reactive plasticizers can be used singly or in mixtures. The reactive functional
group may be, but is not limited to, acrylate, methacrylate, acrylic anhydride, acrylamide,
vinyl, vinyl ether, vinyl ester, vinyl halide, vinyl silane, vinyl siloxane, (meth)acrylated

silicones, vinyl heterocycles, diene, allyl and the like. Other less known but polymerizable
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reactive plasticizers are particularly useful for the precursor m xtures
for ophthalmc |lenses that do not conprise non-reactive diluents but

cont ai n twopanatay e- sensitive high-refractive index pol ymeraisSo¥me237 in one
enbodi ment of this invention, the polyneric precursor m xture conprises a

hi gh-refracti.ve index, preppl r and a reactjye .plasticgizer. re..

prefer jw‘&fm?lﬁéoupfda’bpggﬁlgg’gg&%l% B POX P ngféﬁ‘?r-d %efrlg)cfél_. uf‘%g%fw?r?ﬁcél_ofneact i ve
pl ast i GegRleh id6BYarles And 81cHRAE). IR ﬁﬁﬁ@iﬁle,eél?}!i Rohdfers hRSHel uzkd Rorea@Aet | on of
prepol ymers and/or to increase the crossl’inking density of cured noldings.
The pr @lrstigiaess & acgpidencoyith Herpgedenbiaverdionpaltfoughrafersrdeiipgadn tethesaray be
crosslinked f. r .l nsol ubl el s,. 1.0t r e Of | 1 anmount
of rea&q}l%eexbﬁgéﬁ fllélfiégt?asn.lbl &ﬁergg%g{ug‘%gﬁé%@gl a%&g’fglgl%‘?lggwoé s‘,ﬁ%ﬁe resi dual
reast i yvéadilly aH sapidly tHth e bgslicanditls Moo uri)o fipanendrizindeeneidyi stk edlighieeause  of

t he decreased bioconpatibility due to the presence of reactive groups.
Thus, hgat ipHstmesengsdicosureble 1Bitialore present invention, the pol yneric

precur i | SES ;i £ ticizer, and
bt 1 ond T St ERBRY S fRomhf AR MIRinRBY W LoRGh ABIBLEE | ire-does ot
cur e t endtisacnglatn fimtsiohallgreupgeke well khevabskconemeriallyevaibabid from SA@omer,

pl asti ¢j zer. 4 en_optically clear materials ar esired Ln

phase- 3%’@&#5@%@9@9%1&@% eVmY_L?%Fré arec%ma?r@wil X a(?l?a_é?f% g?rﬁe‘\lﬁ?cb%&sp%er s,
deagd PN IRL RadchR dIdBRAPHIEIN ChRbR cyBRALPIBAE eb¥y reinb UBRYS dicAldh@r the
reactive plasticizers) may be chosen’to produce t'he sane fefractive index

bet weenllyhmnppioasdssar¢ ayolablf frem tailargy nembér aflshemicabsuppberat Esaplgs 06 r educed.
When i so-r.efracti.ve 25 conponents are no il.abl e ..t i s and
Voact | TPt bl &2 SIRENTD &bl JbcT bl APt 88L° o

r educe [bd87] dONBERhighZEf ReivBRRTRX InfWlerialiArs dbdited, POlyATHIS plaStidiRhPiYay bbe

wavel ength of light, thus producing an optically clear polyner m xture that

woul d cBessaeggosdinghyte hawehigh seftpstive Meicepr As sigted nogvipusdy tinareasinigdhe i ci zer s

| e . : . the. | difi
s ) SRl QIR B o BN ARSIV LB e PR
[ 0085] fdteehieeagthigterditaativé Rideeppertios bEpalpackicmagkiglsor in mxtures. The

reactive functional group may be, but is not limted to, acrylate,
met hac Y9881 e In 3 prssentdy prefRrerd; cabodypeny rapatiye plascizgrs CORtAimNG asHRdE, vi nyl

ester, vl | § N s i - S : ryvl ated

sili corlll)éésﬂfi%bl{l%)@/’l dcg)g%rg}'/dgéjy/@/?s‘%lﬁ}g;%(tahﬁg,hﬁg%uleg %}egﬁgl%ﬁeélﬁiwﬁé?agfess known
but polcyneg U¥atrigge2d syWBerB8/ 071339 PCT/ US03/ 04277 functional groups can be
e oy u as oxjes .(with hardener and uret hanes .(reacti on between
" 200y R0089E * oThs HErcEBRBleSeibath ot PepinGrEs g iem GBPE Ry MsgoTeetoasl

react i we furRligsdl! il fREtforlaloPGRA HRANGBNMoh Rl dnfified BRRREmpIRY 8RbpBAtinglt hough

preference is given to those _ _
mixture of monofunctional and multi-functional reactive plasticizers will, upon

polymerization, lead to a reactive plasticizer polymer network in which the reactive
plasticizer polymer chains are crosslinked to each other (i.e., a semi-IPN). During

25  polymerization, the growing reactive plasticizer polymer chains may react with the
prepolymer to create an IPN. The reactive plasticizer and prepolymer may also graft to or
react with the dead polymer, creating a type of IPN, even if no unsaturated or other
apparently reactive entities are present within the dead polymer chains. Thus, the prepolymer
and dead polymer chains may act as crosslinking entities during cure, resulting in the

30 formation of a crosslinked reactive plasticizer polymer network even when only
monofunctional reactive plasticizers are present in the mixture with prepolymers and/or dead
polymers.
[0090] In addition to prepolymers, systems of interest to the present application may

comprise one or more substantially unreactive polymeric components, i.e., dead polymers.
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whi ch exist as |iquids at anbient tenperatures or slightly above, and which
polynerize 5 readily and rapidly with the application of a source of

pol yrer i zwog3enessygy such as light or heat in the presencecafusas/eazit abl e
initiator. [0086] Reactive nononers, oligoners, and crosslinkers that

t t th I f ti I | I, k d
Comor MR BUSPRRTE 15 PR POl e RelAEH CP R PTG " SR vi ny!

ethers a%ﬁxﬁst&rﬁfﬁ'ﬂﬁx%hﬂdflfeﬁﬁ% F@ht}@ of (RBeAY bb§ther HARbé cﬂ&ewlm Radcure
al so supplies UV curable cycloaliphatic epoxy resins. ene and

al Iyl ocerpeushdsical.ohasiaal, epfical, kndor methaniyal proptréies t@fthe mﬁl ofsmptﬂSt ers.

ot 1 cabtdh K BEpRIESS.T b B ¥ kS SR e TR AMBlesr et o a

ar esde%;ygtaels niifte beeandideted B RsdrimbdomdpRYynikas. 18 Rodrdsas arrddhdgblyniee have
high refractive indices. As stated previously, increasing the 15 aromatic,

sul f ur 15 gengradly qhaq;e@gerbe@@mpéﬁ*hle Whtﬂmpr.ee%lww the RECCHSPELIBISUE ST MGHESY - known
tech
echni %]V?east[agg%ﬁf H%s?r\étl Iﬁgocgk% {oer‘lIdItﬁ)ﬁ I)I{ fend &)@Qﬁ% gfl(r?rgl%ggdrgs (faIan%ﬁ{lI’@“ ¢

materi a erre reactrve
pl asti aefesrts tlﬁmﬂhémnddyngmaﬁstgté &vther;e thmﬁhamrcphaﬁmng therdghdipolghmer amdd/ or  vi nyl
et her noieties are found to give convenient, fast- CUI‘IJII‘gI UV-triggered

syst enmPTePOMEFTNS ahempgeneoysBIXYITE JpPEachies ¥ has Reqydfopn BeletHarsel ves,
comnpos %gglﬁéntm?/'itﬂ strietdl e arity I?ﬂonfo%hiu‘ﬁp@iksolﬁtfdn fret, 'a?&lﬁétxc%oﬁtl&eén

mul ti-functional entities. For example, Incorporating a mxture of
monof urtb¢ d@daolol)amﬁj genérally promuité comapatibdiy wltheirqnhatm prepadgmsrswirid vicepersa.

I t t t t k h th
Poant  Jrhai v drufafohERy teaialo R soffSh it artu abrp et hEssH: 6. "
sem - | FfJN)yméMla REepS B fynmE Ea@meﬂa préchﬁoﬂh%ﬁ:gCB RPEHBINE r@&%%énwu@er

pol ymer chains may react with the prepolyner to create an
reacti\bg apsuemdu igisyssema gt mmpmlgfamr trnmpa@ms@pcgrramn& eltepughifestbe with the

d I
939, DAL oSG DU Py SHE0 R IO R RS,

Thus, tmnpfaamrmbjecamﬂe@&&q)r@micmrer chai ns may act as crossl I nki ng
entities durlng cure, resulting in the 30 formation of a crosslinked

r eact i BOYAI asYeaivwhan Qb partial GostnABbik tels eRseRKehat 3ReTy terhRsiRifen theitpiire
reacti Vgﬁ H%@é&ﬁé&'l@gﬂgaﬁ Qslﬁ’%g@'%ﬂéreés@d téﬁtpeﬂtﬁﬁemgs%@@ ggfe‘?r% gggﬁé Slegd/ or

dead polyners tiron to prepoly Interest to
t he pr es slightlyEpdvatediteraperatayes. Suohpiemperatines may boslightdybsdwerdnbaddty unr eacti ve

PO e o SOTPRNET S8 SRR TP G AT SRS BT 0217
wi t houti @gdbRBuring time achieved by the process of this invention, the reactive components can
be quickly cured at the elevated temperature to “lock-in” the compatible phase-state in the
cured resin before system cool-down. Thus, phase-morphology trapping can be used to
produce an optically clear material instead of a translucent or opaque material that would
25  otherwise form upon cooling.
[0093] The phase-morphology trapping is yet another advantage presented in the current
disclosure. The production of optically clear materials notwithstanding, virtually any
thermoplastic may be used as the dead polymer for the production of morphology-trapped
materials. Thermoplastic polymers may be chosen in order to give optical clarity, high index
30  ofrefraction, low birefringence, exceptional impact resistance, thermal stability, UV
transparency or blocking, tear or puncture resistance, desired levels or porosity, desired water
content upon equilibration in saline, selective permeability to desired permeants (high oxygen
permeability, for example), resistance to deformation, low cost, or a combination of these

and/or other properties in the finished object.
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a substantial anmount of reactive groups, or the dead polynmers nmay be chosen
to inpart various chem cal, physical, optical, and/or nechanical properties
to the nowoioagsized i nterest. [0091] The dead pol yners maycCrasos/oear ,
branched, or crossli nked The sinplest of such 5 systens m ght be
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phase- rRRiae) _Ipﬁﬂycaifﬁoﬂl?@' By duboMS pofpb {inASIALA! SIgeiRE AR filor (6, e cur rent
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di scl osure. roduction of optically clear materials notw t hstandi ng,

vi rt ualof$s 6é11r9y 6/ 1t2hb1r i) Ilé)sppb'(hwuwn@s@matﬁé nqwedefé@rpmbpyﬂene #de,t he
pr oducty ,lngr[;'o Sl d’eﬂ}?% Bpe?il?gﬂn piaglg/gﬁ%gc rnﬂlse %bﬁyl(lfli d1hyﬁ d%r@tpaggﬂ ic polymers may be

chosen ino IVvEé O ari refraction, |ow

birefr |page1rmeno;g»pﬁe@hama,l mbiPadit, tFig3éted- AN gelyetHytsndlycot, abrol i, trily
transparency or bl ocki n(lg tear or_puncture resistance, desired | evel s or
pofBsi t§ira-de PPHBEPANENE 8 ycebmceﬁt, dipp 8ir» todat- 11 pRIxglyestol, ﬁolyamyh@lcofs%r ective

2o T b AT Ao s BTl i b iy e o)
ot her pxajeepf pyaling) pyinelef lmnda;ztamj pohazele; pyr@fine, pyrimidine, pyridazine, plperadlne,
azolidine, and morpholine, polycaprolactone, poly(caprolactone)diol, poly(caprolactone)triol,
poly(meth)acrylamide, poly(meth)acrylic acid, polygalacturonic acid, poly(t-butylaminoethyl
25  (meth)acrylate), poly(dimethylaminoethyl (meth)acrylate), polyethyleneimine,
polyimidazoline, polymethyl vinyl ether, polyethyl vinyl ether, polymethyl vinyl ether-co-
maleic anhydride, cellulose, cellulose acetate, cellulose nitrate, methyl cellulose, carboxy
methyl cellulose, ethyl cellulose, ethyl hydroxyethyl cellulose, hydroxybutyl cellulose,
hydroxypropyl cellulose, hydroxypropyl methyl cellulose, starch, dextran, gelatin,
30 polysaccharides/glucosides such as glucose and sucrose, polysorbate 80, zein,
polydimethylsiloxane, polydimethylsilane, polydiethoxysiloxane, polydimethylsiloxane-co-

methylphenylsiloxane, polydimethylsiloxane-co-diphenylsiloxane,

polymethylhydrosiloxane, poly(4-methylpentene-1), and cyclo-olefin copolymers such as
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WO 03/071339 PCT/ US03/04277 [0094] By way of exanple, thernoplastic
polynmers may include, but are not limted to: polystyrene,

pol yst yr ene-0s071384 hyl net hacryl ate, pol ystyrene-co-acryl orcrrish&e42pol y( a-
nmet hyl styrene), polynaleic anhydride, polystyrene-co-naleic anhydride,

(et Aot oReons 363 S0 ENgeR T EHONT i Moz, e 2 A¥ bt ny

(et h) gedophatge eﬂHQJc}Vth%d Qﬁa/o% PZS)YQI%JP Qérxl)oﬁg QWhe (aﬂ@&énﬂleﬁﬁaﬂea&)sl ers
pol y(2- hydroxyet hyl” (et h) acryl ate pol y( hydr oxypr opyl (neth)acrylate)

pol y( cyledlbilsxiyd m(:hrécdnyuadnryhlatis;clomp@ hslbmsg)mmabgﬁl dead pelymezsryl at e) ,

pol y(2 ex ) a Lat o] . yt et rahydr of ur.f ur th)acryl ate,
pol yet I@*dgeqnﬁﬁ? 9'%?%{) % Cbé%i"B%r} Sgﬁiryg’r‘?gc pb%ﬁ?@in%’fﬂ%e anp%%ﬁ Yi sobut yl ene,
pol ybuipshoBmter, al&kaﬁ%y}(rﬁer”ﬁ{dmﬁtronﬂlly @ﬂ:@&t%@lash@ﬁbﬁ/ﬁ{dm/r'aﬂﬂﬁn‘éﬁbt{v@t h)acrylic
aci d, polyethylene co- V|nyI acetate, polyethyl ene-co-vinyl alcohol,

pol yet myﬂs@mercyﬁn@t BiyEs gmenticplE pg@am@logﬁmcw imgingipereee. Apprefprably |

but yr al Cpl% lee 1%)5'%&{11 Sid pol yvi nyl val erate, polyvinyl formal,
polyetﬁﬁ |pa yethylene azel at e, pol yoct adecene- co- nalelc

anhydr I[@ila%] qune(ga‘emmamesén@a idesd lbcﬂymemnhqr@de@ylhapmlymeﬂsm copdiyihadi ene,
pol yacrylonitril e-co-nmethyl (nmeth)acrylate,

pol y( a&PyPBEing Fqlf%l%ﬁ‘&éﬂér?é‘déof ?ﬁ‘l&@)gro‘fi’é I"‘QEWI‘ BF REsvdando theaQlymefy| chi ori de,
BO }l YVi Bylipdge ?truc‘ﬁt}}a OGeg%on ?{Mg @He? %17'9 ha¥e gyé\’v'lll fnEed d@?&%ﬁ%'oﬂ?n oxi des,

yetherimde, n , 11, an
pol y( 1pdmtnnhyrhzénmtamlgatfeyrnulpmdn;sr(eeedﬂ Batr Npr ap9T, éﬁﬁamkPGTé,Pubbhbnoxy resins,

ool yai SORRRIS SHEEaRD e AR corfmirs e readbnEprbbr el o s B g1 ycol

nono-, pelcursol ﬁl'lxtureggfﬁﬁtp"r@s'ent inverd@hYpPr opyl ene glycol, nono-, di-, tri-
tetra-,... polyglycerol, polyvinyl alcohol, poly-2 or 4- V|nyI pyri di ne,

poI y- N{MSW]/I pydditadnatly rpeefemﬂ gead petymydrs are dlxase ebitaming ome Qyohgre Rendant ofes  of

R R et T X G
pol y( cmemb@eyl@teeﬁcqmldmmwﬁy{p@ﬁétﬁ}aafgmaq;)olyet lene %mydoy(dé"ﬂhm@@éytk@m de,

pol y(neth) acrylic acid, pol y?a acturoni c aci t - but yl am noet hyI 25

(met h) @Bwyﬁ%ﬁwosepmlwwhféﬁm awﬂlmgtlwrm(\ﬁ@ylw}@@py mn@) di-, tri-, tetra-,.

oL e B SRS an B MLtk i o, P oL

cel lul oﬁyﬁféfrs'i%ﬁ?lox @iehUérﬂsﬁoﬁb)@yﬂ@écﬁverﬂ&ﬁmm@ﬁﬁdv@h@éﬁwn@@ﬁ rs apet hyl
cellulose et hyl cellul ose, ethyl hydroxyethyl cellul ose, hydroxybutyl

ceP9ul else prefbyest Rigpely@ess cel | ul ose, hydroxypropyl met hyl cel | ul ose,

t h / . d
St o yosRt oy SR e S AL SRR SRR SRR HER B Uit e ose
pol ydi at bpitlisiniokanmatepialsyné ard B;sblssddoAadmoﬁﬁ)l-m@iﬁidmth pmmﬂ si | oxane,

polydlnethyIS|onan co- di phenyl si | oxape, polynethylhydr05|loxane
pol v ( 4<ARRlipeiization th ea%ﬁalyeva Hayinstude, RYOWBY Ohexempldand wihout

limitation, vinyl lactams such as N-vinyl-2-pyrrolidone, (meth)acrylamides such as N,N-

25  dimethyl(meth)acrylamide and diacetone (meth)acrylamide, vinyl acrylic acids such as
(meth)acrylic acid, acrylates and methacrylates such as 2-ethylhexyl (meth)acrylate,
cyclohexyl (meth)acrylate, methyl (meth)acrylate, isobornyl (meth)acrylate, ethoxyethyl
(meth)acrylate, methoxyethyl (meth)acrylate, methoxy triethyleneglycol (meth)acrylate,
hydroxytrimeththylene (meth)acrylate, glyceryl (meth)acrylate, dimethylamino

30 ethyl(meth)acrylate and glycidyl (meth)acrylate, styrene, and monomers/backbone units
containing quarternary ammonium salts.

[0099] The thermoplastics may optionally have small amounts of reactive entities attached

(copolymerized, grafted, or otherwise incorporated) to the polymer backbone to promote
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27 WO 03/071339 PCT/ US03/ 04277 ARTON(r) from JSR, ZEONEX(r) and ZEONOR(r)
from N ppon Zeon, and TOPAS(r) from Ticona. The ethoxyl ated and/ or

pr opoxyl aved3wer’se ons of the above-nenti oned pol yners shaChr/ishyoenbe

i ncl uded under this disclosure as being sui tabl e dead polynmers. [0095] In

one referr d enbodi ne the 0 re.curs m xt ure. .co ises a 5
or epol SHETITKNERRA ey P bt BT aaling g cRF USRI DEF ) o o

non- r eggtia¥&ficdhAskh Eér?@ﬁnaﬁ&l é‘ﬁgx&'ei’lﬁé t&?m@ﬂ%&tfc@'(é ¥, pbigaheigii@geneous
nol di ng upon cure. A preferable precursor mxture is a sem - solid. [0096]

One gr Qub'suiforps eTOéyqﬂ@d kdionch, pisl)yorethey may ba desicgiadalenpsally epcutingol yner s
conpri si sul fi nd/ aqr_ sul f rou vm i hin. .or _pendant to
t he poPy ersl I RB"&?{E‘“&?ﬂ %“'H}?l I?{a%ﬁ%}e{%yﬁﬂgys% Oér}e(r)lﬁﬁé have shown
r Edﬂce%aﬂf&&&icﬂn@dﬁl@é PE1heR8 exdinpl€041Y @BE mediko HAMIAE §cope Bﬁccfrﬁ)[Bdﬁﬂoalkl ons (see
US Pat. No. 6,107,365 and PCT Publ. No. W00/ 02937?l These pol yners and

copol yRessibladuringtig Pr%ﬁtlpﬁ@fﬁlﬁGwa‘?@dﬂ‘ieﬁilen,tbr‘ﬂéﬂﬁfﬁl)ﬂ?el Ipgtratgythebgeaslor ni xt ur es
of t hesﬁ&fﬁ?o%q)tf tﬁé?n\ﬁ%gfakt?@chelrgagz; n%é?-lqlﬁ'téd' &ﬁ%&% ngsg %Irgcﬁq flead pol ynmers are

t hose contal nin roxy gr oups.

Exanpl ¢&100] sm:llm pleéeﬁﬂﬁllVSntldm;thedﬁanmb yshmnmomyh;dppmgnehdst)lamtqdl tat e,
pol yhydr oxypr opyl acr | at e, yet hyl ene gl ycol, ceIIquse dextran,

gl ucoséon@a@wag%sysmsy@mw Fé‘%ﬁﬁé‘leﬂt EJ@F%?H?W %’SE?B‘S\,‘PW Isop&ohol | mono-,
di 19 1 bbnefictdly" feparcd by 1B9fuﬁ&'g%%§péeﬁat&f]go AEETS pod Eﬂﬁépﬁﬁbﬁgﬁ@ e wth

C2_6 alkane dirals and triols.” Copolyners, ethoxy Iate and propoxyl at ed
ver si onsxtofe, bhe nabmvaaofmad poiryedrqmid)prmoé}mcm in ﬂﬁ sater. dmeharelvauj

RGeS ety R A R AT P BT o
di scl osggkh Mﬁiﬂléﬂs%alk a ﬂﬂﬁi&eﬂ¥ e§ @y REwech AROPNAIBY, h &Rbl piHt REulthgoread

pol ymers may include, by way of exanple and wt hout limtation, Vi nyl
| act amsung; bimganly, Wlwylarzaopyc plabticionnds actd@ét\ﬁi)l@lwlmea(ﬁ)@esltmeﬁs% N N 25

th r d| aceto nmet hxacr I|c
2cihs SRRER AT X DR AT REE G3) AL hARlPE B bop a2
2- et hykingixy |to {haedhthadead }ﬂﬂﬁner 1BIKEUre, f’tﬁ@‘lydr pafteldo)ragilty |uPb1€curﬁ'@t hyl
(meth)acrylate, isobornyl (neth)acrylate, ethoxyeth met h) acryl at e,

met hox et velyevhgtbe W&fl&e Plrgtaiesk Joes ot PAILER et@¢1§e<mally wetteradicyl at e,
DY o PR, B LAl S R B,
and norerefradthedhdansd onaif the phades aiayi b@galtqmarbtyappaipylaamﬁomie ofitieglolyiner[ 0099]
at ?%E: Eg&%gmggg tlocgslven?}/esulﬁ)a;[nlt %garlelfrxctﬂl%\{l%xtsurrrglguc}?rql%%{;)ﬁl?atlons rrn%? CE:I ve entities
advantageously carried out in accordance with the present invention in order to realize
heretofore-unattainable properties (i.e., simultaneous mechanical, optical, and processing
properties) for a given material system.
[0101] With respect to the trapping of phase-separated morphology, one preferred
25  embodiment uses the phase-separated polymeric precursor mixture comprising a prepolymer,
a dead polymer, and optionally a reactive plasticizer and/or a non-reactive plasticizer, which
upon cure produces a phase-separated iso-refractive molding. More preferably, the precursor
mixture is a semi-solid. Most preferably, the precursor mixture is a semi-solid which has a
high refractive index.
30 [0102] The phase-morphology trapping of the present invention is not restricted to the
optically clear systems. In fact, the invention is applicable to virtually any morphologies
which can be created in the polymeric precursor mixtures of this invention. Most polymer

blends and block copolymers, and many other copolymers, result in phase-separated systems,

providing an abundance of phase configurations to be exploited by the materials designer.
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(copol yneri zed, grafted, or otherw se incorporated) to the polynmer backbone
to pronote 28 WD 03/071339 PCT/ US03/ 04277 crosslinking upon cure. They may
be anor plwog3/0%es? -crystalline, or crystalline. They nay PpPog/ushaserfi ed as
hi gh perfornmance engi neering thernoplastics (e.g., polyether im des,

ol ysul_f ones | yet her, ket one etc.), or the be bi.odegr adahl s
Dot o aFepee it ASO R b Sely Bhnd twsr g mire neD e s e et Rello W
exanpl %)esiraﬂlﬁi’leéfﬁﬁi_c?l?pr@%é'&%raﬂ AvE mateARGYORR iFor bXarislk Uhpactih&fifle@xanpl es
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sel ection of, t her | astic.chemstries permtted r .t esent

ai sc od PSPl G o TP HESis R ¢ Emip e seert P AP AR ogy
trappi Rgsin. SInRhctice/ButeHleh@s mB P BO GRS Xk F8olvelt daceblbydst ARSI ent
phase-separated systens may al so be 10 beneficially prepared béslncludlng a
phase- bignds fuelgcs medifisptiancgrpiis ocpasignsl gras (IPNs.apethpneshemigal blgnds)). of a

m xt ur I . ' . event,
conpatﬁg%%fﬁﬁgg?@%%?@ﬁ%@ygﬂggﬁggﬁ%ﬁ%EE%éwﬁéﬁE$%%%¥$%%£hgégﬁﬁ%a%6n-reactive
di | uentardhteatdebad thenpulgiegatht iblendnisay resiét ih migpuresdongirsing v adrhyatibét ween t he
phases, a.clear part results upon ﬁuri ng. S"m | arl.y, when a reactive

pl ast i @n9 HlcompatiiaAnQTARQUS, smifaystigline rarystaliipheonsi@ens. 15 appr oxi mat el y

eqygl | eroﬂﬁfi""eﬁl% ;;h?gcﬁ%%ﬁge&ém ORineAasAddnifianhy Ei{@sihﬁ!ﬁ’eeéfr dRlePQhy T i Zi Ng

simlar to that of the dead polymer m xture, a clear part also results upon
cur i ng mayAixhennantirelug, disdrete/didventimmos,iand/op beentirnione modptedogies Spmeift i on

itself equall. e en. t hases and does no ess a.refractive index
upon cdieh g iass e flloyBng FEm AR, stives Ol phaRR Rt iFHRAT: of one o
the ph_%?ﬁme&!@afﬁ}ﬁséi dispesbdni pRie NP RAteRbAnERA §8n@drs;1d8erB® b} ORinuds, _

conposition to give a resultant iso-refractive m xture. Such mani pul ati ons

may be doubieainragueiontsrapnaeated @dindens of nhased on plzase &l (ab havetteen doeteanted fevent i on
'n 1 r d%{ar-tsﬁapre(dat%!lolcﬁlec?pckalﬁl([jn%%s ;f ?téegfsaﬂrnlglie}ngelrllgg g‘!rvgla'g{%(%%? %&r'f—%l&k'cﬁp@éﬁj olg][ aneous

a
mechani cal’, opti Ca oC I'n or a give

syst emnedryl bl Waihlehgihpaitigs formiiRg néstaiipharticad Shabl as epifetf) phadeadtHi®aphol ogy,
one preferred 25 enbodi nent uses the phase-separate Polyneric precur sor

mi xt ur ®haspithis pphase (FARDand ABS); and syaultansensyrlfiples afithspt merdplogies r eact i ve

pl asti ¢j < ' LG Lich: reduces a
Phase. asoningidn fe AaBRMNhAREL Y Budlt A3%kfich Thom LB MRl VS AL D

m Xt ur es sginada dadong@kitidn nidzhanipne)f knafidsyof phiwe sppaatiors and mektods ef | S a
sené-soLid whi ch has. a _hi refractive index. 30 [0102] The

phé¥e- FYKPSoPNbRALioRs H§™®F the present invention is not restricted to the

gﬁty i ﬁﬁ'}%ﬁ{;‘ Lgi%éostﬁéf%ég&y Jfndt@%ls ufilfRs HAYERIPI Rk kBisRRRICRIMEId.g Virtually

polymer or prepolymer. An exemplary thermoplastic elastomer is a tri-block copolymer of
the general structure “A-B-A”, where A is a thermoplastic rigid polymer (i.e., having a glass
transition temperature above ambient) and B is an elastomeric (rubbery) polymer (glass

25  transition temperature below ambient). In the pure state, ABA forms a microphase-separated
or nanophase-separated morphology. This morphology consists of rigid glassy polymer
regions (A) connected and surrounded by rubbery chains (B), or occlusions of the rubbery
phase (B) surrounded by a glassy (A) continuous phase. Depending on the relative amounts
of (A) and (B) in the polymer, the shape or configuration of the polymer chain (i.e., linear,

30  branched, star-shaped, asymmetrical star-shaped, etc.), and the processing conditions used,
alternating lamellae, semi-continuous rods, or other phase-domain structures may be
observed in thermoplastic elastomer materials. Under certain compositional and processing

conditions, the morphology is such that the relevant domain size is smaller than the

wavelength of visible light. Hence, parts made of such ABA copolymers can be transparent
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whi ch can be created in the polyneric precursor mxtures of this invention.
Most pol yner bl ends and bl ock copol yners, and many ot her copol yners,
result i rwphaserssepar ated systens, providi ng an abundancecwofuspheager
configurations to be exploited by the materials designer. 29 WD 03/071339

PCT/ US03/ 04277 bl d by ph L]
pol yoRE AR HehGe TP B PR B Ao SR aD. B RUPFL U i o

given r&ép%me@suﬁﬁra%tte MosEBf cANRATMRI ribBRARHcaARALk] it mow(zié&uarlﬂomalsm@w y
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copol yners. Depending on the chem cal structure, nolecul e size, and
nol eculMgny heridibiack or dridlockisandidatomare knowvp.esugh éﬁpplv&@pom@ml ®n ni xtures

o0 ot y BRI hRREPS NS ant Bl BERERE' SES Spd ARROPOAIS IR, SERS) 2, 1 e
phase desmelhknowy bﬁ)dabmﬂoea Kiratow Rpllyeders mesmﬁylwrmm)t [odRfvint’aUOUS,

di screte/ di scontl§ %xs and/ or bi continuous norphol ogi es. Sone of these
are il IlutRaRg 2ls9 2 %Ckf‘iS’PP]d\‘iﬂeﬁg exanpl es: spheres of phase | dispersed in
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of phaseacdptmnalbhamcﬂ ﬂes(saat ymmbabm nigchamateectied. The theanoplhsiiped bl ock

| Lternat | arel | || - kg for di-bl.ock | f
neonrly Ester i e Mot o icellY srong ke R b e g GyenCigR X or ° ©
spi ral §emphraeRe ;yvo&é“sgmg@,t P R ko IMing hiJPorfc A g SsuChteRp eddiGreARSuati gt ead

7 Do

si mul taneous nul tiples of these norphologies resulting fromthe

thermd)d«ydamﬁr@@nelﬂypmﬁé@éc §bfp'akmQTGMaFPQIbPWSnJMC@?QHO@ﬁn%mdf@}HW\bh as vveldl as
oo BSOTLER AR AR Py BRSO S B,

mat er i alisbety hdtivolg but wih Iﬂ&lﬁtﬁ\&,&;)t lo(W SriakigReitheraasd. Whele@@rmeslhstiger or
prepol yner. An exenplary thernoplastic elastoner is a tri-block copol yner

of thélaé@m?t’%(l es et peymershapl wepolmélfS@ri\mvseddos%@rrmérr%tesdéo frgi d pol yner

.e., I rfg 0s Bis an
eI ast or?gfe}ﬂcg%r %’%‘5?’3‘? the 'y rrelrc%lg{bggg rlt@% \g{r%fs? f'?&%\é? errper g@)m %I ow
anbl enhmpadtneﬁhmtrpmm;&mésawmle é»Bﬂbntmg nalatévely littlo phaexgs dpangieel Bor

phase-s arat ed. nor phol o s nor phol o consists of rigid glassy
E rre%‘mh’aéb Sianf Al %mﬁ@ép%cgwfr@&}r? 88%@8%@“?%&%/5 Rk PREn (B), or

OCC| usi;der® bbb REARRG pYastiBRES %a@@so%ﬁﬁ&ﬂt’i@ﬂg ?kgﬁlﬁiku(%:l)e ti nuous
phase. Dependi'ng on the relative anounts of I n tthe pol yner,
t he shapé toachoyefsemirselid emsisfenchel qadhq/smtemsmtmr(mg ﬁlermd)plﬂfélarelastomers
the impact strength may be increased further by compression molding the precursor mixtures
prior to curing.
25 [0106] Depending on the nature of the prepolymers, dead polymers, diluents and/or
reactive plasticizers used in the formulation, the final cured resin may be more flexible or less
flexible (alternatively, harder or softer) than the dead polymer. Composite articles exhibiting
exceptional toughness may be fabricated by using a thermoplastic elastomer which itself
contains polymerizable groups along the polymer chain. A preferred composition in this
30 regard would be SBS tri-block or star-shaped copolymers, for example, in which the reactive
plasticizer is believed to crosslink lightly with the unsaturated groups in the butadiene
segments of the SBS polymer. The final cured moldings which contain these polymers also

show good scratch resistance and solvent resistance because the cured moldings comprise the

crosslinked network of prepolymers and dead polymers.
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in either case. Wien thernopl astic elastoners (i.e., dead polyners) and
pr epol y%ndzn@ratf)@quﬂlxebloqtdde ke¥ and react ed to forma cured resin, however,

th f onpasi perior shoc

bt 100068 o TR ROt Pr BEHARER ofili o, s ST IEROLT 5 A wremithkage
dUl" ng sgtém coﬁ)prlzﬂ alwwmé@§t@mm1astic%ler irﬁl&irﬁﬁ)ﬁﬂgea feactfveact ure or
shatteri ng upon bel ng struck by an incident object. Reactive plasticizers

may al $ips @Z?rrﬂ’élld{ﬁ)d@dloﬂﬂewldﬁétaétl‘éieéé"élﬁ@hﬂkﬁ%g?ufﬁe%r@@il@ﬁ an gpdcally cigehi eve
sem - 5%&& &Bgﬁteﬁﬁé‘d‘%act'f\% mBlIaﬁﬁs X\ﬁ&%g‘ﬁef&%{}ggﬁg éﬁ&f e ﬂ]rg!r?t%t ARl sEmj-

el asto act strengt e I nc y conpr essi on
nmol di ngolhdheMpsteprufes:{bﬂy,mhe(prucwsor mpiktudé istacsemivsblid)whith Hab 2 B6dh ®&paidi ng on t he
naégre.o t he prepol yners, dead pol yners, diluents and/or reactive

ti &#%%%rs used in the fornulation, the final cured resin may be nore

Fl exi b [6119] |Whsn atéﬁ&t&f R faBlil A 15U lckpec iy AEboint SAdiidnN Aipht he dead

pol yrrer Conposite articles exhibiting
refractive index polymers may be used as one or more of the dead-polymer components.

Examples of such polymers include polycarbonates and halogenated and/or sulfonated
polycarbonates, polystyrenes and halogenated and/or sulfonated polystyrenes, polystyrene-

25  polybutadiene block copolymers and their hydrogenated, sulfonated, and/or halogenated
versions (all of which may be linear, branched, star-shaped, or non-symmetrically branched
or star-shaped, etc.), polystyrene-polyisoprene block copolymers and their hydrogenated,
sulfonated and/or halogenated versions (including the linear, branched, star-shaped, and non-
symmetrical branched and star-shaped variations, etc.), polyethylene or polybutylene

30 terephthalates (or other variations thereof), poly(pentabromophenyl (meth)acrylate),
polyvinyl carbazole, polyvinyl naphthalene, poly vinyl biphenyl, polynaphthyl
(meth)acrylate, polyvinyl thiophene, polysulfones, polyphenylene sulfides or oxides,

polyphosphine oxides or phosphine oxide-containing polyethers, urea-, phenol-, or naphthyl-

32



exceptional toughness may be fabricated by using a thernoplastic el astoner
which itself contains polynerizable groups along the polyner chain. A
preferredwoaspositi on in this 30 regard woul d be SBS tri - picaakso®o4277

st ar - shaped copol yners, for exarrpl e, in which the reactive plasticizer is
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reacti VB Pr'8Sticizer, their densities are | ess than about 1.2 g/cc, and

nore typiAl | OnahRbEditeft FhECprocekss of ht PPkentineidih @oneetHoLkhrRRtepdf 1)t hi s

i nvention, the precursor nmxture is a phase-separated system conprising a
pr epol ypeBfmergation Pirbsctieudlicatiomperdspintizatipn a@éﬁs)m@édlng/ and ewhgt Pobymeric

pl agti ¢j cyr 1 es an

opte11 ?ca r%/C%E Oggﬂ)(ta%ﬁ %ﬁggﬁ%raé { ?ds?llg?l?% Sﬁéc%szHlCEanﬁ%eS lﬁn‘%}zeﬁgr abl y,

t he pr eadfsetiondlihtidreor dfrl&aﬁmﬂibn s&ps.i The M&hu@s@fr@i’e@&bﬁﬁhlsﬁh&nﬂbﬁ@” sor
m xture is a sem-solid which has a high refractive 20 index. [01101 When
the m geeRuanicahesausts elimHpmss the C%Iyééeﬁéé’f iplajion apdracavary @6 REPRIYFSES on, hi gh

o s or o L IR R0, 50 A8 ey e ool v
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o AP 0o RO hEaR S oERRY" 2 e Bl ock
[0114] In the polymerization step, the polymerization catalyst can be a thermal initiator
which generates free radicals at moderately elevated temperatures. Thermal initiators such as
lauryl peroxide, benzoyl peroxide, dicumyl peroxide, t-butyl hydroperoxide,
azobisisobutyronitrile (AIBN), potassium or ammonium persulfate, for example, are well
25  known and are available from chemical suppliers such as Aldrich. Photoinitiators may be
used in place of or in combination with one or more thermal initiators so that the
polymerization reaction may be triggered by a source of actinic or ionic radiation. Photo-
initiators such as the Irgacure® and Darocur® series are well-known and commercially
available from Ciba Geigy, as is the Esacure® series from Sartomer. Examples of
30  photoinitiator systems are bis(2,6-dimethoxybenzoyl)-2,4,4-trimethylpentyl phosphine oxide,
benzoin methyl ether, 1-hydroxycyclohexyl phenyl ketone, 2-hydroxy-2-methyl-1-
phenylpropane-1-one (sold under the Tradename DAROCUR 1173 by Ciba Specialty

Chemicals), and 4,4’-azobis (4-cyano valeric acid), available from Aldrich Chemicals. For a
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versions (all of which may be |inear, branched, star-shaped, or
non-symmetrically branched or star-shaped, etc.), polystyrene-polyisoprene
bl ock copwbys®rsiand their hydrogenated, sulfonated and/ ecthsbagenat ed
versions (including the |linear, branched, star-shaped, and non- synmetri cal

branched. and star-shaped yvariations, etc.),.  po hyl ene ol ybutyl ene 30
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(et h) ags ysate)  wilbp ved vtk aagpazol e, pol yvinyl napht hal ene, poly vinyl
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oxi de- cont.ai ni n ol yet her r ea- henol -,  ar ht hyl 32 W0.03/ 071339
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br o1 nageRmPInafitatiodne deri PAIMGRNQBY. | Preferre@koReiits @fdat4tié 881€dnts which can
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(especi: - ] ! r ] I ctive-
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pol ymemaldimgs exhilkit littkdinghchange in the evludendict yquikindtioresi giysiotegidabsaltypact are
properties especially preferred for ophthalmc |enses as they enable the
productsP¥HOBY ultra thin, 1ightwei ght eyeglass |enses, which are desirable
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pol ynmeri zation, 2) functionalization or derivatization, and 3) nolding and

cur i ng provenseradisplyents slipinagesros arinimizesthe foramatiopp biselubielgplstdyeing gist i nuous
Prgge prloyz\yhéllge%}% at?@r{ﬁ%%c'gtfo%c?&%a 1?1 I% ﬁ%t th&ibntl %éléj i rtat{icﬁrlp z\llc:)lﬁéltgkg ﬂglﬁtrs ia]sso

deriv 1 on con uous process o

economiagedit theeaissel dftregllnanimpiritesbyevasition atvapsunotiistidgicatdfeptend recovery
of prepolyners. . The present process also elimnates the m xing of
pr epol YHRSIONHiZaHoy e pol yners, non- reactive plasticizers, and/or reactive

| asti Gi S, i CF I . hi atures
\R/n er eI ﬁ?}léﬁgi e gPrugﬁ’acg ﬂ|?(())r¥1)(f) %tﬁ g B g@% thsﬁ?es c %réregg ﬂ% pg&rjjc%)el%%téﬁi’ IGF%BI Jl_) %for% ﬁ% )
pol ynerfuradiohdizatdepan bbeclpetedrigrdonedntionalantthddss exabgpledos vehitthaenal i niti at or

whi.ch generates free r.adicals at noderately e|l evated tenperatures. Thermal
D atorer s vartm AT e By rSER AR €48 AR A AIE BP B e

t-but Y|ﬁltl?é(tﬂfn(?ﬁl%[&Mg@ﬁicrofﬁﬁ@@érﬂo@%%é’ﬁeﬁ’ﬁHlﬁtieé nd drBkratiBR IR RIVEN OF

ammoni um persul fate, for exanple, are we
material below a particular molecular weight that is determined by the selection of the

utlrafiltration membrane.
[0118] An example of an ultrafiltration process is that disclosed in United States Patent No.
25 6,072,020 (Arcella et al., June 6, 2000), incorporated herein by reference. According to such
a process, the polymer after functionalization and still dissolved in the solvent in which
functionalization has been performed is filtered by semi-permeable membranes with pores in
the range of 0.05 micron to 0.5 micron, followed by a second stage filtration using
membranes with pores with a molecular weight limit of 5-500 kDa. The second stage
30 filtration is performed under a gradient of a second volatile solvent such as ethanol or
methanol. Displacement of all of the first solvent by the second solvent may involve six
volumes of the second solvent relative to the initial volume of the first solvent. The non-
aqueous diluent can then be added and the solvent removed by reduced pressure evaporation

to give the composition ready for casting and curing.
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25 known and are available from chem cal suppliers such as A drich.
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a source of actinic or ionic radiation. Photo- initiators such as the
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degrades polyners. I'n addition, for the nmononer m xtures that contain
rml ti f @ecardioglyl Hopevareple, the ﬁ@ctlwaé@@tmemtlomf\hﬁdwsyléIbb'rrrmqthztceﬁhmr m ni m zes
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r ermval[om‘l] r emeqmtess amué bfdsest 1@%na5ﬂwaaﬁdm1wsemwmwoﬁig tht adrhion after
the functionalization st eg [0117] Purification of the polyner at any
stage &¢lid n@cw%@g@um wa cen@whemwﬁén%mvewoagners ﬁ\!ﬁ%’%sl tb%hlghz ation, can
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vacuum st| Rutm ryl ng. cation can i eved
by fi Isemasolmrpremunsﬁrmdxmgesmr@ olthinkd babiendingprepoipnes pad tdactivegilassicerh,
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i MigmeAtien hagtoRe pedaut athigh tengerties (48 3bove ) Whergdhtor ane.

degradation of polymers becomes a problem. In the present invention, the semi-solid
precursor mixtures are obtained at moderate temperatures, preferably at temperatures below
150 °C and more preferably below 100 °C.
[0122] Upon completing the functionalization or derivatization reaction, an initiator or
25  polymerization catalyst is also typically added into the polymeric precursor mixture in order
to facilitate curing upon exposure of the precursor mixture to a source of polymerizing energy
such as light or heat. Optionally, other additives may be included in the precursor mixtures
such as mold release agents, preservative agents, pigments, dyes including photochromic
dyes, organic or inorganic fibrous or particulate reinforcing or extending fillers, thixotropic
30  agents, indicators, inhibitors or stabilizers (weathering or non-yellowing agents), UV
absorbers, surfactants, flow aids, chain transfer agents, foaming agents, porosity modifiers,
and the like. The initiator and other optional additives may be dissolved or dispersed in the

reactive plasticizer and/or diluent component prior to combining with the dead polymer
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[0118] An exanple of an ultrafiltration process is that disclosed in United
States Patent No. 25 6,072,020 (Arcella et al., June 6, 2000),
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after functionalizati on and still dissolved in the solvent in which

functionalization has een erfor s. filter sem. abl e

rerbr adBUCPEROBIED e EPBIRtsel P oD ST HALs BHIYE BrS BRERGIE. T of I oved
by a S%%%Qerﬁst&g-%omr{t&aatl on using nenbranes with pores with a nol ecul ar
wei ght Ii'rmt of 500 kDa. The second stage 30 filtration is perfornmed

under eiOlgﬁlduMtthmmméucgeomﬁdplwtbalauc h@ldmgwémcrmwn@glaemﬁlammmg met hanol .
D spl ac i.rst solvent .b second sol i nvol ve
ol vaiRes a phPissicBaechiiir ruf Ot SRRy e BV oRe: SERE e " he
first S@Jéﬁﬁﬂﬁ are (A& thOpreci@safibtsurd Mudeby hahddhehERR 1o saffidasht dé'gded fipviang vent
removed by reduced pressure evaporation to give the conposition ready for

cast i ndorenticelMarity upgucwsgs tay by yestgrqﬂmanQdSPf)u@WgOI{lg)&mgljymeﬁzmrf@ present
t di t
e SEfioh UEof BOSRPIUBRL P AR L 30 Bfc R Rk LR 8PS Ay TR U 2t 2

and/ or pafytrmrlzatldm%trfg.gaﬁmg maaﬁanzsat iaad, foesdihiloiid pﬁ&uﬁsbﬁst dolt fearixaus b)yhibit he
dead pol yners_ may be advantaqeously utiljzed to pr.oduce desired

mor pho|ac§5mé§0hwnéﬁtea@péwal% BRSSO AP FABITAFHHTIBRAIEESSHEY of t he

reagti on,§iQE MY AblaR ra%e! | as on the processing conditions such as
tenperatures, pressures, and m xing conditions. The conpositions of

reacti qo12#4ddi Hlecshaﬁlgelid prectrser mataoals ofithe pocsestdsyerfion mayiln: advantpgeoodys of

rmy be RH0e HesevBg AETeet FildRe R Re e kot GG S S G b o o
the reagt Forne 'leasta%bz%ﬁn %cMﬁTqué’sﬂ%@&rthéﬁx‘bﬁﬁﬁg’ﬂlﬂﬁteﬂﬁﬁﬁ?}lﬁ&&ibétﬂ/e%xlﬂﬁzv&ur rent
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sen), - ur sor xt ures are ohtai ned by bl ending prepo]yners and
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a problem In the present invention, the sem-so
controlled mold halves, the material being optlonally cured while in the mold, then being

ejected from the mold halves with a subsequent shaping and or curing step if needed (if the
semi-solid is not cured or only partially cured in the injection molding machine).

25 [0125] Such processes without curing or with only partial curing in the mold are suitable
for the production of preforms as long as the preforms maintain semi-solid consistency. The
preforms may take the form of slabs, disks, balls, or sheets, for example, which can be later
used in a static casting or compression molding process with curing to manufacture the final
objects of interest. For the production of ophthalmic lenses, static casting, compression, and

30  injection molding are all preferred processes because of their current prevalence in the art
with either unreactive thermoplastic materials (injection and compression molding) or
reactive precursors in a liquid state (static casting).

[0126] The following examples are offered as illustration and are not intended to limit the

scope of the invention.
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precursor mxtures are obtained at noderate tenperatures, preferably at
tenperatures below 150 C and nore preferably below 100 C. [0122] Upon
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advant agtelyst | The sobitodvdsystized &rdR houfsitecemy onothd fungtioralizatiepueesctival in- known

ang.co I racticed in.the art. For. .ex I tatic sti t echni ques,
s o PVRSbe GFRG Vo BB At Roug Yets nBbo TR GepaBr SankPiic, Mhandhe o o
then c Ic@ﬁlﬁrbtibﬁ ofl fricienAiRati 61 REdIRdN, CE1NiTE YcMbhedhd rosilled] Imp@rhtiddeseré he 15

nol di ng shape to be produced, are well-known in the field of ophthalmc

| ens preyaeadborevap®ason pipyaceys ditidlatiosstorgive a Rplymen¢ puegUBoYmMiIMurE97, 266, and
4, 347, Ll ' L9 Lg i\gue t | d hal ves
o agsouprrd SHC R0 SRTRA BRI, ARl SR AR AR RO R i i ¢
one aneé¢shiting haedsfvwase Hgdy eiscomy [euidseat sslid, babhgiogar e wel I - known in the
field of thermoplastic nolding. Injection nolding iis another technique that

may020 (% ddp s cxBrplasiee fpramiationnissenre wehe raplionympriwe srR Be varider i al s
of the fRRETE R %6 W2 MWhen the acetone concentration was higher than 80 wt%, the

pHEMA-co-MAA copolymer precipitated during polymerization. When the acetone
concentration was below 10 wt%, significant gellation occurred. The gellation is caused by
the crosslinking of copolymer due to the small amount of difunctional monomer present in
25 HEMA as impurities. The properties of the precursor mixtures can be varied by variations in
the choice of solvent, solvent concentration, reaction time, reaction temperature, and
concentration of diluents.
[0130] The degree of functionalization can be readily varied by adjusting the amount of
MA added to the reaction mixture as a functionalizing agent. While keeping the amounts of
30 HEMA and MAA unchanged, various pHEMA-co-MAA copolymers with functionalities
from 0.3 to 5 % have also been synthesized according to the procedure described above by

adjusting the amount of MA. Using suitable substituting agents, other types of reactive
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where the sem-solid material can be rapidly forced into a cavity defined
by two tenperature- controlled nold halves, the material being optionally
cured whiwe msn7t3he nol d, then being ejected fromthe nol ecralse®ss2daith a
subsequent shaping and or curing step if needed (if the sem-solid is not
cured or only partjally cured in.the injecti.on | di ng machi ne 25 [0125]
Such prgb%’é’ééég"Wrﬁ’hﬁfh‘l"}/dc'ﬂ?%?ﬁy]&m“%ﬁ)mﬁy W%&F?%eg&&ﬁeﬁa&f%n? hg mol d are
sui t ablgreNi&Lct g Lr oduction of preforns as long as the preforns maintain
seni-sglid consi stency. The prefornms may take the form of slabs, disks,
balls, or sheets, for exanple, which can be |ater wused in a static casting
or conpression molding process w LRk ANipj R t 0 manufacture the final
objects of interest. For the production of ophthalmc |enses, static

casting, conpression, and 30 injection nolding are all preferred processes
becausd0¥1]t hisireactiom vessel idensigall tetlaa of Bxampledrwas chiarded evithhky g ohPBad00lve

h | . ; pve . : di .
br et ur 00 18 200 R P e piaPlrE s B rSTRR G RTB RoB Sl s o ng ©
exanpl eEMne 09f fesfad ARS ahd I 515 GHAIBN. aTigt Ab@ue Glasithdngiiglesdl With hitfdigén t he

scope of the invention. 36 WD 03/071339 PCT/ USQ3/ 04277 EXAMPLE | [0127] A
t enper athilestigdig fos PPRIEXIIEGEl LS frontes N exts the splubiem Wapaawily hepted to gad nomet er

condenser. n itE i nl et s char,ged .w.1t pol vet hyl ene gl ycol
nawi no R0 L0 AR AU 288 chl R B M et e L

non- r eagdctive niddNmy @lcadakéseludiink pe1Yimcpizatish, 2n &y B adBarhSstRIs &5 adl Motaat i | e
solvent. The m xture was stirred for a few m nutes before adding 10 g of

2- A dr eRlyertg thevsastipnrpedive dupripp/pplynerizaion tefensise Higcoyipletioadif thq MAA) ,  and
12 ny i Sis i 10 | initiatarin J ixture was
then-pursag Al Rth O Blghink et <Rl e O, Sk by 10 SUPAIoH NS, T

m nut esurthdd haddd (bhke sattitn mixtwaafted aislhpuh fainatle startafigolyaichizaionadadion60C f or
2 hours to carr ut 10 polynerization., After pqlynerization, a clear and
hi ghl'y 04 §€<§Bgn$ii1§l& of acetens wgwlﬁwef?%ﬁ to HWPE@'@F aj{gis2 RRHREam thAtapioft ur e was
t hen aggbgﬂxggﬁglto roomtenperature and 0.21 g of nethacrylic anhydride
(™A s’injected as a functionalizing agent. The reacti on between the
hydf ox 0133 HEf pohyndvikap oo deedscisgmomixdure ouss kkyolad downto toenpemaeatee w t hout
using a alys The s ti.0n stirred fqr 12 hours .to_.carry out the
Funct1 GRAPFZ2Y S MA 36 et 1o iipEhaE ke pbdt iSO RaER i 1e TiIBs wor e
i nt r odugRd o@NthE MghcABhM IR oPREKRAN Find0GolbhiR ac&ORPLRE leQBu impurities were
functionalization reaction, volatile acetone and residual inpurities were

r enov ederpgvashtapwmcnamahistidletiomcuum di stillation to give a pol ymeric precursor
m xture conprising PEG 400 and net hacryl ate-functi onal i zed pHEMA- co- MAA

copol yner. The
EXAMPLE 3

20 [0133] A copolymer pHEMA-co-MAA was synthesized according to the procedure
described in Example 1. After polymerization, 0.18 g of glycidyl methacrylate was injected
as a functionalizing agent into the reaction mixture and the functionalization reaction was
carried out at room temperature for 24 hours under vigorous stirring. The volatile solvent and
residual impurities were then removed by vacuum distillation. The resulting precursor

25  mixture was a clear semi-solid that is suitable for biomedical products and devices which

require minimum purification step prior to their intended use.

EXAMPLE 4

[0134] The reaction vessel was charged with 10 g of PEG 400 and 20 g of acetone. The
mixture was stirred for a few minutes before adding 10 g of HEMA, 0.15 g of MAA, and 10
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resulting material was a highly viscous |liquid, sem-solid, or hydrogel. 20
[0129] In this exanple, the concentration of acetone in the reaction

m xture caowed7sasied from10 ww%to 80 w % Wien the aceCaneso03/04277
concentration was higher than 80 W% the pHEMA-co-MAA copol yner
precipitated ring polynmerization. \Wen the acetgne .concentrati.on was

bel ow W%qu\gl 5'151?5?5‘%%% » BB FIAgHO IR VST Eof L B‘I‘rffgetdilﬂﬁogeé”’g& sed by
the crgsldghs zﬂﬂ)_r&acimﬁf}ﬁpi ¥ ARfutébY eTHeQofulien iR tlenaBp hetbd i dndnct i onal
nmonomer present in 25 HEMA as inpurities. The properties of the precursor

m xt ur esictamed et 60a7Q foal 2thpuvsivicatry onspdlymertizetionh dificepolymeniationt 3 clsal vent

concentr.ation, reaction.tine, reaction te rature,, an concentration of
di | uen_tr%‘?‘tu[r‘i)‘f%?btqiﬁéé WB&IE‘é%as@fh‘g Pfé’f%CB‘l‘FalI‘qq’E‘gtsFlaﬁs@% Of)gydrrg%t i ﬁge varied by
adj §st ifiGntH @800 d¥n to¥hoRdeferh@rd &1 0. 2R bE R ]Wa%(g ERe@STHR solution

functionalizing agent. Wiile keeping the anounts of 30 HEMA and MAA
unchanged stired foog hokENAcawy MAhe bpotignmbization rebctfonutinwediicing reactiveom 0. 3 to

5 % have al sq. been t hesi zed accordi to th rocedure descri bed above
R B TR A I R R R S A el
types @éactibRGiphe®idifialdPsibd 42 1REITHRE/1BBASARGTUR 197N WRRGACWRE &x3(y| at e

and net hacryl am de) may al so be introduced to the backbone of

pHEMA- s priaed witatim solutiongt 3 1t7pwith aespecd to thedetel mpaemer eoatent. oFipdht of

Ex I . [ i th : acetone. The
mabur gm\i]ﬁé‘ga%teﬁ’ggé’g‘? Siréfugﬂ \?‘v“%ﬁérjnﬁvtelfég’sl§ g‘&é?%ﬁ%%ﬁ%ﬁﬁﬁlagg%f HEMA, 0.21 g
of MAA[0ES] Ideprpdiaf oAltidNeadiiva cvnditions thagsilliegpleuiigedmistiird was bhdgeén whil e
stirring for_ approximately 15 m nutes. Next, the solution was slowy heated
to and VI%Qa%lfoailfﬁéemeﬁphéoor@fimg%cqp&%g@@he@fm\}atamer%mrfaﬁ%. Because
t he vi ' : [ ' i ' j hap, it may
be. advanrasaan s S AR Rl KR HRRS R P TR RNAT: g

pol ynennigator.on to ensure the conpletion of the reaction and to reduce the
crosslinking of copolyner. In this exanple, 10 g of acetone was further
added to the reaction mxture after one hour fromthe start of

pollgneri zation reaction and addi EXaaMPLE® g of acetone was al so added to
the solution after 2 hours fromthe start of polynerization. 15 [0132]

After rization, the reaction.m.xture s, cool ed down to r
ermor TPT° A Ripeetis stfasho TR hebd AP oS S 4 S8 urahO Hankgrs PR
Vi gor oys pHTEiMAjcBQ\/IM sty dipferent tSlverf @I The Qipohbgt afnbl%ﬁab@ilﬁbﬂ 8B3th&n

reaction. Finally, volatile acetone and re3|pdual inpurities were renoved
by vacsanstifuents qﬂ{m fegetion mixture remained unchanged. Instead of acetone, methyl ethyl

ketone (MEK), tetrahydrofuran (THF), or a combination of both was added to the reaction

20  mixture as a volatile solvent. The advantage of using MEK or THF over acetone is that
because these solvents have relatively higher boiling points, polymerization can be carried
out at temperatures around 70°C which cannot be achieved with the more volatile acetone.
MEK and THF are still volatile enough however to be readily removed by evaporation or
vacuum distillation. Polymerization reactions, particularly free radical polymerizations,

25  proceed faster and closer to completion at higher temperatures. For the pHEMA and
pHEMA-co-MAA synthesized in this example, the disadvantage is that these polymers have
lower solubility in MEK and THF than in acetone. To prevent the precipitation of the
copolymers, the concentration of MEK or THF should be kept below 50-60%, preferably

below 50%, with respect to the total amount of reaction mixture.
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EXAMPLE 3 20 [0133] A copol yner pHEMA- co- MAA was synt hesi zed according to
the procedure described in Exanple 1. After polynerization, 0.18 g of

gl yci dyl wetohmcrygd ate was injected as a functionalizing &gentSos/m207t he
reaction m xture and the functionalization reaction was carried out at
roomtenperature for 24 hours undﬁr Vi gorous stirring. The volatile sol vent
and residual inpurities were the X LES by vacuumdistillation. The
resulting precursor 25 mxture was a clear sem-solid that is suitable for

bi omedijgd7) Prodietion dedeld@MitiRESto Wt ghExarﬁ%wimeaerhaig@u WiUId § 6P 300 St ep
prior to their intended use. EXAMPLE 4 [0134] The reaction vessel was
char ged@nditf g of @thgnolf TPE@XOOE Has stitedfons few atimtes before addingtlQrgeofHEMS: i r r ed

for af m es bef.are addi of ..H .0. 15 of 38 WO
b1 091 95 deWnd sh 10 e SERIENT. SR flaglEmiRtofe s iredWey ABfbE? 2,
was 5 pur@el svitridy o hphroLighatdly 19 gaAutedi TiR sofitiohw3ghdndlowlyiteated f@ae] y 15

m nutes. The solution was then slowy heated to and nmaintained at 60 C for
2 hour snaigaimad pi 6Bt tpearpmat pelymesaationsfoe?.Sherisndtdcauseicthanolds ebeer i xt ure

The 5 mreen e e edEheloiaate e SR anbir Plre S Lngth i 1S

i nj ect eehoul\&f s3bletit inQhe reddSorSixtire @ar BE inkreabilio Heti@ageahé shodbthet he
functionalization reaction by introducing reactive nethacrylic groups to

t he cosenseRERtGERHUNY Hee loysstinenamsr epRGegtratien golirvable vath thauscnf acetenees on, a

phekoi it r 4, : RGACURE 1750 was

m géd V%sioh%#ﬁ&@%ﬁ%}ﬁ%ﬁw;%% \%n(% %lgéeﬁgﬁ)@ﬁdl\%%é?%éh?%t al nononer content.
Fi nal | J013B) VIHedtyidrex yaretipofetbamdl, hesicditamay praferablyesaciewith MAroseichshly vacuum
o S ur oh B P s B SR, oMb e S et "
cont ai HeRkeR BARLIOIHAINTAAE@Anol THE r@h &R BAEr VHCKEH R oRPbAMBRDfingnt Ni S

exanple 1s ready for nolding and curing wthout mxing further with an

i ni ti atagneous SolExtAk/RuUEh Bs §@L36,1TIAF pmd AdHKreers iaddddap theomixtare cotehingn Exanpl es

1 4 se 0, synthesi z or pHEMA- co- MAA using different
soﬁgentpmﬁécog@%ﬁ y@ﬁ&"@%@%’ion of other constituents of the

reacti qm %XtW&obS%{e@ Qs ichonaRed by Bedigad.30fs FORAQD he dBRIHAN! TREDYI
ketone (MEK), tetrahydrofuran IEZTHF) , or a conbination of both was added to
t he reaexiughwaostirod igerously 1@ hourd as reun (esmperatiige Aty i Bigetianklizationg MVEK
or THE gver aceto FS th because these solvents have relatively higher
boi 1i N 6636 ton fss(fomﬁ)gﬁfléfgroiﬁaztg% Iso(%\r/]engsaaﬁl%iggs@g? }rlnglgme% wete removed %y vacuuril
distillation.
20 [0140] The resulting precursor mixture is a highly viscous liquid, semi-solid, or hydrogel.
Compared to the copolymers synthesized in Examples 1 to 4, the copolymer synthesized in
this example is less crosslinked because a lower monomer concentration was used during the

polymerization reaction.

EXAMPLE 7

25 [0141] A reaction vessel identical to that of Example 1 was charged with 10 g of PEG 400
and 20 g of acetone. The mixture was stirred for a few minutes before adding 8 g of HEMA,
1.5 g of N-vinyl-2-pyrrolidone, 0.5 g of MAA, and 10 mg of AIBN. Subsequently, the
mixture was purged with nitrogen while stirring for approximately 15 minutes. The solution
was then slowly heated to and maintained at 60 °C to carry out polymerization for

30  approximately 3 hours. After polymerization, the mixtures was clear and a semi-solid or

hydrogel was obtained. The mixture was cooled down to room temperature and 0.55 g of
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out at tenperatures around 70C whi ch cannot be achieved with the nore
vol atil e acetone. MEK and THE are still volatile enough however to be
readi |l y rwomeetdisy evaporation or vacuumdistillation. Pecyrusns/earion
reactions, parti cularly free radical polynerizations, 25 proceed faster and

cl oser t etion at higher tenperatur For the H MA and

pHEMA- 6\6 %ﬁ?ﬂegh sRjutiqp ‘f’?‘ﬁé‘ 'H'ﬁiﬂtfg ﬁh% LT 1 CATEOH is that these
pol ynerfﬁnd?ﬁ\ﬁ@hzah@x‘{‘%acﬁm Winltﬂoﬁﬁ(mh@réygt%@rﬂgthaaf'ﬁ U}[)sl, &n ﬁl%%b%g efO_prevent
the precipitation of copol yners, the concen I on of or THE
shoul d baekboapt Upeh wmﬁletlﬁg)%e fpmcéfoealaﬂahyn rdaeﬂmwvala%e agetone paéesiduak o t he

total ampunt of rea n (gl ﬁtV\D 03/ 071339 PCT/ US03/ 04277 EXAMPLE 6
[0137] lﬁ&pP’été??tW?)rﬁr%%vse I YW&&%‘P’P B hat of Exanple 1 was charged with 10
g of PHGA 4&?0 T@}@sﬂ@ngp@éur@érhﬁﬂmre whbe hr%my ws@)umuﬁit !sé’lﬁleébhﬁodir a few

m nutes before adding 10 g of HENA and 10 ng of Al BN
Subsequwdtaggl. Fheeren ?rémSIEQﬂ@é@SW%mplﬁlhﬁ @@ﬁl\@lwghéeg@? pfing for

appr oxi I to and

ot aif g onyiiz ot e son N BRS¢ GR Rl bropfnidls L2 e

et hanoIsynﬁlesazdalahttl&fpreﬁﬁhymﬁlﬁsr t he copol yner synthesized here than
acetone, using ethanol as a solvent, the anmount of solvent in the reaction
m xture can be increased to decrease the nonomer concentration below the

| owest nononer concentration achi EXaMeL®g h the use of acetone as 10 a
solvent. After polynerization, a clear and vi scous i qui d was obtai ned.

[0138] The hydr.oxy group of éhanol however , referably reacts with MA
uséf ad0¥d3]s yHus pemnls dessgbesy ﬁmqlﬁngﬁ@%mgmwas eeycsIFaNRSHERNSSH st ep.

To m n'TFHefP‘?e(,Iups%r HiflGrd & ﬂ%irsgé‘%o A A *Ié’x{b%n %{PIEI\EA%QQAAV‘% germoved

under vacdum and one or non- aqueous so ven such as acet one,
THF, anmd%ekPhEE 160.a0ld dsramoofithie pnécxtsar mixtoretvedsrfirstgnkdd pHBNRO@0g 0AA copol yner

0.t ho IBATYBR T Pionaip Fies) R Lot hery 65 ViogRo RN 1PLp IO MONTS 12¢ r oom

t enper aﬁyﬁﬁeuré\éﬁrﬁrxtdr&ewmﬁ GlreRRAonZat f)mmnftﬁﬁ% ;08 nb6ndeessahab esix ol ati | e

sol vents and resid rrgurl tiés were renoved by vacuum di'stillation. 20
[ 0140] mersoesumlrﬁnglﬂpﬂ efpBwiiated mﬂjrt@moédl@g h| ghI y viscous |iquid,

sem -s dro red o) th t.hesi edl

Seani dul41, apRéiERT 0 g AL Gy iAferir R T BhcSd Rimast 67 aiploc

crossl lla{(sqﬂolagﬁﬁu%f@wé@y@ﬁe @E@%ém&?%@ﬂdc@& bRA p\f@§ atis(eeC Qithisghtt he
pol yneri zation reaction.
pressure to controllably brmg the molds 1nt0 contact with each other around their periphery.
Excess material was squeezed out of the mold as the two molds came together, and the
20  amount of overflow was determined by the amount of material originally placed into the
mold versus the mold cavity volume. For the molds made of polystyrene, higher molding
temperatures up to about 80 °C may be utilized without deforming the molds.
[0145] The molding procedure described above was found to squeeze out the air bubbles
which are occasionally trapped in the precursor mixtures when the mixtures are manually
25  transferred to the molds. It is desirable however to completely eliminate air bubbles from the
precursor mixtures before closing the molds. One approach to remove air bubbles from the
precursor mixtures in the molds is to place the material in a rear contact lens mold and apply
a slight vacuum on the mold for approximately 10 minutes. Alternatively, the material may
be left in a rear mold for several hours to one day, during which the precursor mixture slowly
30  settles down and the air bubbles often come out from the precursor mixture spontaneously
without applying a vacuum, or many small air bubbles coalesce into a few large bubbles

which are readily squeezed out by simply closing the molds. These two approaches are quite
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25 [0141] A reaction vessel identical to that of Exanple 1 was charged with
10 g of PEG 400 and 20 g of acetone. The m xture was stirred for a few

m nut es bwbase7eddi ng 8 g of HEMA, 1.5 g of N-vinyl-2-pymrcalisdane;70.5 ¢
of MAA, and 10 ng of AIBN Subsequently, the mixture was purged with

nitrogen. while stirri r ely 15 m nutes, The solut.io
hen O EHar oV B ATReH it M tApRe SF ARG Hiam His Recdugett AR Prendn thaPgiis Be o
for 30 1&%&95@%5@ RbWevdr f}ﬁw Sot b@feﬁff%énu%%mgmy&aécbg@sensltg%hmp@cufs%ﬁ was cl ear

and a sem-solid or hydrogel was obtain The m xture was cool ed down to
room t empewrest ure and 0.55 g of 40 WO 03/071339 PCT/ US03/ 04277 NA was

i nj t h | ut th t f t tt
funct 1 6] S RS i s iR BERAToSsHeE e SeB R bR uB A RSt oups. on
t hes copppiBhatelp20kbsnds uMRSQ@ mma ey 1igkt shiReubing theDalH-z 8 Vyuly, e@stal on,

vol atil e acetone and resi dual rr‘ourl tres were renoved by vacuum
di st i | Isitenahotomifigey e typeof kghilby brlgclmse%m@(ﬁm&l%@ aehaevgebe apthngnl y vi scous

| i quid, I hi s
exanpl ebi(?é@l%{l &qua bg{l}e)}ﬁ%ﬂ) rﬁﬂgtler rfggﬁ%ﬁé g?ﬁé% ona Omzeg @eﬂn%ﬂ’t %er efore
w1 cpossbledad 20GBconds Seriey & atnh@pextlhﬁlt foraheohyiowntof timenteiasidae dutenhis he
previ ous exanples. EXAMPLE 8 10 [0143] Thi s _exanple describes the nol ding
and curpaﬁgubf Boiling sempesiiipvandgsamsy- Thameld assqm‘élymaéémramomwwpe
ri % af f wWin%.0f PEG

100 0 o S g o e O O e RIS o
I RGACUREJSIMdE( wemhxp’enﬁdﬁﬂdraﬂmwMgblyemmazboﬂ)m mmtehmeragire,wdphaph&aﬁmc a few
m nutes. For. the pre ur.so m xtures which already contain photoinitiators,
it is GOPAHJERNRNYUSPHNGdt he 15 precursor mixture with a photoinitiator
prior te14m! dflﬂ%phﬁﬁﬁﬂﬂ]lerﬁmrt@%r@%%%n%lngrﬁlalﬁi att &ﬁnﬁ% Watd c@iﬁéﬁ“ al was

then placed between two contact |ens nolds nade of pol ystyrene.

assenblo§ amgxlma&d}é 80-610%a whidsdepandssm tie epnotyraér qghtposipion.siegres of o

con roIIa t he .nol ds tp, conta ot.her. around their

o oms© g totall bR hercaBalTie Sk @b S oo lpERE BRI §E s 1S, Lo s

came t pggmhes fundfishdlined &GhbaidlRto D% QHBItEd Machmscal flo8 L ki thr Ry thbieseafount

of material originally placed into the nold versus the nold cavity vol une.

For t hdomggmysergiabieondact ki yuptsriadsieaving siRBar Weeoonients, andwertaiade stipicho about
80 C mgy,t nﬂégth%lggg%%%ﬁgg%gs @fr@ﬁr?alggg.t he nol ds. [0145] The nol di ng

procedur e descri ve oun 0°squeeze out the air bubbles which
are ocgensds) narHeynmldm@mad cuting p@ceduee dessnbechihxhng eesmpledna péreralipxdced@s ar e

manual | y .25 transf rred to the nolds. f1s desirabl e howeyer to conpletely
el Wi nathic 1inf1y CIB lé’gl I Q) AR prgcursor mlxtures or contact lenses obtained by the present
invention.
EXAMPLE 9

[0149] In aslightly different molding and curing process from the process described in
Example 8, a visible light initiator 4,4’-azobis(4-cyanovaleric acid) was mixed with the
25  precursor mixtures of Examples 1 to 3 at 1 wt%. The ophthalmic molds containing the
precursor mixtures were prepared according to the procedure described in Example 8 and
were cured by a high intensity illumination source (Fiber-Lite Ringlight System, Dolan-
Jenner) for 20 minutes. Curing times can be shortened by using more intense visible light

sources.

42



precursor m xtures before closing the nolds. One approach to renove air
bubbl es fromthe precursor mxtures in the nolds is to place the materi al
in a rearwomnassy | ens nold and apply a slight vacuum onPChRa@Se®b4t71 or
approximately 10 minutes. Alternatively, the material may be left in a
rear nold for several hours to O?ﬁig@ﬁl during which the precursor m xture
slowy 30 settles down and the ai EdO0ostten come out fromthe
precursor m xture spontaneously wthout applying a vacuum or many smal |
air buhbplsg aped es4E of tHePrétuf ViR EH BXL8Dle IRhEMadddan agalidf Yomasteezed
out by sinply closing the nolds. These two approaches are quite 41 WO

03/ 07138 Mgy UBoamddny with dfifiater weendtmeeesswyiferthistseqursep puntued bechuistd es
fromth Fecursor.mxtures j. he.mplds. T - ver,
my ot BRI REBI e oMo el Rty St BleaBRROEB e E L

[0146] nfRege.t ke RS AivldeBiEe PlossiSBatht paRetaE dedchided Etumple 8 andtidimaldwas
cured for 5 approxinmately 20 seconds under a Fusion i ght source using

3 d UV i
t he D- assgmblywascygd By agpffusg U‘@ilglétrﬁoawsﬁgiqlfrl%qyathS)rAP,tlﬁ‘éP{1;%5% 310 i ght bul b
is cho o j chi t i {4 i ght by the
photoizﬁgyggo?pg#ggéﬁ%g Jﬁﬁgbﬁ%ﬁgéﬂﬁﬁggggﬁgg%%?gggy@ 89$F§%§ a?e pgssible,
and 20 [8Ex$ndBhesmuraklsnawasaremoppd fromi the ol dsrantitveas duydrandd iofa tuifferedrsebime red to

cure this . particul.ar. nmolding conposition d geonetry. The nold assenbly

was t héﬂﬁf‘eﬁo{?hﬁe‘l"r@?ﬁ‘% “taFFé%We‘Pta ,5t4§(i?rdm3 E‘ée M’lﬁﬁ%ﬁ%@?%auﬁﬁ? tri mred
fraop t hecgdgappoxihfely©Bgogrol ds. The Iens nolds were opened after allow ng
themto cool ?o room tenperature, and an ophthalmc contact |ens was thus

obtai ned. [0147] The ophthalm c | ens of the present exanple contains an
equi libriumwater content of apgiexptgehy 50-60% which depends on the
copol ymer conposition, degree of 15 functionality of the copol ynmer which
determ nes the crosslinking density of cured lens. Polyners functionalized
at abou0132]5 The nwshbsx hilbamewnt wé dteentcmby hedudsen s¢oording to the régugemsaten  f or
commer ci al, contact | ens mat.erial.s havin imlar ter content.s nd were
2ol t e aaraeliSiegis! In PREUE i Rk grd o s il GREBAURARE (0148
The nolaghiege BoMcEid dxBBnRE BEREH thedBRiefts REE physidlbéisal @XaEYofution. ahgener al
procedure 20 which ng%bbe applicable to any precursor mxtures for contact

| ed8es caveshipprrgadyistheddohe desited ameyiahef dhenExnPIELINqrDatg] stem & rate ght | y
di ffer%@éagﬁglk%ggpﬁ‘éh‘?s @%ﬂ%pggdjﬁs‘tgfﬁgf;refthé’Eﬂffl@%ﬁ&%%.SS described in Exanple

8, a visi 11 ¢ I ni obi's ovaleric acid) was m xed
with the15325 As acenaagie, 0L X wf edpafpamlanplocls gl of alk3x@ated giMcdsiddsheerapht hal mi ¢
nol ds cqntfjnin tpe . : : :

mixed 0.167 g. of material synthesized according to Example 5. The mixture was then placed

in a rear contact lens mold and degassed for 5 minutes. Subsequently, the mold assembly

20  was pressed slightly and UV cured for 20 seconds.

[0154] In general a contact lens thus obtained has essentially the exact shape and diameter

as the contact lens mold since the molding material contains the amount of diluent which is

the same as the equilibrium water amount once the lens is immersed in the physiological

saline solution. Consequently, a isometric exchange of diluents and water is achieved.

25 EXAMPLE 12

[0155] A clear solution consisting of 10 mL of PEG 400, 33 mL of acetone, 10 mL of
HEMA and 0.21 mL of MA was prepared. To the mixture were added 1.5 mg. of Blue
HEMA, 50 mg. of UV block N7966 and 12 mg. of AIBN. The mixture was stirred under
nitrogen purge for approximately 15 minutes. Subsequently, the temperature was raised to

30 58°C and the monomers were polymerized for 90 minutes. After the polymerization, a clear,
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precursor mxtures were prepared according to the procedure described in
Exanple 8 and were cured by a high intensity illum nation source

(Fi ber - Liwe oRomigbe ght System Dol an- Jenner) for 20 m nut @€T/US03/04207 t i mes
can be shortened by using nore intense visible light sources. 42 WO

03/ 071 9 PCT/ US03/ 04277 LE 10. 5 of t ecur sor
ot ur S AR B el o et STRI-SPTSRAS 17 ol bbrodyesbe FBFGE *The

m Xi ng sukd .35 bahRiha¥Rfic la% di'i%@%%%ﬁ’cté&ﬁftérhlﬁe’scdi’fc@ﬂ%&%oluﬁﬂo?ﬁtd#rg@l because
a photoinitiator had béen al ready di ssolved in the m xture during the

pr epar atasenolefl dpwe daraor teﬁmerrakurar dhe Thxtuteomas stiied Somiy eougs fsed by t he
procedur e n Exa red a

G 11 v detnArRgn Soahe T RTRRE sy S ant RBidTRl Are P EE oo hBRec by Pl

Cur 5 ng didtiMagorcan be shortened by using nore intense UV |ight sources.
[0151] The cured |l ens was renoved fromthe nolds and was hydrated in a
buf f er 401384 | The resdiing matgriainwes usqdiin mpking sewiagtdenses ptaaoculdplenssand and t he
sanpl e 5 %&qqe@ eI ongation to 10 break of approximately 250% EXAMPLE
11 [Olgﬂqﬂ e nu 8¢ and anmount of diluents maybe chosen according to the
requi renents and desired propert| es. In particular, the nunber and anmpunt
of diluents may be adjusted to ﬁﬁé??ﬁetl’l C exchange bet ween the

di l uents and physi ol ogi cal saline’sol uti The 15 easiest approach is to
add the desired amount of diluents in the polynerization step. In rare
occasi ¢ars7]t ri&)rcbbhthemiis lemgs kich tipeshigldrdfit iveintlives, 1id sbintigsofid peseasor [ 0153]
As an exanple, 0, 1. i sopropanol and. 0. 15 f al ko yI at ed gl ucosi des
wedd ﬁl%%ﬂ%oaraebta@%d Sfpn}ﬁé}?@rqpa YNagF e RS ght Reeien RING IRISX BRICPIEE- 515 The

m xtur %n‘é%mgféeﬁhe @{a?tﬁ%%oﬁd?né} rﬁ&ﬁfre E&H;IBI?&E chl%fb%tﬂ&le?aﬁgg@. I‘éﬁg@tﬁ)%qué or 5

m nut es. Subsequent|y,” the nold assenb was “presse l'1ghtly and W/
cured frmnomr,wddﬁ]ﬂmnoﬁﬁz&&ﬁrokmpl@emhnathacaybmvbich coOmmus arfuns:tlobalmahled has
essential.l h act sh ianeter as.the contact | d. since
The molainsvhokadihack e BRRET Aot BRI conf i emosuiers FebTRutiine. as
t he equhdexthondmeredmr3-@PEibtoRE.38nthflph&idky}-3-h Hﬂf&[’yﬁﬁ?yl (Mdtd@ciyliysi ol ogi cal
sal i ne sol ution. Consequent ly, a isometric exchan di luents and wat er

i s lachivdvelalsegivesdagipreracave o1sE pndhhes ?eﬁlﬂlcwahmhwhﬂbwsﬂst ing of 10 nL of
N Y M A e
and 12 aaBydritfe idbdBINd td the poltiidtselunas teEdrry &d fatd€ienalization to obtain the
prepolymers functionalized with reactive methacrylate groups. Next, reactive plasticizers and
photoinitiators are added to the prepolymer solution. The types and relative amounts of
20  reactive plasticizers are selected accordingly to obtain desired properties of precursor
mixtures and cured articles such as semi-solid consistency, high-impact strength, and high-
refractive index, while maintaining optical clarity. Solvents are then removed to give semi-
solid precursor mixtures for high-refractive index ophthalmic lenses which can be cured

rapidly by UV.

25 EXAMPLE 14

[0159] Semi-solid precursor mixtures suitable for ophthalmic lenses are also produced from
phase-separated iso-refractive systems using styrene-rich SBS block copolymers as dead
polymers which show good impact strength. Commercially available styrene-rich SBS block
copolymers such as KRATON® from Kraton Polymers Business and K-RESIN® from

30  Phillips Chemical Company have refractive indices of about 1.57. Examples of prepolymers

which are incompatible with SBS block copolymers are functionalized versions of styrene-
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ni trogen purge for approximately 15 m nutes. Subsequently, the tenperature
was raised to 30 58C and the nononers were pol ynerized for 90 m nutes.
After thewpoBywmessd zation, a clear, 43 WO 03/071339 PCT/ UBQ3/tG4204277 bl ui sh
concentrated polynmer solution or sem-solid was fornmed. To introduce the

reactive sites, 0.35 met hacrylic anhydrid injected after the
cpncentmﬁ?@dneé%ﬁlia@r(smg&fx’p eré’os&’ré’éﬁ'% . n{t’agr(ggi{)fg ENEButE The
m xtur %t%%-x%ﬁl‘efc&aﬁxgra@de GRIRPLBPRIYnRrs HEWhiR tZRbbBther CoMpbdionstafe Vol atile

sol vent "and resi inpurities vere renoved by vacuum 'Clil stillation.
[ 0156] adjvstedese thahihe meftastivaindives ofisrepolymersakatoly theonfradiveliades @f SBS

intraocyl ar | enses and bi onedi c i ces. LE 13 [0157] [For .
opht hal <8 CRNBET aiieem Rge g YEFX 26 San iR oes dieteléodoho bBisrrs
pr esur sgith thd thdhoiicts WHicRcont@idt fahdReali 22818 drbgpsP MR AhNYERIER LU fiSNIAGan
hi gh-refractive index nononers. an exanpl e, the starting nononer

As
m xt ur dedengsionalized aithosuiigbly ferrdionglizingpagenistspeltas thesy geatsiningBydaeyls. and
3- phen -h I Y. Wy i i j zabl e
v oxg 0k GY R SR o R DRy RS fiin GBS ot e RN, 222
hi gh-r etyrat meehyl medexsrylmaoime2-hyiiskyethyl methacrylate (HEMA) in a suitable
3-(2, 4-dj br onp- 3- net hyl phenoxy) - 2- hydr oxypr opyl (neth%a;&&late 15 which
al so giso¥Enthi lgs-PobmezpiioRnmay 38 £2EisH ORLIE the PISFRICE ShaPP PAKEOPYyMGRAs.
[ 03438] | eF i ' i ' ' ' sol vent,
ot Bac o Lo TRRR, dF el MR BOURES FRLIAT AR Mo Al find PR ARE: 20
f unct i eonpictiagiferctivpalodatian.nThéresulpngpoiphviogesfmacdépendibn tledinae 0 reacti ve

met hacryl.ate groups. Next, react.ive.plasticizers and photoinitiators are
added ta\édﬁﬂgog%‘%& YBFTS d MG P45, .On*i‘H’gtufeyp_es and relative anounts of 20
react i ve161l) astydib2 s 8f AESA ateSahQ&tbnalk £ WikN i vean QRAG RtedRSIgsa-idy operti es
of precursor mxtures and cured articles such as sem -solid consistency,

hi gh- i mpadleacrgicranhydide asradfunétignaliziag pgenti Yeon noreRrleting funetiomalinatiini ng opt i cal
clagity, Solvents are en .r ved t ive sem - solid precursor pm xtures
Forohi SeRas PaRGa Frd P BERT fhe B0 S Giion BinkiraC THE PRETindl aly "oy
W. 25 rExdNFiioubds 10EaQive piiiticisork aft dhoSsdcBOdinyl Y foldcafevs dbdil lsémf-8dlid
ophthalmc¢ | enses are al so produced from phase-separated iso-refractive

syst emORssteReYSYithash lasiecapticHs a1ty cRorctbp slixtyeas 9 $8Sddesk copelyyes pad whi ch

show gagghi r h i I I -ti.ch ,SBS bl ock
copol yners %n%%iygzérl(%@l{ﬁsro)@%%wrggti%zﬁ?%%}:{}ﬁg r @o%%lé{eﬁggsg Mérrﬁoé -RESI N(r)
f r om 3Qi(Rieth)bérphteSaadibeadyl GCoothpoyyldtave refractive indi ces of about 1.57.
EX%”D' ?31 &E pSro?ge%lt Ysr?ﬁ(rans removed from the mixture to give a phase-separated iso-refractive

semi-solid precursor mixture. For the systems containing SBS block copolymers, the impact
strength of cured articles can be increased further by performing compression molding on the
semi-solid precursor mixtures prior to cure. Thus, compression-molded preforms may be
advantageously obtained for the semi-solid precursor mixtures which contain SBS block

25  copolymers. These preforms are used later for the manufacture of final objects of interest
such as ophthalmic lenses which have relatively high refractive indices and good impact

strength.

EXAMPLE 15

[0163] This example illustrates the preparation of a copolymer of 2-hydroxyethyl
30  methacrylate, methacrylic acid, and blue HEMA, using ethanol as a solvent for the

polymerization reaction.
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whi ch are inconpatible wth SBS bl ock copol yners are functionalized
versions of styrene- 44 WO 03/071339 PCT/ US03/ 04277 nethyl nethacryl ate
(SMVR) copologersy styrene-acrylonitrile (SAN) copol yner s pcanco3/04277
styrene-nmal ei ¢ anhydri de (SI\/A) copol ymers in which the copol ymer

conposi tjons sted.s that the refractive indjces of prepolyners
mat ch I[‘#és"?ef‘lsl ASQQ 9@‘ %HH@?(C uigped gt h@o‘bﬁ@@‘?ﬂ%‘?tﬂafo B8 ture.
SMVA andeSAN HRRAGHNBIS wak &a@éeﬁ%l@ﬁ)?@ky g%&" r&ywwhmum ,\ﬁ“@mﬁf*‘w ch
contain functionalizable groups. The an group can

funct i ortdl g codethparbilic adid (aMIAe\)f 6 mg ofdried HEi\/htg, a@géﬁﬂsnlsgf:ﬁha@l t hbse

cont ai ni.n drox As.. an exa ap ynt hesi zed
From aPHEREREFE RErd i bRy iy ¥ied SRR Sy R P me Ry R on

2- hydr S&M@Iqhyﬁtlmtsaagcdﬁdzams&&d@ﬂe}umm (AIBN) wvabh®iedsad vier¥olutibhevas stirred

pol yneri zati on carried out in the presence of SBS bl ock copol yners
as 10 deahthpduﬁh%;{lssolweﬂ Rebimesdatiotewas puidyeted by heaingithesplyliantot79&C and

pr epol ion aft eting functionalization. The resulting

r. solu
nor pho?/‘baéﬁ‘té I at&@%‘@?fﬁ?uéﬁf“fﬁg%ﬂrre of addition of dead polynmers to the
react i a5 XtAfi@- the BBFiktisH 6 RythariAliohEMAsAliorf WaCHiowealts 266 t¥irddin r eact i ve

nmet hacryl ate groups using net hacrél i ¢ anhydride as a functionali zing

agent tqymat@tmﬂf@tsoh@mu‘f@éﬁh%ﬁm grefl éha ﬁwelr@é@rlqwﬂéf dsorpse intp i@%nlénd
%O' Bk%t'fr? afid. eA%lfﬂggr?soth(a cgp&yﬁl%ﬁﬁlteﬁ%ﬂafgh)%a’(v%ac&iiﬁ%tetdyl%efﬁtr 511 the lative

anount s rea Ive I Clzers are sen accor eVe esired
sem - s@ldcad irconsiuaincoveyt fov 24nauks, laasingh dptsolid Tlod ﬂeidtqf driedsolidhieas®Oeour es of
SBS bl ock copol yner and SMVA copol yner, exanpl es of reactive plasticizers
i ncl ude et hoxyl ated bi sphenol A di (neth)acryl ates and benzyl
(meth)acrylate. 20 [0162] Sol ventEXaMBPIEm 16enoved fromthe m xture to give
a phase-separated iso-refractive sem-solid precursor mxture. For the

systens_cont aji hi ng ock nmers, .the_inpact strength, of cured
articl é8160hn Hus PW@?F@%&E@U%&@HE %Vnﬂ&am A thg cerphyresErHcH Braplen t he
sen - s QB'v@lﬂPﬁl@ﬁH&zHE afflyHdE, E‘u%n@r WirfeQs 3‘&?1‘%&1}8&'% fﬁR&BﬁFﬁ%‘uSH réRtided

pref or ms may dvant’ageousl btained for the sem -so precur sor
m X$ ur ¢816hi dbndro lan anent @Bssnhbmc k 225ndommln§1+’vettem Tsk squippaf withrstirdyae and ed

| ater for the nu r e |nteres uhasohthalmc
| enses SE s e vt 40 of PURITEMAES FA) AR ERA pes gt

st rength. ARKHAMBLEDHEdih (BINLWhSakiea Rl thel hixuit m&gt%rémtmﬁdo@mﬁhbpn of a
copol yner of " 2-hydroxyethyl ~ 30 nethacryl ate, nethacrylic acid,” and bl ue

HEMA, bhed pemplelrindissadyeda Methgasplic armydnﬁ@(%png»\m themaddsd and st ieoniting

mixture was allowed to stir at ambient temperature overnight. The resulting solution of

20 poly(HEMA-co-MAA) functionalized with methacrylic anhydride was then slowly poured
into a beaker containing 450 mL of vigorously stirred hexanes causing precipitation of the
functionalized copolymer as a sticky viscous oil. The product so obtained was allowed to re-
dissolve with stirring in 100 mL ethanol and then re-precipitated as a well dispersed solid by
slow addition to 550 mL of vigorously stirred hexanes. Decantation and washing of the

25  solids with two additional portions of hexanes, followed by drying in vacuo gave 4.57 g of

free-flowing light blue powder.

EXAMPLE 17

[0168] This example illustrates the further processing of the functionalized copolymer
prepared in Example 16 to prepare the copolymer for crosslinking in a mold, using methanol

30 to facilitate the dissolving of the copolymer and the transfer of the copolymer to the mold.
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45 WD 03/ 071339 PCT/ US03/ 04277 [0164] A 1000-nmL four-neck flask, equipped
with a thernoneter, condenser, nitrogen inlet, and thernocouple, was
charged vwoh3B31385 g of 2-hydroxyethyl methacryl ate ( HEMAPCT/US0®74207 of
met hacrylic acid (MAA), 6 ng of blue HEMA, and 500 niL of ethanol. The

1 xt d wt i gh it itr. ti d far.
appr oxiHEeR e ibnalizcd deaRifshpreyared i 8imaF 14305 Shbba woined 1 o
(Al BN) wiasprdded (@0d),tdna IRGACURE 19880.608 Y84 méthindl (2 BesoltBN. di ssol ved.
Pol yneri zati on was conducted by heating the solution to 70C and

mai nt aiAipaeximately @.8rgpfrthe spletigowaspligedne a filopt B9]d Il which wes ghompllasel o of

pol yneri zat | e i Q S 0 t .. to.r rature. The
Col Ut aneaau® Brahiee Rk MerBe R Sh SR W Braly SERT RS BG0 o
10 of stddyrfedfihaxesidingAnbluiisd) sol i d copol ynmer precipitated and was
collected by filtration, then placed in a vacuum oven for 24 hours, |eaving
a dry sglid. The yield . of dried solid was 90%_. EXAVMPLE 16 [0166] This
exanpl 481 101 ystheadpesgotngds pfried iPoRgrily for pRposts afikusighen-yhwthep variatioas i n
Exanpl eing dpbs¥itidtionsBlap A€ Ml vitAR mé%eéﬁieofm iQ@nRY Wil H@ré&&ilﬁ%;ﬁﬁ%éﬁ?w for the
functionalization reaction. 15 [0167] Under an 1nert atnosphere, a 250-nL
r ound- st skalled astheagui pped with stir bar and septum was charged with 5.29
g of pol y(HEMA- co- MAA) synt hesi zed according to Exanple 15. Anhydrous
pyridine (50 nmL) was added and the m xture was stirred until the pol yner
had conpl etely di ssol ved. Methacrylic anhydride (94 ng) was then added and
the resulting mxture was allowed to stir at anbient tenperature
overnight. The resulting solution of 20 pol y(HEMA-co- MAA) functionalized

wi th nmethacrylic anhydride was then slowy poured into a beaker containing
450 nL of vigorously stirred hexanes causing precipitation of the
functionalized copolynmer as a sticky viscous oil. The product so obtained
was allowed to re- dissolve with stirring in 100 nL ethanol and then
re-precipitated as a well dispersed solid by slow addition to 550 nlL of
vigorously stirred hexanes. Decantation and washing of the 25 solids with
two additional portions of hexanes, followed by drying in vacuo gave 4.57 ¢
of free-flowing |light blue powder. EXAMPLE 17 [0168] This exanple
illustrates the further processing of the functionalized copol yner

prepared in Exanple 16 to prepare the copolymer for crosslinking in a nold,
using nmethanol 30 to facilitate the dissolving of the copolyner and the
transfer of the copolynmer to the nold. 46 WO 03/071339 PCT/ US03/ 04277
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[0169] The functionalized copolynmer prepared in Exanple 16 (0.6 gram was
conbined wth PEG 400 (0.9 g), and | RGACURE 184 (0.006 g) in a nmethanol (2
g) sol utiwp.03ApEsoxi mately 0.2 g of the solution was pl acedtiusozof2ront nol d
hal f which was then placed in a vacuum oven to renove the methanol. The
resul t I SC r.sem-solid conposition 5 ready for final nolding
and cur‘pﬁg’fff%f%%i’ﬁﬁlfsbregoi ng is offered primarily for purposes of
illustration. Further variations and substitutions that are still within
theyscope of thig. i nvemg'o@sss%ﬂ the BRinlR8Qird ¥f APBRICE Al/diogel, thi@p®ceki | 1 ed in
the art. 47 WO 03/071339 PCT/ US03/04277 WHAT IS CLAIMED IS: 1 1. A process
f or 2t heomgreingct ure of a nol ded hydrogel, said process 2 conprising: 3 (a)
casting a conposify . Y 4 (i) .a crosslinkabl e non-water-sol uble
pol ?/rrer whi ch vvhé‘%) g%(t)lg'ggi%ﬂ{@éﬁggl %é/rh%n%%ssl i nking reaction and saturated
wth water forns a 6 I{j)di cosdlinkabié abmivageraobRaril vhen wisich wakinebdlinked

proportion of 7 water, and 8 (ii) a non-aqueous diluent that is inert to
sai @ crosslinking reactiBha crogsluking reiion dnd stfuratad widhvakgefogsian a

vol gnetric proportion 10,5408 abkthildo): miif i & m

vol grret ric proportion of chillgetlwat er !r%aslgrig%&%ydr%% ?mgﬁz—ﬁg)népgh?t) under
condi ti ons causi ng convewstiegnandf sai d conposition to a 13 non-aqueous gel

by ¢rosslinking said crosslinkabl e non-water-sol ubl 14. pol yner; and 15
(b)gsubsti tuting an ad%&d@“1aﬂa‘iﬂ“ad$q8?m\£€ﬁtas‘Heﬁl%ﬁﬁ&‘gfﬁf?éﬁﬂli‘e}“&m“lioﬂ’ said 16
nongqueous gel to form sgi@ndhaqReRd dilubnBbeify B LEQBBciR pRéfoRtisiance with
claim1 in which said conpositionis a 2 sem-solid. 1 3. Aprocess in
acdBrdance with clai m1 subsiahiidly eguildo seidpoedetarmmeds olumedriy propodiwnliofqui d. 1
4. process in accor dan‘(,:vetew{ntSt‘,]lidctl1 irmei} in which said aqueous liquid is 2
an aqueous physi ol ogi cal 841 M&"SoIitESn. 1 5. A process in accordance with
clapm 1 further conjrd bRiGindéy cdn@itidhsBausing conversion of said composition to a

13 non-aqueous gel by crosslinking said crosslinkable non-water-soluble
14 polymer; and
15 (b) substituting an aqueous liquid for said non-aqueous diluent in said
16 nonaqueous gel to form said hydrogel.
1 2 A process in accordance with claim 1 in which said composition is a

2  semi-solid.

1 3. A process in accordance with claim 1 in which said composition is a

2 viscous liquid.

1 4. A process in accordance with claim 1 in which said aqueous liquid is

2 an aqueous physiological saline solution.

1 5. A process in accordance with claim 1 further comprising (A) forming
2 said crosslinkable non-water-soluble polymer by coupling a functionalizing agent to a non-
3 water-soluble precursor polymer, said functionalizing agent defined as an agent that when so
4  coupled is capable of undergoing a crosslinking reaction.

1 6. A process in accordance with claim 5 in which step (A) comprises

2 coupling said functionalizing agent to said non-water-soluble precursor polymer in said non-

3 aqueous diluent to form said composition.
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2 said crosslinkabl e non-water-sol ubl e polynmer by coupling a
functionalizing agent to a non 3 water-sol uble precursor polyner, said
functi onawoDaBngizagent defined as an agent that when so 4 PCausoaos2rs
capabl e of undergoing a crosslinking reaction. 1 6. A process in accordance
with claim5 in which step (A conprises 2 coupling said functionalizing

agent to said non-water-sol uble precurso ol wrer .. aiggpon- 3 aqueous
drlhent to form daid g’bﬂ%iﬁst‘?%f?r St SRy PR SRS e ] 7 A
pr ogesgAiT cagsiiHzdaiicfanyidnalifihgagend td $hid\idrCWatet-eFlubl®)présunddr E?l@fme? o A 1)

e

coupling said functionalizing agent to said non-water-solu )r ecur sor

pol ymerformpsad resshinkablg nepvwdsrsekebls rolyoer ard €k 25enupinmgsaidyaresslinkehle (A 2)

compi ni i d ' ~ - I oWt h. sai d

mon- aqueBuRR LS FLBEERLE sif PRI niet b PR RO ISR
conposifbindsaid $oBpostiqit. ocess in accordance with claim1l in which said
conposition 2 further conprises a dead polyner. 1 9. A process in
accordance with §Iain15 in which said cogpPsitLon 2 further conprises a

dead pol yner, and st ep PIRFESS SRBrGoEtancq Kith plaig Joniycsstidicqmpasti®nal i zi ng 3
agept toRRicImPALs\Waleal paRhitR! € precursor polyner to formsaid
crosslinkabl e non-water 4°sol ubl e polyner, and (A 2) conbining said
crosslinkabl e non-water-soluble polymer with 5 said non-aqueous dil uent
andlsai d dead poByner A puglessdneerordapce with claon § invdich snid enmpostdioan 6
conposidion. 1 10, LQ s in.accondance . w laiml i i,ch said
conpos i cobeftthsciachl BERARrDa MEBTAN BRGNS Ay B ot AL oo
accgr dage tovkdifl neh-aiarer solublareats G polinse i foi@l datll ctosstinRae horPWwalertr t her
conprises a reactive &gastictzer, and step. (A conprises (A1) coupling 3

sai 8 f gAkbleophymer iyl @yehtombiniagissid sersshikeble nostwairresobtde Bekymer pshyner 't o
form salg q%P%rﬁgiqﬁlles}'dﬂﬁéﬁlaﬁd @883@@%@13@?4 E&Jsﬁq&% %f%c@glﬂgéﬁo fAmf QP! ni ng

sai d cross non-wat er - é polymer wt non- agueous
di | Gentcompdsiien.d reacti ve plasticizer, subsequent to 6 said coupling, to
formsaid conposition. 1 12. A process in accordance with claim1 in which

sai d conposition, .2 further conprises a.dead pal r.and a reactive

i adt ol ber. 1 1407 A A bidktss F AarRe iR £Fen M e S e dRER e o
ConpOosifhiti compfiststalesictive PRistisigs. @ dead pol ymer and a reactive plasticizer,
and step (i) conprises (i.1) 3 coupling said functionalizing agent to said

non-wat er - sol ubl e precursor polyner to formsaid _ o
1 A process 1n accordance with claim 5 in which said semi-solid

composition further comprises a reactive plasticizer, and step (A) comprises (A.1) coupling
said functionalizing agent to said non-water-soluble precursor polymer to form said

2

3

4  crosslinkable non-water-soluble polymer, and (A.2) combining said crosslinkable non-water-
5  soluble polymer with said non-aqueous diluent and said reactive plasticizer, subsequent to

6

said coupling, to form said composition.

1 12. A process in accordance with claim 1 in which said composition

2 further comprises a dead polymer and a reactive plasticizer.

13. A process in accordance with claim 5 in which said composition
further comprises a dead polymer and a reactive plasticizer, and step (i) comprises (i.1)
coupling said functionalizing agent to said non-water-soluble precursor polymer to form said
crosslinkable non-water-soluble polymer, and (i.2) combining said crosslinkable non-water-

soluble polymer with said non-aqueous diluent, said dead polymer, and said reactive

A A WN e

plasticizer, subsequent to said coupling, to form said composition.
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4 crosslinkabl e non-water-sol uble polyner, and (i.2) conbining said
crosslinkabl e non-water- 5 sol uble polynmer with said non-aqueous dil uent,
sai d deadwpalBymssy and said reactive 6 plasticizer, subsemaarisos/es23ai d
coupling, to formsaid conposition. 49 WO 03/071339 PCT/ US03/ 04277 1 14.
A process in accordance with claim5 in which said non-water-soluble 2
precursor polyner contains a.pluralit ites ¢ bl e, of coupl i to said
functionali zi ng §4ager¢t}?r°8‘?1sa “E?%Brc’(aflfél‘ggﬁﬁéf%gsmg@ﬁ% ﬁahdg“%}”a‘e&“‘qg‘e

fungt i @pRlLisat pllyReEeintdifs APRIvAlit) oPSeck Qabdf dlplink ©fsaldufctinhesing 1 15. A
process in accordance with claim14 in which sald sites consist o 2

readt i wecir adptepdd) conthaiges ¢anipling gaid fungporabig BIgALRH 0 @Pow %o kg/aboub Ao,

car Oxﬁk%gsitéshi ol, 3 disulfide, anhydride, urethane, and epoxi de groups.
1 1e. process in accordance with claim 15 in which said reactive group is
2 a hydroxyl group. 1 17. A process in accordance with claim 16 in which
sai tl functionaliasng Alpragesstin acoslanesih chahddtired hichomid dites gomispof

congi sting of epoxides, oxiranes, 3 carbonpyl diimdazoles, ri odates, acid
ol 2 deetaetr g BroRe S OB Sk Haae ssns A OhYPIY, g, Cabolieiiabe. 1 58,
A pgocessifide, MBARMANTanMe BnfldkBelkfolpd. Whi ch said functionalizing 2
agent is an anhydride. 1 19. A'process in accordance with claim5 in which
sai d non-water-sol uble 2 precursor polyner is a polyner of nonomners

sel écted from t hdbgr odpproeessiisagentfapee Bithplatrodpan whichseidreagtiee grpdrivxyet hyl
met hacr, @te 1h droxypropyl acrylate, and 4 hydroxypropyl nethacrylate. 1
20. “A ﬁrél %oé(g “Biccordance with claim5 in which said non-water-soluble 2
precursor polyner is a polyner of nononers conprising hydroxyet hyl

met hacrylate. 1 27. AADpocessn adtoainace wihchimilbhin elhidheakl functidhaliting ai d

non-wat er - sol ubl e 2 precursor polyner is a_copolyner of hydroxyet hyl
met BacRgPKiea MeMber Rtk RIniYA STouRensisting PREROXIAGR X facT yl i ¢ acid. 1 22.

A pﬁoc%%%obfld% LOROGRrivhdLs, GlidinTtides! 4l 'aﬁﬁes%h@ya%%ﬁlailc{hﬁgﬁh&a n- 2
wat er - sol ubl e polynmer 'is a product of (1) a polyner of nononers sel ected
frof t hehghralep 3 consi sting of hydroxyethyl acrylate, hydroxyethyl

met hacryl ate, hydroxypropyl acrylate, and 4 hydroxypropyl methacrylate,
andl (2) methacr yllb.c a&hgr%rcésgef\ﬁ acSC(c))rdance with claim 17 in which said functionalizing

2 agent is an anhydride.

19. A process in accordance with claim 5 in which said non-water-soluble
precursor polymer is a polymer of monomers selected from the group consisting of

hydroxyethyl acrylate, hydroxyethyl methacrylate, hydroxypropyl acrylate, and

KW ==

hydroxypropyl methacrylate.

[y

20. A process in accordance with claim 5 in which said non-water-soluble

precursor polymer is a polymer of monomers comprising hydroxyethyl methacrylate.

1 21. A process in accordance with claim 5 in which said non-water-soluble
2 precursor polymer is a copolymer of hydroxyethyl methacrylate, blue hydroxyethyl-

methacrylate, and methacrylic acid.

22. A process in accordance with claim 1 in which said crosslinkable non-
water-soluble polymer is a product of (1) a polymer of monomers selected from the group

consisting of hydroxyethyl acrylate, hydroxyethyl methacrylate, hydroxypropyl acrylate, and

£ =

hydroxypropyl methacrylate, and (2) methacrylic anhydride.
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WO 03/071339 PCT/US03/04277 1 23. A process in accordance with claim1l1 in
whi ch said crosslinkable non- 2 water-soluble polyner is a reaction product
of (1) a wologmers3of nononers conprising 3 hydroxyet hyl netPlcaarsgs/ed2e7 and (2)
met hacrylic anhydride. 1 24. A process in accordance with claim 15 in which
said sites are thiol 2 groups and said functionalizing agent is a nenber

sel ected fromthe,groyp consisting, of hal ogcet yl. acid halides, alkyl
hal fdes. maleim dds.  AoPPES Hé%‘fcog%’flﬁﬁ %{{3{? ﬁg‘“ﬁ e‘Ht“}sh}"S“p%ar“f%‘ﬁqu‘“ka"gF B0 i des,
di spl f iviger' REINIS folifier i8AGedtibA pRoddctbfl(1 PREAFMEE0BBbRbmdrs 26mpAsifg 0CESS i N
accordance wth claim1 in which said crosslinkable non- 2 water-soluble
pol § e hyfgxzethylodetbecrpateanddrmpbaciybe aptedride.(1) a pol yner of nononers
selected fromthe group consisting of 3-(2,4,6- 4

tri brono- 3- net hylyghen - 2= b et R): 3= (2,+4-¢li brono 5
3- rrgt hyl phenoxy) -23'- hy%?%%fl%rs %g‘fcgf‘yr?g%ﬁ%ié ¢ ya@;ttlg?ﬁ%YAhasIaﬁ1 sit b efof

3- ( 3- merdups-abd baid finphemdizyyg agents hyntmabey pelegsd fromethd promp cbasisting of

2- (4- hydr oxyet hoxy- 3, 5-di br bhenyl ) .7 : :

2- E 3. adRlPesyac Vfléﬁﬁ-ahi%ggﬁﬁﬁﬂeﬁﬁn)njlﬂ?so paFidines, acrylating agents, pyridyl

2- (4- hyelhopaest QM dSreandhhs R 5-Bio-2-nitrobenzoic acid. _

phenyl ) - 2- (4-acryl oxy- 3, 5- di br onmophenyl ) propane, and 2- (4-hydroxydi et hoxy 9
3, 5-di bronophenyl ) - 2- (4- net hacr yl oxydi et hoxy- 3, 5- di br onophenyl ) propane, and
10 {2) a functiodali zifnproagsem acserdsocewith camilha vdrduspidonesiliskatienox-

epoxi dqut : 1& b?Xior anes. ca&Rl%%tl d}i r’g %3)2 vIvee%, peri odates, acid halides,

al kyl haq?rasgu, ?%&W%ngtaé’& Ehzfla%hci/ e and anhydrides. 1 26. A
progess in accor ¢anegoMiich of dhmdrsisBlevbil Glonstak grauipadabibikadt B(2mWe- 2

wat er - sol ubl e polynmer is a product_ of a coupling reaction between 3 (1) a

copdl yner oftribipEcokpsthnhepptnchydrexwremd (Hethaspdatest et ddtompom 4 the

grodp consi st 150 i o) VAN Vk | r hdone,
iyt 5 Sy BhelRO PR ol flm Bty 3yt B BRI g
age6t that w@Herreopppst(hehmarydatepEI-yydesxyethozg3abdbrahophénylrder goi ng a
crosslinkin eaction. 1 27, A process _ in accordance with claiml in which
sai 2 crossl i%r‘] é?ﬁfﬂo’fﬁmoxﬁ%\z\%‘fig’t"g@%}l?ﬁV]éprﬁBi‘riﬁnz‘r(g‘%é’ﬁ’é’xkﬁ%ﬂ’@é?’5(9"”8“190upI i ng
reagti on be Wes)-3-(4- oPOl W (i . and
met %acr yli ctpaci d), §§£é%ry%x§r8§)?9g met ﬁg%ern ?pﬁ‘?eﬁeﬁ%ﬁ/ ib' égﬁ&g%ﬁ%le%%%MBBQ
PCT? US03/ 04 375¢dibtorzéphenylp2e(é aethaarylaxydettoxye 3, Svdibtonwiphenyl Jpropansdandh sai d
nonsaqueous

(2) afunctionalizing agent selected from the group consisting of epoxides,
11 oxiranes, carbonyldiimidazoles, periodates, acid halides, alkyl halides, isocyanates,

12 halohydrins, and anhydrides.

26. A process in accordance with claim 1 in which said crosslinkable non-
water-soluble polymer is a product of a coupling reaction between
(1) acopolymer of hydroxyethyl methacrylate and a member selected from
the group consisting of methacrylic acid, acrylic acid, N-vinyl pyrrolidone, dimethyl
acrylamide, and vinyl alcohol, and

(2) a functionalizing agent that when coupled to said copolymer is capable of

~ Y R WD

undergoing a crosslinking reaction.

p—

27. A process in accordance with claim 1 in which said crosslinkable non-
water-soluble polymer is a product of a coupling reaction between

(1) a copolymer of hydroxyethyl methacrylate and methacrylic acid, and

S WN

(2) a methacrylic anhydride.
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2 diluent is a nmenber selected fromthe group consisting of polyethylene
gl ycol and 3 nononet hoxy, di nethoxy, nonoethoxy, and diethoxy ethers of
pol yet hylwoe3gtyeonl , 4 pol ypropyl ene gl ycol and nononet horgr/usnsrerhoxy,
nonoet hoxy, and di et hoxy ethers of 5 polypropyl ene glycol, polybutylene
gl ycol and nDnonethoxy, dinethoxy, nDnoethoxy, and 6 diethoxy et hers of

pol ybutyl ene glyggql, cerol ox a] hox nonoet hoxy,
and¥di et hoxy et hggs of* B‘éﬁ?’%l’?ﬁ“éﬁo nc%%ﬂ dflé’g’ ?fé‘%)g‘?lhé 45 29. A

Pr 0ges gilubntas £ RcABRBE & dWtdd fréth Fdyrbup E'oﬂM&hﬁQ oﬁﬁélfietﬂ?lan@g%&%ﬁ diluent is a
menber selected fromthe group consisting | ene gl ycol,

pol ¥pr apgriogieehoxs, djmethoixy, lpgnWmXVl @rdedlgthy)@oﬁherp@fpglw@a}mc glyaﬁld aI kyI at ed

qu05| ) 130A 0 rd

on’ aqiospiortisdiaseb REES T nbRs ARG, shBeo ) Trd alsholclidrsl {1
mansf agblifpeopdiena g@bﬁ@dly@ﬁ@ﬂ@@%lyc@ﬂ tndcCinénorféthéky, auﬁétﬁ@;ggmcm@embx)suaﬂ@ 3 (a)
ef fecti n%mpol ymerization of a nopnonmer to forma non-water-sol uble

pol §medisthearfthmen! RHpRLYlepk glicelneplyglyerrak and mgnomsiaxyy dimsthaxya 5 hydr ogel
congai r said 6 nonomer
hav?ng%&%gglgﬁ \%ggg%@ﬁ t e‘f?!)féﬁgi%l cﬁeéénit 8@82{1%}3 4 ;ul(:\?%??%n of 7 said
nmononer, is capable of coupling to a functlonaI|2|ng agent defined as 8 an
ageht t hat when @8upl édproocessan ecoostente weh glaomd insvhiepseid roméquender goi ng 9
ac osslln i.n cti contactin i n- wat er - sol ubl e pol ymer
R SRR St s ekkieh e S9% fabishla EnelyabTEE efibel BouBroavEan wat o1
sol gbl 10|, YoBhutyfend gw&ﬁiolyglwe}& an@%lHWdied"@lh@cﬁsm?é@' ubl e polymer; 13 (c)
casting a conposition conprising 4 (i) said crosslinkable non-water

sol ubl e polyner and 15 (ii) a non- aqueous diluent that is inert to said
crodslinking readfi onA progessan accapanesweh gkrimil| inavhicthwiidyaen-gaugoNsol unetri c
pr oport y equal to said volunetric proportion of water in
sai f§9ﬂ§§¥%§g$ﬁ§@€§%§¥ 3/ 071339 PCT/ US03/ 04277 19 in a nold under
conditions that cause said crosslinking reaction to occur 20 and that
convert said conposi t iAoprotessdombemaquiactuse efed mokled h2drogel)artsalfyshidt ut i ng an

aqusous | i quid for said non-aqueous diluent to convert said
process comprising;:

3 (a) effecting polymerization of a monomer to form a non-water-soluble
4 polymer which when crosslinked and saturated with water forms a
5 hydrogel containing a predetermined volumetric proportion of water, said
6 monomer having a reactive group that, subsequent to polymerization of
7 said monomer, is capable of coupling to a functionalizing agent defined as
8 an agent that when coupled to said reactive group is capable of undergoing
9 a crosslinking reaction;
10 (b) contacting said non-water-soluble polymer with a functionalizing agent as
11 defined above to convert said non-water soluble polymer to a crosslinkable
12 non-water soluble polymer;
13 (c) casting a composition comprising:
14 (i) said crosslinkable non-water soluble polymer and
15 (11) a non-aqueous diluent that is inert to said crosslinking reaction,
16 said non-aqueous diluent being in a volumetric proportion
17 substantially equal to said volumetric proportion of water in said
18 hydrogel,
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22 non-aqueous gel to a hydrogel. 1 32. A process in accordance with claim
31 in which said aqueous liquid is 2 an aqueous physiol ogi cal saline

sol uti on.wb 03871389 process in accordance with claim 31 i n waralsozoep? (b)
conprises 2 contacting said liquid prepolyner m xture with an anmount of

said functionalizing agent selected to cause.coupling of said

fuﬁgti onal i zi ng age’ﬂta @8{&1“1’@% itong thag£quse %gﬁ{osg%kggg TeACUoL; 1 OP Wt i ve
grogps. 1 34. A progfisfatl ddnd&E§did8aaosidto@ dinfqddodsiehingh sai d reactive
group is 2 a nenber selected fromthe group consisting of hydroxyl, am no,
cakboxyl at e, thi &), s@stitusingfan @auecas hguidi foesaid pai-prseus diienblooenvert gpidups. 1
35 2A process in acr(I:or_da ce .lﬂpaﬁgc?rion’élg’l in which said reactive group is

2 % hydr oxyl group. A6 OR r 6cdsE PR accordance with claim 31 in which
said nonomer is a 2 nononer or nononer mxture that polynerizes to a
menier sel ected f32om tAprogéessup aGoedunst sithrtrimf31pn mhidhyshidagyediyliquatisyl at e) ,
pol y( hydr oxyet hyl et hacryl at ?), 4 pol y(hydroxypropyl acryl ate),

pol é( hf&@@k%ﬁ@éiﬁmﬁ%‘ﬁﬂeﬁ‘ 109G $§@on. hol yet hyl ene gl ycol, 5 cellul ose,

dextran, polyvinyl alcohol, poly(vinyl acetate-co-vinyl alcohol),

pol yet hyl ene-co- 3§ Vi nyhrogtse@tcordbe RothXRiimPAGA Mhidh stdp %cmﬁpﬂie@cess in
accordance wth claim31 in which said nononer is a 2 nmenber Selected from
t he2gr cuptactorgsiast liqugd prephlyuiren xyistubs/with en ginauet ofisgidfonstienhlydinBagent hacr yl at e,

ccr aaneegin ey affag O b QRIEROLE AR AR ARFLES! Rt wantg e 1"

met hacrsyidatsetivd gidips A process in accordance with claim31 in which said
nmononer is a 2 mxture of hydroxyethyl nethacrylate, blue hydroxyet hyl

nmet hacryl ate, and nethacrylic¢c acid, 53 WD 03/071339 PCT/US03/04277 1 40.
A plocess in accdffdandePiress i pesordange pthwinimP1damdicheid oGP s 2 a
hydpoxyl i i A i r..sglgcted fromthe
gro%p %’“c‘%{r%g#gﬁll%ﬁgdg‘?@é‘%i@?‘ﬁ%@gg@@aﬁg@ Q,% ?’ggﬁvﬁ&g&ﬁq?glgtzeb é(gi peri odat es,
aci @ halisudifsde, astydyilie, ethade, debepaxsdecgramst es, hal ohydrins, and anhydrides. 1
41. A process in accordance with claim31 in which said reactive group is

2 a hydroxyl gro and said functionalizing.agent i.s an.anhydride. 1 42. A
process in accorégnce PREBIMAPHC nF%W\‘/\tihich"g’ji‘H“%% repelive group 1s

2 ahydroxyl group.

1 36. A process in accordance with claim 31 in which said monomer is a

2 monomer or monomer mixture that polymerizes to a member selected from the group

3 consisting of poly(hydroxyethyl acrylate), poly(hydroxyethyl methacrylate),

4 poly(hydroxypropyl acrylate), poly(hydroxypropyl methacrylate), polyethylene glycol,

5  cellulose, dextran, polyvinyl alcohol, poly(vinyl acetate-co-vinyl alcohol), polyethylene-co-
6  vinyl alcohol, and polybisphenol A.

1 37. A process in accordance with claim 31 in which said monomer is a
2 member selected from the group consisting of hydroxyethyl acrylate, hydroxyethyl
3 methacrylate, hydroxypropyl acrylate, and hydroxypropyl methacrylate.

1 38. A process in accordance with claim 31 in which said monomer is

2 hydroxyethyl methacrylate.

1 39. A process in accordance with claim 31 in which said monomer is a

2 mixture of hydroxyethyl methacrylate, blue hydroxyethyl methacrylate, and methacrylic acid.
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2 hydroxyet hyl nethacrylate and said functionalizing agent is nethacrylic
anhydride. 1 43. A process in accordance with claim31 in which said

reacti ve woaap7i3s9 2 a thiol group and said functionalizi PgTagest427s a
menber selected fromthe group consisting 3 of hal oacetyls, acid halides,
al kyl halides, maleimdes, aziridines, acryloylsacrylating agents, 4

pyri dyl dISU|fIde dISU|flde redu tants nd thio-2-n roben20|c acid. 1
44. 1A process in icc BWGESS\APP‘FFOE T qulmvﬁ ip jvhich W%ﬁ‘gﬁ@r gy 2
nmenber 384 %r?grofuf) QR 5418 FHcBbRal GRS f‘éﬁt‘ i9€ n®¥mber selected from the group
3-(2,4,6-tribrono-3-net hyl phenoxy)-2 3 hydroxypropyl (nmeth)acrylate,

3- (2 4-cdndistogmf Speritles, Dshianes apybonydjicidacplss apsylodates, meidradides plkyk

3-( | - 5- bromm 2- h dr opyI (meth)acrylate, 2-(4 5

hydr§oxy F%&X?o%yagatﬁgglsg%xﬁ% ?ﬁgascryl oxyet hoxy- 3, 5- di br onophenyl ) prop
ane, 2-(4- 6

hydinoxyet hoxy 3, M di broprpbsrniyhicotddnde aith elammayd13In SvlicHsaihrzptter\grdyp wpane,
and 2-(4

hyd?oxﬁyéf%kgrosp@nfaﬁ%ﬂéwﬁ@wmgazems Aeepdridroxydi et hoxy- 3, 5- di br onpphe
nyl)- 8 propane, and said functionalizing agent is a menber selected from

thejgroup consisiypng of %c@ﬁ%‘a&%?dan@é(bvitﬁ'&?ﬁm AahRRHH did FLIRRE €S
peri odates, acid halldes al kyl' halides, isocyanates, 10 hal ohydrins, and

anhgdr Mé@xyithmlanethagyb&eaml sard fanctiondkivg agant s wethacryBd anhydribé.ch sai d
nononer is 2 hydroxyethyl nethacrylate and step (a) is perfor med in the

pre;ence of a co,gono rocessselI &}Q_? afrorﬂitcpalmglou%hl&ns?lds r}ﬁ'ﬁ%oup is

acrylic acid, "acry POLES Vi n pyrroll one

acr yl anithiel g@ag aud @aw fl&idﬁ@hﬂlz,mgaa’génﬁléladndiﬁlibrwbﬁéd srohthk @rdupeemisig pol ymer
IS a 5 copol ymer. process in accordance with claim45 in which
said c® hﬁlﬁ&%ylsﬂagld fzﬂlﬁiﬁ%ﬁﬁ‘c}’ﬂ halides.gagleimides, yyidmes peryiylpoylayogagens77 1

47. 4A %ﬂﬁ@ﬁﬁsdl at&?{il‘i’iﬁ@‘r‘&iu ah{éep agﬁ'u?'%-dn?oq@ﬂk&@ gl d mononer is 2

hydr 0X rylate an IS per I'n the presence of
co- nononers blue 3 hydroxyet hyl rret hacryl ate and nethacrylic acid. 1 48. A
proéess in accorddnce AnptdaessliahmoﬁdlanbmWMicuims‘idiid wimhﬂiﬂmommeﬂs diluent is

monOeE MR SURHEL BV RENDSERORYE a2t SRfPoct ey R GRSt hy! ene
gl ygol ,hyf}roR %BSI étl?)ﬂ Qité’ (30(‘2 Mgrdm?@lﬁ%tmﬁﬂenofé%rﬁ?—% Davey rep*loet hoxy, and
di et hoxy et hers propyi ene glyco pol ybut'yl ehe g?’p col and

m)nénet(hﬂ@@acrﬂﬂﬁ@eié%Wthﬁoﬁﬁbr@ﬁmhwoxah&hmrodmh ynetheykite-(Bol ybut yl ene
31 Ve s PR ERGR Sr PR Ra it G ERb AP e roeREhypiapand £ €1 P
6  hydroxyethoxy-3,5-dibromophenyl)-2-(4-acryloxy-3,5-dibromophenyl)propane, and 2-(4-
7  hydroxydiethoxy-3,5-dibromophenyl)-2-(4-methacryloxydiethoxy-3,5-dibromophenyl)-
8  propane, and said functionalizing agent is a member selected from the group consisting of
9 epoxides, oxiranes, carbonyldiimidazoles, periodates, acid halides, alkyl halides, isocyanates,

10 halohydrins, and anhydrides.

1 45. A process in accordance with claim 31 in which said monomer is

2 hydroxyethyl methacrylate and step (a) is performed in the presence of a co-monomer

3 selected from the group consisting of methacrylic acid, acrylic acid, N-vinyl pyrrolidone,
4  dimethyl acrylamide, and vinyl alcohol, and said non-water-soluble precursor polymer is a
5  copolymer.

1 46. A process in accordance with claim 45 in which said co-monomer is

2 methacrylic acid.
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1 49. A process in accordance with claim31 in which in which said non- 2
aqueous diluent is a nenber selected fromthe group consisting of

pol yet hyl woasghssol , 3 pol ypropyl ene gl ycol, pol ybutyl ene pgimyicsos/n4277

pol ygl ycerol, and al kyl ated gl ucosides. 1 50. A process in accordance with
claim31 in which in which said non- 2 aqueous di | uent i s polyet hyI ene
glycol. 1 51. A process in accorda ce ich ste

s g
conpri ses 2 expé‘ i ng %85086%%?{@( 3{“86&' éav‘f sy ’t“ﬁ?‘émfrrf the
pr e§en%dﬂfxy@thkhﬁétﬁﬁéryfatm%@('a%ﬁt;ie%nhé?l 1hltﬁé Priesende 62co-MoRbRACRTIud N
accordance wth claim51 in which said thermal 2 polynerization initiator
i s 3 nenduxystbyboethacrylagmandactaaylpc aathsi sting of |auryl peroxide, 3
benzoyl peroxide, dicunyl peroxide, t-butyl hydroperoxide,
azobi si sobut yronigeril g i tq, ulfate. 1
53. li)A process i n4tgccor {n&g%&a\nﬁtﬁé&ﬁiaﬁcg%@%}a&lﬁmﬁllgﬁ\wﬁ !H(%Iy%%glﬁslsses
expasi nijlusitiisla arades sdlecded fromlthgBtoup borsistinp o€ pelyethylehe glypbmlﬂl nitiator. 1
54. A process in gccordance with cla h said photoinitiator is a

2 mBnberonesethaxyadimediaxy nBopRShgx e qll@ﬁh%%fﬁﬁ@éﬁ%ﬁ%ﬂ?@? ghcokt her
1- hydr 396 J&)\‘&d&g&ﬁ%choﬁarm‘ﬁle J)mgtﬂBQ}n%fmethoxy, monoethoxy, and 1ethox ether

2- hydr 1- phenyl propané-|-one,”’ 4,4 -azobi s nova erlc 4
aci @), pahordpydén2,gbyodi, rpel ok dreng ool )H(ann@methoxmtdhybtbem ymorpbthsphlané oxi de.

5 03/ 713 03/.04277 A th cl 31

> B B TRt Sl e e, By e Rt AT el o1 el ot

of 1 OrfHetox ) Can@ etk Sy etS o £8198,099, i GfyiabdBI@EFAS, | n_accor dance wi th
SO

claim 31 in which said non-water uble 2 precursor polymer has a
nmol ecul ar wei ght of from about 10,000 to about 300,000. 1 57. A process in
accér dance with dPai mABRrocessuhiederdaare Wit slaim3drin sdlighhinevhich spidaen-sor

p0| gnfoﬁxs %ﬂpﬁ{t ?scéjh%{nb\ép%ﬁg&ttﬁdoﬁ'ogl tl?ér%rggﬁ g%nsg?mggp pélgetg %T%%é& 000. 1 58.

Acorrpo I's cura 0 a no Sition
CONpr i gohgrépylenesdydoh pabibatylate shadodrposylydetds, epﬂl aykgﬂmedigﬁﬁ@élwsd ina

non- aqueous dil uent to 3 forma sem-solid, said crosslinkable polymer
bearing function grou t hat are, capabl e of ro ki ng.said

crodsl i nkabl e poI mer 4 Oﬁe%r"éé‘%qofqﬁQFg&"tLé&‘é‘f’l%ﬁnt“@la}ﬁ’é{’}“ AJh- aqueous
5 dbl ueghedug dill&t s poty@fByleds £9FFA0Si tion in accordance with cI aim58 in

whi ch said crossl |n1:l’< % 2 polynmer is a polyner obtained by reaction of a

hydr oxyl - substituted precursor polyner 3 selected fromthe group consisting
of pol y(hydr oxyetShyl cpipcedsan : aC apchyath eleymt3yih which step (a) comprises

2 exposing said monomer to an elevated temperature in the presence of a thermal

3 polymerization initiator.

1 52. A process in accordance with claim 51 in which said thermal

2 polymerization initiator is a member selected from the group consisting of lauryl peroxide,

3 benzoyl peroxide, dicumyl peroxide, t-butyl hydroperoxide, azobisisobutyronitrile, potassium
4  persulfate, and ammonium persulfate.

1 53. A process in accordance with claim 31 in which step (c) comprises

2 exposing said composition to light in the presence of a photoinitiator.

1 54. A process in accordance with claim 53 in which said photoinitiator is a
2 member selected from the group consisting of benzoin methyl ether, 1-hydroxycyclohexyl

3 phenyl ketone, 2-hydroxy-2-methyl-1-phenylpropane-1-one, 4,4'-azobis (4-cyanovaleric

4  acid), and bis(2,6-dimethoxybenzoyl)-2,4,4-trimethylpentyl phosphine oxide.
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further conpr|5|ng a dead 2 polyner and a reactive plasticizer. 1 67. A
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about 5% of the hydroxy groups of said polyner are coupl ed to said _
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sai d crosslinkable r has a nol ecul ar wei g t 0 rom about 10, 000
to aboyblymdida pél@menoﬁ@me@\bquobm of a)]mydrqxﬁfsubstnlwtnd:prmnshr mdlanen 58 in

10, 00 BB 66 DT oo o RBE BB oF i ey ALHEE PN Ol &t m 58 i n
whi gh sadtkhceyIRS |pb[}}(ﬁﬁir6xypropyl acrylate), poly(hydroxypropyl methacrylate),

5  polyethylene glycol, cellulose, dextran, polyvinyl alcohol, poly(vinyl acetate-co-vinyl

6  alcohol), polyethylene-co-vinyl alcohol, and polybisphenol A, with a member selected from
7  the group consisting of epoxides, oxiranes, carbonyldiimidazoles, periodates, acid halides,
8

alkyl halides, isocyanates, halohydrins, and anhydrides.

1 60. A composition in accordance with claim 58 in which said crosslinkable
2 polymer is a polymer obtained by reaction of a hydroxyl-substituted precursor polymer

3 selected from the group consisting of poly(hydroxyethyl acrylate), poly(hydroxyethyl

4  methacrylate), poly(hydroxypropyl acrylate), and poly(hydroxypropyl methacrylate) with an
5  anhydride.

1 61. A composition in accordance with claim 58 in which said crosslinkable

2 polymer is a polymer of monomers comprising hydroxyethyl methacrylate functionalized by

3 reaction with methacrylic anhydride.
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di l uent iwoasmersber sel ected fromthe group consisting of paaluses/meiene

gl ycol, polypropylene 3 glycol, polybutylene glycol, polyglycerol, and

al kyl ated gl ucosides. 1 72. A conposition in accordance with claim58 in
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3 methacrylic acid, functionalized by reaction with methacrylic anhydride.

1 64. A composition in accordance with claim 58 further comprising a dead
2  polymer.
1 65. A composition in accordance with claim 58 further comprising a

2 reactive plasticizer.

1 66. A composition in accordance with claim 58 further comprising a dead

2 polymer and a reactive plasticizer.

1 67. A composition in accordance with claim 61 in which from about 0.2%

2 to about 5% of the hydroxy groups of said polymer are coupled to said functional groups.

1 68. A composition in accordance with claim 58 in which said crosslinkable

2 polymer has a molecular weight of from about 10,000 to about 1,000,000.

1 69. A composition in accordance with claim 58 in which said crosslinkable

2 polymer has a molecular weight of from about 10,000 to about 300,000.

1 70. A composition in accordance with claim 58 in which said crosslinkable

2 polymer has a molecular weight of from about 50,000 to about 150,000.

1 71. A composition in accordance with claim 58 in which said non-aqueous
2 diluent is a member selected from the group consisting of polyethylene glycol, polypropylene

3 glycol, polybutylene glycol, polyglycerol, and alkylated glucosides.

72. A composition in accordance with claim 58 in which said crosslinkable
polymer is a copolymer of monomers comprising hydroxymethyl methacrylate and

methacrylic acid of which from about 0.2% to about 5% of the hydroxyl groups are

B W N

functionalized with methacrylic anhydride.
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73. A composition in accordance with claim 58 in which said crosslinkable
polymer is a copolymer of monomers comprising hydroxymethyl methacrylate and
methacrylic acid of which from about 0.2% to about 5% of the hydroxyl groups are
functionalized with methacrylic anhydride and whose molecular weight is from about 50,000

to about 150,000.
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