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1. Field of the Invention

[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. T hé 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.
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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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aqueous solution, particularly a dilute aqueous solution such as physiological saline.
[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 eétablished
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.
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AUGUST 2006 03J071339 PCTI USO03/ 04277 prepol ynmer preparation is exposed

to a soptepelyaterpdhg rrosslinkable drpolymertigokfpiped.cacerding 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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precursor. mixtures are chosen and 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 1{0020] 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 precuréor 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] In one 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.
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AND PREFERRED EIVB S [00251 The ternms "a" and as used herel n and

in the mpbtfnmn@ilrmmnmarﬁ ommh@kerS)rmdérlomﬁmcpooazlenowrs eBepatsmnomer" is

used her ej clude m xtures nor.e Jffer ent t-hat
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herein to include copolynmers as well polymers consisting solely of a
si ndfl e progucanpldingsi {n thg present invention, crosslmkmg bonds are formed at the

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 [6026] ‘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.
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lim teobrg&gg,ﬁgr ShtifsREs i K bRYeProRES capabl e of further crosslinking under
appropriate’ 15 conditions. [00291 In addition, the polyneric precursor
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referred to as "prepol ymsrs " For the purposes of this disclosure

pr ddol yenmdgioskal | furt her rmre refer to nol ecul es having a formul a wei ght

greater 00 Iec es which co se nore t.han one eat unit
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pl asticizers," "as discussed bel ow. The prepolyners nmay possess term nal

and/ or mﬁdam tor thgeedctivity efibe Fyntem. aritbey may funisign psgonpatibilizersanordanéo t o
ft 0_ot t h t
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obt ai ned by functiaonalizing the polyner synthesized froma npnonmer mxture

accor di brynQnureapiavey that iss they will gpisconiryiaie signtficadly tothepelymer ehainste may al so

cont al Nyery orks formed upon polymerization.

[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 prepolynmers which are dissimlar to the prepol yner synthegihgpedsir2o6dre
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plasticizing 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 ynmeri zation reaction by acting as chain term nating agents (@AkKGO®MN 2006
phenomenon when water is present in anionic polynerization systens, for
exanpl e) , Mhe074338wi ng the rate of cure, the final degreePeT/US0¥®27r the
nmol ecul ar weight distribution ultinmately obtained. 8 1 AUGUST 2006 WO
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di al coho boric acid eSters (such as wt , sorbito ot her
pol yhy damsbgyropogpaed glecosadesdiesaribed etlUSPatiNP A 684)158, antl/ot @S sali3ind@tthd, 680, 336,

and, 5, 039, 459) nd the Like. 0361 The dil.uents enpl d f t he
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first extracted”with a sol'vent Other than water, followed by water

ext r act astate;dimethybonfvxidst Npnethylpsaelidang, N2&-dira@Byiffornmungides INN-dmsthdr " use

f denmul cent.s Wi thi ht.hal mi c,. i ti ' | at the US Food &
D ug” AceTAuRrd SRR sl AR o AR st GRB Tt eBersh° er par
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Monograph 1ists the accepted denul cents along with appropriate
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appr oveﬂm’ég}) NqYk %ﬂﬂentg 8%%%)&]%0? ;the(;?r})d&c?foh %Ifg&%act lenses should ultimately 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
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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
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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- -

Or{D

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 anot her nbAUGHST 204§ y
where the preformis nolded further to a desired shape and fully cured.
Because g¥PD3A7B3hot fusible, defects such as scratches oﬁcifﬂ@‘)%i!i‘rz?"éce of
partially cured gel prefornms and internal stress 30 introduced during the
nmol di n rial | L h 4 om: Lak |

cur ed SOPOSE} OB eEHRdvellds SR A6l AShib g1 B ORI PR TPRINEY Y

over conkatttihie sffectpesulits diroen b doavspgenanvbiliy] witlsinaliesesniksolid mhdterid] prior to and

uncr oss] i nked, nal | eabl e, and fUSigllée" 100431 Anot her adrvant age of the

seni - sUFAg GHkSe & CERPared o roBvendonALlquifbAsed CBEINERYSIEHIS: THASSOMPP R i zat i on

schene : ] < J ) i phis it 11
AvousT SSHE R R SRR B BERITTe HoPEFRHIGR of et hfpard LSt oo
VWi be rinfJSWPaNNog 519228 Stamd 157 3y1 SOh o finystarice) ¢arendly iuse exchae okgen ef f ect
results froma | ow oxygen nobiljty within the sem-solid materjial prior to
and  dUFQmREoldIng progessey) ﬁﬂh?%ﬂlm@aéénwﬁpﬁfdwww lislfiraogsad doicorBRIEH AR 053/ st ens.

Thus, ] ssdigmes (both nolding of the nolds as well as
mol di ngﬂg@&?ﬁg@ﬁs‘a &gltg%d as described 5 in US Pat. Nos. 5,922,249 and

5, 753, 1[8044}f oln the pteaartanventionewhicly preferdblyanakes uselef sexigelid ptecarsorol di ng
processes can be elimnated, and reaction wll stil Iiﬁg,r oceed to caonpletion

in a PRSI FeasHeR ArossedRetiskin Berayssoe reacom s qrRsHlinkingreaction andhifisnt i on,
whi N r@éu%o?%ky}mﬁ %Sﬁta}f&;%ﬁ@ a Sl ﬁ&ﬂbé&f&?&%ﬁﬁﬁﬁg ﬁi&ghéﬁd%ﬁﬁﬁﬁcrﬁé’f?écg

on
proceeds qui C cause reaction is a Cross reaction and the 10
pr ecur Sdue tp ok ygearare redueedis the bemissodidprécursonextued. By gtk obtinggtime’t 8s, and
inhibition effects due.to oxygen are reduced in the sem -solid precursor

mi xt ur eneasy the e o lXemFTiG Rree iRy mpdires ethe Preagnt InYRGigBCy e Breadiave
mi xt ur %gﬁjgs{tiﬁg ixFEfs%?ﬁﬁn};feﬂH@Pgﬁiﬁrfoﬁﬁﬁlﬁiér?ﬁésgéssﬁshﬁ@ st | 'é'o‘i‘r?aﬁﬁ{?@os' tionin

cases I qui ormul ation possesses the sane type of reactive
f unct i dioattiqabgnospsard thbethet beningparamefesaswwhets energy Sutehsigysandpartgy i ntensity

and part 15 geonetry, are copstant. Typically, ahout 10 m nutes qr |ess of
exp}ésur%ﬁof"ﬁ » WG GPRstants yB’d‘Pﬁ)‘ré‘%P%‘i Wg\%_ﬁw_éﬁsgﬂ?sg 02@&1@8‘?% aéPH’fQP_O?o achi eve
the deshdiffletifl gy isiitcfed MidRdertl QLiALTY the BEGFRAYERRE LRSI Ng_the

I . Mo y, the

sem -s precursors are use re preferab curing occurs in |ess
t han abdwtoidifidted sysiams compasipg thersemi-aolid preewrsonmsrage psedf dadslpyeferablyed® t han

bout 10 ds. feraply, th i in less than about 2
S econdsTBRESBIES etk e abadBont SLERMER, SR ed mavs protaably P ABa cur i ng

ti mes c@fin Boul0 Se®Rasd.! Most Saferatyl tho&urtdy dtciRlifidde thanibBuessdeonddst | enses.
[ 00451 Because the sem -solid material can be cured rapidly and contains a

rel28t i veppsusertd & souaeeinolphenzing reargy. Sudirriapid quriog sissisiegn dlwwone easlycan be
\r/ﬁglnl fZﬁ%@fé%gggﬁmﬁéfw%u%ﬁz&gﬁ%é}C%Ig?fleegzmrml ds after each nolding cycle.
[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 mxture | eaves nuch | ess residual nononmers opapgBesmTbas
surface than the liquid precursor m xture. Thus, one enbodi nent of the
present iWOMTBA%2is a process in which contact and opht REFHE0EWS nol ds
are reused for nore than one nolding cycle, with optional cleaning steps in
bet wee ses;. J o B f semn -Ssql ] . 1 Xtures
as di saSEaRftaER AR ehlib AdiEalE Batlons e S ht thodifp b BRibgoll * (C0%
the prefent 10 @WWONVEigt prrodaewart upd agdlighiny egiilibfimdn b@ups apeees pol yneri zed
and/ or crosslinked noldings. Therefore, in _yet_ anot hée,r aspect, the present
i nvent i ByireamgntebutgIlnet dissejke 1rtbeagueaus selntienriag melding, shall be bersinagier sor

m xture [ » 8> of produci ng contact |enses or intraocular |enses,
t he con%gés:ﬂ% it{’)% rg)fifogg%gs'ful |y cured nol dings are chosen such that they

becane [0847] ADRESOyROA6 predlsosmikilzs 8f Mishint&iidh@ddralsdipeladaatageodBn pl aced
into essentially aqueous solutiogns; that is, the noldings wll absorb about

10 to owilged mprogesecomossaequs hygrogels 1 whishdhe srgssdipking hondp aseiugifarplys |
ol oo Rkmy b Bich. ASufedineyibin o eI UR0HTs Gt aby 2

pol ymer digecppEighiieigationiof mun@mepikties, ¢rosstinkingbondymay Aot Becurifdvalit ageousl! y

utilized to produce honobgeneous hydrtgtgel s in which the crosslinking bonds -
ar e uni distribuied becausg pkthe glustering of pultypngtional MERGMESed. As stated previ ously,

in e i i i i j nomer
i VOB B0f i @BliboSette oS WRERSEH, oSy aHOTEEhASIS By HogiOTe.
t he cl usdlations @omhinifg watbtiazcthée arajdritpocmp®ieat, ahd inlpaddylaFajuebilissapur poses of
this disclosure, essentially aquequs, sol utiaqgns _shall,  include_ solutions

cont ai nfalgfionst &ris adersierd iabseriain Riysioleacal salbspdutionspiag-¢ Saling slutiense®ay sal t
sol uti | . L i ¢ t hans, i.e.,
ol i ne BEpreferatfuEealBind FoE Rl AL HALOR AR vier 1T PablERS

mol di ngprefeiredlagasous balpsoletiosthave al osnpaladifyaflfiom abqut 20@ ta £30 mijliesmslasiay t

sol uti ons have an osrrg ar.i t%,of from ag’out 200 to 450 mlli-osnmolarity 15 in
oneld i t Bronediferemgreareterisd slyfions &R rot 2pout ) epbimblesmal/IaskherAdrequss mol / L.
The aqu j i iologically
acoept abioLu s hrea i Ot AT Ry SRRy AL ctpl oy R, ! P T ol
of cont pladsphate saltsawbich Stecweld-ghown anthe figld offcontabelenc carpr Bseh sohwiomeimzyzi ng
agents such as sodium chl oride, which ar.e again well known.in he field of
cont act MO e GO L FEFR LebiFA SP B DR BPIOERT iR Pl KoV iher al | y
as 20 s@elfafd SlontaORAs catb.! Budisolithe SROIRrdh¥Ed bl RefRrbd t&galgﬂmyaét' ons and
conpositions outside of the currently known art in the field of contact

| en20 casadine $0l046ris, With nogrefieregse given tresaffrconeamtrationscandi composiyiotreoutside of

advant a&%%ltjxrsrlc%ﬂ}f l?nrogvn}ldar{ ﬂlttge %gfatoq'%ntact lens care.

[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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| enses or intraocular |enses that exhibit "mninmal expansion or1 AUGUST 2006
contraction"; that is, they exhibit little or no expansion or contraction
of the hyW®BPA713Pon pl acenent into saline 25 sol ution. ThPST/HRY/HET7
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when equilibrated with saline may not be the_ _sane as_the equilibriumsaline
concentpragdssss used to rags Gontachlensrgafon example fsge (UsS eBatents Mosetid@R42%andpl e tri al
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(usual Ipro&ietoh prateésecul e inpurities, polynerization by-products,
unpol yrmeri zed or partially polynerized nononer, etc., sonetinmes referred to
as ext rl@85Hb| Aopdwansagecafilepresens mvgniaen s dhat mnldiges candyd predecsdithat domoended

use.. By "prior to i.ts intended use" |s . . xanplLe in.,the.case of a 5
SonPaotrenBit  eitfsioty i Briis i re bR P Gt o BRI T bupBeurgog

requi r efled RabitpRtd BPrindMimal éxtraRlioe 65 Lamdusiinien BRI Sctivnn hithedng i€ the f Or
exampl e (see U.S. Patents Nos. 3,408,429 and 4,347,198), which add

conpl i cemmount of exsrasteblesiingnfficigntly longandierahe extrastablrecamnasitiog is pfeigatly on
process. 100511 An_advan f th r i oNgi.§ t.na | di ngs can
be pr oo‘l?élét(?xfclaté?t B reh%g&?cglé)ﬁ irrr'ag'vtgaénaqugrﬁiilg {‘{%ﬁggtt lgept,]mér&lpgém%?e only a

i ni mal coidiferGh WBIthIh€ Rons WS kided fPOShYpRErt ZRthe@dnsiFh@P The pheudey ‘GhidimBy
“mnimal extraction step’ and "mnipnumextraction” are meant that the

anodnt  extragtiorn step” zaade sninsnwp e iraqiont may|feheamareotompiise apy washiap perinsing

conposition is sufficientl i r W ed traction my be
acco mmthgtt G uﬁ‘fs ¢ Wgnﬂfgipg ayvaef; ﬂ&r}hé ﬁée%(glg higgoﬁ)ﬁ%ﬁxpha%\(}#lg% atr&)e&laf@ll&g ?q%psp ackaged
for shipsfebmbR, lifid §a8 aremdmetikies uiiira Saslitairndvement dBtheiédsaedr 6fie St ep” and
"m ni nrum extraction" may furthernore conprise any washing or rinsin t hat

occur s epntaingsdp enasherafgmeldingdom one RRMAERS|thr 1S Bisldsaeico saiddes ﬁéﬂqual?){as any
handl i n%n?)(}r?s?xﬁ%for:\fs%ﬁ ‘fﬁr{g{mlsgﬁné §oﬂﬂ{oﬁ.s}cr§£rﬁ§. aﬁ&ﬁ%ﬁg# ﬁ%%eslégﬁ? g?&ﬁg e%t?a%&iloht ate

novenen ens om one ~container to an , erno f'om one . or
nmorz of oft Midgeaveayotladly ex@hctable fomk ¢hatezials g@yes hsonabBosxpedtsd fgodcas, baeikh wat er
or saline solution streans. During these processes, sonme extraction 20 or

ri nsi ngamieaye diallhedeaned fo fallginder Bp slagnelfapatanals gad ProseyseREdHEBIZA expect ed t O

occur, %ilﬂapextraction step, as presented in this disclosure.

[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 wil]-

30 equilibfate 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 deened to fall under the class of materials anduBUst 2666°S
requiring a mniml extraction step, as presented in this disclosure.
100521 Aswano3aw#espl e, in one enbodi nent of the present i nveCt/US0s/04217e

pol ymeric precursor m xture conprises 30-70 wei ght % of a prepolyner, a
photornrtrator n on- 25 reactjve djluent that is s cted fromthe
group HPRadimentgt %SFX%FF@P StERdS fﬂgﬂceéip VBl S EACH AR Séepdéﬁﬁf%'bﬁgso 8 on
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facilitate |l ens handling wthout nechanical contact (see for exanple, U S.
Pat. 5,8s8osgddereiyhar cupon the nolding will 30 equilibrate with the

sur roun f 1 ui dij fetel fe prol Vo RIHENS pfQlowTRer® thaf afeqfdk aCt
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during the denpl di ng, handl.i n and pack a n pro esses. The fact that no
sepd} at wateeselpblet prsRokymsps shall étrpssérhlglb @%rcegr@ tely dissplymin watgheveidieant age

of the pl8skich Ao iRk 45 8dtehSl ShilenRolGIRAL 1h ARrEgbOi NENt,  the

present 1 nvention tes to prepolyners t Fat %are not stantially
wat er - sahbM;menByydmgélemaﬂe)fmbi Iﬁépolymmahat ardwatitet-nBolubkrobybewstear e capabl e
of being dissolved in water or saline solutions over the ent

concent %¢!1a8l¢ sugh that they aFrrapable phpragueing 2 hepiogeRsous RpRreRgn hforteeﬂd. tions,
or  nor e efoRb Y w Puﬁeﬂer B/fs CRALY SPLl bl Mg RSs b{ne%tulraemaﬁ ons.

Thus, for purposes o0 |sc osure "Wat er -i nso non

wat B - swhmbhlsbrmioar(bb yatpnhbraimbdatdneonﬂaw ¢hatsi a:ﬂunctmnmiﬁthcdmnhealel y di ssol ve
in water over, the centr i.on e of bout 1- ﬁﬁ%l n al anbi ent
condi t i eRTaPosprPLLh %? ypgg m y 1485 P%&Sllé‘s dwd ¥%’6 Se‘BiSI yners that

are vat gl:i0S pfited lgﬁ &%ls"i@taeéordzﬁ%’@ lv\llﬁrbrhfs 1%90% Q&Rh&&éf‘e&hr’bf abl e of

produci ng a” honbgeneous m xture upon absorb rom1l o wWat er .
CGener al equililstiroh watdr epntsmiedf]feinh ebdwy 20 ¢g) 80 srt%watetenlal\ﬁmtercn sahner solutioh5 wat er
absorpt |

A WO R RTER e RS W T T A
hydzrpgehyd‘raga§lwm& m@%@&’ut ﬂrodﬁ’dt?ﬁ%é%?es@h’t%%ﬁbﬁ in accordance with this
invention are those exhibiting an equilibriumwater content of from about -
20 to 8[00aPo ik prefemedsernladimentrof ¢lzd inMenton] ahdropgenous mixture of one or more
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
prefefably 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 nmatetAHGYST 2006
desirably produce clear 20 hydrogels, which are useful products of the
present | WH178339 [ 00541 In a preferred enbodi nent of t hePCRYSHYIMBA a
honbgenous m xture of one or nore prepolyners: and one or nore non-reactive

diluents is constituted that. s substantially fre LC,
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thag 0.190841% fnlanepid preféifednbatimBhteo fARS SRSt Bivieftion, BtOdiluea comisdiition
undesirabl e constituents will ultimately be determ ned by the intended use
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const i tpfefgatip, HArdgRl O«Slhm%%ﬁ&xgéeﬂ g MY rAsHe kHanOI08) usdir ARMBTREGH Mrfa  reactive

plasticizers.”1n this manner polynmeric precursor mxture is constituted
whi ch  physicdegicallyacoeptae saline splufiomo Moteprefesably ghe hydrogelt volume changesbyt he

mol di n roduced 15 | AUGUST 20 03/ 0443 CTEUSQ3/ 04277 t herefrom
CorlDar Heba 555 s Nenanery PRSP S BENET MRSHRTETRET AR GLRBE " her of or o
pr oduceg ik ehartbls BPlest BAH 106 updifediiRbrAfiorPinSARAY i@ nI8iaChir@ndt ep, asi de
fromthe extraction/equilibration process which occurs wthin the packagi ng

cont ai ndameldgduri ng denol di ng and internedi ate handling steps after the

d npl di duced.. 5 100551 | Q. th f d di t of
he. pr a0l T HoRna HY B OYFRE shrel Rpmes b AR G oo el pBR R Y.
pol yNer ihe nBvEGsARdPrédutsct miktrbOSRhe Ffégau i@htiotPBétats thd goBiféricsubsequent
equilibration’in saline solution, little net change in hydrogel volune

occldr s. polpmefizatddrtampdsititms bl exhiblilow shnakageipoy curs, st @) cambe foogmiapesh
ilibration i i.0l ogi cal | t-ab | i ne..sol ution,
oret er 8 Sntan B BisREhERmi BEETR R ol B BfubRuh tikmt e o e

preferafRhterby | ess than 2% Mst preferably, the hydrogel -volunme. changes

by less than | % upon equilibration in saline after noldi ngi cure and
denol di K957hodmsat apptherprefaired empadinent, the ddvent gercenietipndg afjusted suchothat n

o esent & FroSAr ot oL Bldoe Wyl BisRlnoR BustlBta o B SR4F SPhis RS (1)
exhigoi t hélphil sd4itl ik G@edertiotding proessaadll Yt thedgydrdie] velumelchbugtk cah®econt ai n t he
anount of diluent necessary to conpensate for the equilibriumcontent of
accommodated by an appropriate mold design which takes into account a small but fixed
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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wat er. 100571 In yet another preferred enbodi nent, the diluent tAUGHST 2606 On
is adjusted such that a fixed anmount of hydrogel swellin I on
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denol di ng process, and yet the hydrogel volunme change can be acconmodat ed by
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wat er - swel.| ahl e prepolymer that is a functionalized copolymer of 25
pol yhydr%@é%@t'ﬁyl nmet hacryl ate (pHEMA). The copol ynmer can conpri se

et hacg?dg aiiote gré@{gé’d rfib&fiindnt Tt 'i‘rY\lenHéfﬁ,rtﬂ%_Elf\i/&%‘éric gfe@ﬁltsbﬁ/xlni)@&reyl am de,
vi nyl cohol, and other nmononers along wth . A presently preferred
enbsdi rentindonp ENES-cpNENMA copphiments oltaided by the aghodwhivhtoeinprizgésthet hacryl i c
acid (MAA). In addition, polynerizable additives such as reactive dyes and
react i v&P&Wabsorbers can al so be copol ynerized with the nononmers. 30 This

copol yner i %n&H%%g g&ﬁéﬁigé{né &‘}%}e%‘ﬁéﬂeﬁﬁ?%w @@hﬁf%@%ﬂl iR

acryl ate groups Create a reactive prepo e prgducti on
of opht hal m ¢ nolatieagtsongeswhtreactive lavowbatitityl diheesin ahtenouwmasichvkatgfioups are
covalently attached to the polymner backbone through the @édr Oxé:i]i' gr oups of

HEMA. The pHEMA- dBOIIRE iEeARIITOEE 2p iSoFteif @hangenviithsaling spEemand i 4| ycol
whi;gh has an aver . 2 i . I AYGUST 2006
w083/ 071339 PCT[‘%%%%%JXE %“e?g%%gﬁ? in %ﬁ’ﬂg‘&tg‘ggﬁf é’gg“hvhﬁ%%hg"rlm%g%{ fr

phot oi ni ti at or suohmiag duRGACIETEREIgY paBheriziRROOdR NG onalizaiod steps;] RGACUREO

1750 is added at a.concentration of aﬁﬁroxi_nately | weight % [0059] In one
preferred er9OANGRARE the monomersiPeiYs HPOLYMRE pol yneric precursor mixture 5

contai ni ng %?%’cﬁﬁ'o%r&@ eréf{f)ﬁpe-k 6fﬁﬁ%%ﬂmg}%%6frtdgﬂvm efifdi ch conpri ses

the steps m-xi ng t oget one or nore erent types of nmononers and
a thermal i rfuhétinalizing o) deritatizmngdhe mpolpmeandraddotgi aphotainitiatradnidl i ty di | uent

in_an anount such.that. after noldi it.can provide an i saonetric exchange
w0 sal  ne eYBPBBROLt Shrconyens, TesdisT Jupirivep et esfudsaang Bhe i 1 an
anount to preventyafafifgehirhLarfd®yptddadis, loQive e pdiyierd r?tr&%rs%P ke

pol ymeri zation and functfonalization steps;” polynerizing the mononers to
give a polyner; audiamngthe ron-neastivedilfiéndr ent types of functionalizing or

der | vatygidl? PR Gipel SPEPIZA! & 2 ieniSh YL Aot MRy ROLAISE @R 2001 N0

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 thé 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  insoluble 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 1 AUGUST 2006
functionalizing or derivatizing agents and byproducts, to give the

pol ymer i CWPr8@®I38%dr mi xture contai ni ng the non-reactive di PUBNS03/(4QTU601 The
advant age of the process of this invention is that after the polynerization

e . g . |
w th ndrpliadRl BREET RS tlink SoRBER I eolibrfiiy mheRCo RIS FRe Bafhe Na Y™ S
functi gesphetiad absorbiappttirhatelyB0t 1080 waked 2€8qilittiurh hehilogxhitaag imeehaidalent s

whi ch constitute the final precursor nixtures. The use . of vqglatile solvent
i s advRFREGsssach 8y clpngationitagreak@nd radwisissmiarde Geaanercially ayailabls cpptash a

pol yner_j g 1 zed f (P i C I a
il 11 7 s SRS ThSthe i Bidhh FHRANTEa i ket 3F af biftnaity R QIR | o
pr egentecgnfabioriigtidatruiad engf saghlerSbéing prodat&l With a oBmerigitecursorahdtersdithiit of

mul ti-functional mononers exist in the reaction nmedium And, its volatile
char acteshibip laynghrinkage deangaspid,curigriend and $aid Ans ESQdEng RESCPA t i onal
processij -10061] . T terial tai.ned .i i.s. manner i s a honobgeneous
precur s%&g?ﬁo}[?tsgerpégls\lﬂ% c(f{g?hse é"é‘@%"ﬁ%ﬁ %}gpcllnetg&.ﬁ%ﬁg?'l portions of the precursor

m Xt ur §066%) bAndtRempreféried @MbbAignddtihikes ¥BRBne-Bhsed Mbrionseds dkThydadphikc nol d
cavity as a discrete quantity. Upon closing the nold, the precursor deforns

and t aldiconese Whirhrse eppalymaeisof e hixdropbiigicompeaentsad asylicone compenenhl ves. Waen

th sanple.i s .ifradiat hih. a rce. of pol rizhn ner h as heat
or 10y SR Rire T bR TR e ateiily e B bR m BnlOTE o BEYERE Bl

cr ossl indk&dsife hdditiahal f@ittisHA LRI prepttyméré o réddfSplagiiifers.'(Ehéad/ 071339
PCT/ US03/ 04277 denol ded and pl aced into saline solution for equilibration.

The r esndterialgateypartagdar]yousefud dor coatacylensest Suiahde sibicappbased manempers3md70% wat er

at equilibriu whi | e exhjbitin hani cal. o) e uch

o1 onga o rHEs e uarE I pb AR PP 3R GaRIG pSerd WP ERR e on act

| ens nefigildsed sn USR8, Ndshe, 156260,791 5306411, 4940593 5015304 115,083 4810, HpbL,bag,ni ¢

| ens, especially a 5 contact or intraocular |ens, said |ens being produced
wi tlA a SI0HSs 531456005387 Had S50dP 71 haTl. 14k RiI871632) SRS LALT, @uring a

rapid j S j r t b G ep
el de 1 erte R 2 a0, 302 PR R And BRT R YL EC DeBb e r e
enbodi mesy, WIO64/ B3 980¢ WE0dr:x0d 9 TWIGDPOr6H0481 0V N9 /50029,iaed WODOO02ES, atdi ch

are copol yners of a hydrophilic conponent and a silicone _conponent 10
exhi bi tE%QP%P&?t-&%éﬁosp@%Wﬂ7{ 009406932 EEPA834A 8, and FFROP30668ead -

I . e . . _
Feact | VRO, MRS PARRERE chiboRiiiiol LORer ARSI N AL B R B RRAEET: 2 "
| erppes.to pinel ol @xgizéri permeatiitisemdinsraieey, yevexhibipirepkpytableslefgfee ofr oduci ng t he

poly mer11y((:iro%rl1(ial(i:clijtrysd?1re t(r)n .t}i(e:tp%rl;farrsxerogaclt(g]o%eps{rﬁcstﬁlr}et anid?o\{'%r)]lhiro%rﬁilﬁzrp%ndant groups.
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, 0110aUGUST 2006
5,034, 461, 5,057,5 78, 15 5,070, 215, 5, 314, 960, 5, 336, 797, 5, 356, 797,
5,371, 14WO03BBB3IB32, 5,451,617, 5,486,579, 5, 789, 461, 5 O7USN3AH4277
5,962, 548, 5,998,498, 6, 020, 445, and 6,031, 059, as well as PCT Appl. Nos.

Fur oped1ISD; PORTGrZafEd mreptiant B30 pa GRAREEEY the BBEat S S BY 500666,
10063] phrplyliTlexhple idledt Reradicabpdlymeezatipa) dationic @ lakivhiqylyeémartion, whi ch

are fluorinated 20 to give good oxygen perneability and inertness, yet
exhi bi tyelnadditiens Dagls-Aldrsgeastions, ringyipenipaimsgtathes)s pRI¥Merzation, ad yner backbone

structure and/or dr ophi | i ups. 10 g hi By .readily
i ncor p6’|u '&gﬁ’% 3;1 OE{ eergmayr?%r}}%g&g’rggéﬂ'ﬁgé%r RIOI u?éezgﬂgﬁ?e ta?r?gﬂ‘%? éselr]l@%lldl”lventi on
as ghe oglgggu)ogloygmkaj stRfctuden possessing additional functional groups, as

prepol yners or reactive g asticizers. For exanples of such materials, see US
Pat . NJ8066}5 B dmmmnsBate the great divgsitsoisonanes thet s@vbawed imHhg peesens, 367.

100641 .1 n _principl m xt,ur A oner ed.- in .

oot ymoit bl Pufnegf® Sy a8y Mok R Yiol R AEREGHs RKOGaHaCer doduadifialy ,

POl y Meragaig4bié &inﬁp&xuas;tmrmhmpwph@nerf@wﬁsnalBuoqdiﬁaﬂmichﬂeg@nie&?@rﬁa@g oups” is
nmeant the grogpgs whi ch are capabl e of undergoing functionalization or

der i vatshelnas methyl(meth)aerslatomandd-hpdrasyethyl mathasndate §HEMA), oinyl lnstams| spaler 30

backbone.. The no nma achvl at t hacr vl , tylic anhydride,
ac‘rigl arff Eﬁ%}"“yl;?% fgﬁ\iﬁrﬁy{m%ﬁ)ﬁg&l%{}ﬁﬁ%’d g‘ifﬁé ?gu:/t;is %Qﬁ% %i&ﬂ%&mp\ﬁnyy si | ane,
vinyl  sichAxA1e, vikyTRcFNid Gtids 3hiéiflas (Bidi)e@PRSacid, viyl 0&LR! Gayrbasoatell ene, al 'yl
and the I'i ke. O her I'ess known but polynmerizable systens can be enpl oyed,

such astypox basethyl styrene maaleie ashydaidd, andechdoratril¢.r Natet notatibmst snele as

i socyanates. an cohol g).. 18 1 AUGUST .20Q6 WD 03/071339 PCT/ US03/ 04277
100651  PBRUNETIAE: P HrDREI RSt i Boerdg dERote PR LB EHEU B SRoNt

I nvent i{gfeUr Gihér mBMo-WenetiShal GHRIAEy i nbiicHRerk qlﬁ@ud@e%gg{%@%aggywzat I on,

cationic or anionic polynerization,” cycloaddition, reactions,

ri ng§- opeopyl gneth)azrylats butpldmetipacrybate; ontyl Gmeth)aotydate isadtecp{melyhyylates may be

h | | | b d, iti 5 lightl

cr oser mRatremsDTEE: 5EaRh e B R ENp RPN SRRSOV B PEYe s Ly of
rmnoWer(ﬁle&ﬂ)aéqﬁ&?téﬁ@hytﬁ@ﬂuﬁ?#(hﬁmﬁ@mf& caprOMEidhé OfiethyRrithte! bepae only a few

froma list of hundreds to ousands” of comerci al | avai | abl e” conpounds.

For exdmstacryiateo phanyt (hethacrytatachehenyiphenyl dmetiyeeriiate; pi¢raxgethylsuch as
such 16MEEIRFgps b Rae e Y iy s T o LR e isehBes. uch as
N- i2popr(@Rt)acrgfatey hadbbiR1 (Méth)ydcryasteyidamad§l dBeth)ierylae; thieRib)sact wHac acid,
vinyl acetate, vinyl benzoate, ,
decan-8-yl (meth)acrylate; ethylene glycol phenyl ether (meth)acrylate; 3-hydroxy-2-naphtyl
(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; difnethylamino
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, (x-nethyl styrene, maleic anhydride, and acrylonitril eq ADBUST 2006
not ati ons such as "(neth)acrylate" or "(nmeth)acrylam de" are used to denote
optional medbsd71339bstituti ons. 10067] O her nono-functi onRCT(Uses/pd2acrylic
nononers include: ethyl (nmeth)acrylate; 15 propyl (nmeth)acrylate; butyl

th | at tyl th t decyl h | ate; hexadecyl
et SBHYHE B e P o Sl RARATELY P honeyr™
th of; .
(ot 1) SR Enet)ShyBREL Uibel bl e LR MREY N iy HERIDS Gy a1, NN
i pheR{%ﬂ{bﬂ@&id;ﬁ:ﬁﬂhb(h&th)ﬁb@dﬁ:;df;%@hky?hb%l 3(omeblht)fac(mytl‘?ac?ylam_lde t1)\1- o0
na oxye crylate;, cyclo ate; isoborn
5 ][ret E) al y thyﬁ&mﬁ'g%?m%ﬁﬁ‘ﬂ%h?a@rdﬂ %‘F@yﬁlga‘éﬂﬂémmé ﬁgi( ) acrélq?t eh ?/ o
i ,;%t‘ r enyl ether
(met’h) a@ée&p)%{: é’lfﬂédk@rgﬁi@ E’B‘%‘ﬁﬁﬂ‘( llﬂ%aﬁ( @%%)?&%lMlgdbﬁoﬂl%xyet}ﬁ )altcr yl ate
g HEﬁ\) &nﬁ@tz HyhlﬁmmﬂNY@h((mmh)'@I?Wﬂ@cﬁeﬁtﬁylth ?Wﬂlmﬂyyldm, ﬂ)wanyly,l aati@-
enox r ox enoxy.e crylate r
(ot 1) SR S WP B Db UCYAi9RED ) PPy Lo mimide g ﬁ?@sco‘?yhmlde
hyd t
2ye': géi@éﬁh%@&%hnéﬁyg%ﬁ a "%@%%lfng’trﬂ A}?%Yﬁqﬁéng 3% &Pﬁ&lk rrethoxyet hyl
(et h) aginydtfigiphemli hylving SloRyes aze(ﬁixﬂan;blv{nw1I9))&sqwuaemylvmy1 -silyl)oxy]-

hydroxytrlrrethth l'ene (neth)acrylate; dinmethylam no % (meth)acryl ate;

gl yHi dydmetbylrﬁ)mnyllmc ylvmﬁwmatwlrmplem houasdra}qomle mono-, di-,tri-

e b oo SO S LR TSI oL o 3, 2 Dty ene

(et h) aEfsQ‘th?deﬁlylﬁBR?}diSlEkany]ﬁlbbyl] cir@bﬁa’ie 4,4’-(tetRipeNiRE Qe @ theptay c Ol
mono(net h)yacrylate; glyceryl (nmeth)acrylate; gylcefine nono(neth)acrylate;

2- et hyl c@a(sxﬂmnplxye)dﬂ%yta)noll N%cqsb@paﬂr@ elﬂwnnﬁétestyt @rotthacryloylethyd; 19 |

e Ao NG T T AT ™
me{4) a%ﬂﬁ Fiindt)adyIeidiy |rﬁ6ﬂ’o§ﬂ&@&fn¥dlﬁihg'qq§mer%ﬂ§' ammonium salts; and Ithe like.

d| nmet hy acet one(net h) acryl am de; - di fret hy[ - 3- oxobBut yl')
(et h) a{ﬂﬁﬂ%m']ﬂe notdtiofif ‘orompt, bt trir) t)%(rmet. gy asddde dedote arshomers, dimers,

2- met hyl di 3 et h d N, N- di t hyl am ne;
N (3 (MERPECEY PR b Db JNRLRRE PRy g Drenn repeat unit, - oY T 1€
N-(3-( ”Fdd? CrWh%l@H-rgﬁi@WEYﬂ&HWAtéﬂdﬁ ﬂe@bﬂﬁdhﬂoﬂﬂ?n'aﬁ mdy bd Sken and 2-

met hyl vi nl ym dazol e; N-vinyl imdazole; NVinyl succi nm de; N-vinyl
d| gl ycohqdmdmﬂb"to hwwlmgbr re@cuvamdme@leExmwlpmf suGh mnomeH in abhiion to those

O e PRI AT Py T L0 O T e DT ePBcraigt Ryl di pheny!
rret hyl v bBﬁ’tbbx%kﬂdlﬁétﬂ@crﬁMtd”' ¥ibrin6 REMNAL, Ric. ) brothindled @F ShloriRated naphthyl or
((met h) acryl oyl ox vi nyl cafbonat € vi nyl[3-[3,3,3-trimethyl-|

biphenyl (meth)acrylates tnbromophenoxyethyl (meth)acrylate tnbromophenyldl(oxyethyl)

(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 halo gén content of monomcfs 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
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bi s(trinmet hyl sil oxy)disiloxany] propyl] carbonate; 1 AUGUST 2006
4,4' - (tetrapent acont net hyl hept a- cosasi |l oxanyl ene) di -1 - but anol ;

N- car boxy W0 ed/(a3de N-vi nyl ester; 2-nethacryl oyl ethyl phBEPpNSI3N4ETDI i ne;
nmet hacryl oxyet hyl vinyl urea; vinyltoluene; 1-vinylnaphthal ene; metallic 15

salts of c acid ngners cont ai ni uarternary a nium sal ts;
and t he? %eld gb%‘g éoﬁBQ%FBWm%WBSnby’dm&g?? feac e%grEgXps cr)mﬁ’)‘ﬁol y-"is

used topd%elt@dcmrmg)s“fuﬂetmaﬁzmgTagénmﬁr@memtxﬁaeanés which havé!Br ohgs and
i ncl udi’ng” pol yners of ‘the given repeat unit. [00101 Wen high-refractive

i ndex rrmaemeabshearoéyrdwuanémpommgwhmplybeers:,hotg@dvceaqugmlpyon thehave

hi gh refractiyve nd| C uc rs add on to those 20
ment i onBYYRELRACK ?r}?cﬁlﬁégergﬁ%%“ﬂgttgﬁpB@"?ﬁ?acPraPﬁ%?é:&dsﬁh J{ﬁ%t h) acryl at es
(e. g, aﬁleh@xm@mnrfe&dmaw&ﬂseeearhéd &rtqsra sAglestel @ingh §mba,b1ebﬁxﬁmdmhﬁﬁﬁ

chl or| nat ed napht hyl bi'phenyj (neth)acrylates, tribronophenoxyet

( me';) h) aagqnt aAt;s?rnatﬁ\rdby,dlgq)ﬁmemlynadlZ(ihiﬁ g@tt;lpym)the pqhzsmhr) mk%:mm is transferre .
(et hy ABHE Aot P 2 Snebpraeble Pt TSRt & PRIGFRI RS PR, vi ny

25 bi phgnyled withih ﬁmeﬁ&%zmg a;@éht CReRRERDRs of ot AbIE §rdips mmre' 9&

vi nyl i dene brom de or | orl br ono henyl i socyanat e, ~phenyl t hi ol
( met h) aereyloatimjited tac ﬂnlydnoay}sem;dnemc@rboxym Hhmds(\yliwifkiespenh)ahdbs,on'ﬁhmw t hi ol
(e )acr&/I ate, naphtbylthiol (metb)acrylate, and the |Ilike. Increasing the
ar obfht i 804 ROXHYES- and/ or hal ogen content of nononers is a well-known

t echni apgy7pr Fa hinkitbizlidfe pehif ot firifgRydrBk ARTuhérRhaliAfe bOGHI 1 The

process he present invention conprises t pol’ymeri zati o
functi onahpmsetthmhyctroxyieﬁacmnel grapissnctsaseiig noblipited to; eppxidpoindnedisnesThe

conponent m . xtures, are hosen such t t t he sul ti olymers
oo Serh et D, PR Wil PeSodal pramAl e sidabn, ALA A e Al Lot L on

or deri &@Blﬁ&'«!ﬁ&i'%@éﬂh&ﬁ&a%f‘ B ﬁa‘é%{sé WO
03/ 0713l?égﬁdF‘?%Cf?T%d%ﬁnz{i 2%? aresr eact ed Wi t$h poﬂércrég&saltzo pro ?JI %r epol yners by

i nt tHducomginingaming grogdefpsctmahMg agantswmlprisaﬁicmnnae-raptm gronps suvhlaszi ng
agents".i rreant nol ec ch ha ou rea | e toth rrers and,
Gon. T e ROy AUREh SHOT PRSI FR s O SRRyt S éHlfwwﬁ Bl
backbonge@pek, hiaehyriay aﬁ@grysials %omhymroxﬁaﬁésbkﬁbeﬁatg Bfs, The 5
functlonallzatlon react’on nay be carried ouf as a si n | e stgp usi ng a

sui t abl enfdonstcrsmequzmnges a@%ndem@haiehydvm yForn ﬁuectﬂmabzmgmbﬂ podybers group

Funct 1 oRGHBIE BRGERURsy amblstPF N SR st pr BOR e Relobd i aht sl g

Wi thot hﬁaﬁw&hwﬁwsl AhRENRLE r&mdm@ @Wldeﬁvmveé Ldr{katih® Bgdnit aRd fhidL 0Ups

include, but are not limted to: aou)l(iy anm nes, carboxylates, thiols
(di sul f dissl)de cachapge repents (sucbta @Neéyl dispifidescispfisté thductants, and 5-thio-2-

nitrobenzoic acid). _
[0073] In a presently preferred embodiment, the reactive groups on the prepolymer
backbone are acrylate, methacrylate, acrylamide, ahd/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)—Z-

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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[ 00721 For functionali zi ng the pol ynmers containing hydroxyls, {AUGUST 2006
functionalizing agents conprise the hydroxyl-reactive groups such as, but
not |im te® 3@7138Poxi des and oxi ranes, carbonyl dii m dazoP€T/UsSs3/@ari on with
peri odate, enzymatic oxidation, acid halides, alkyl halides, isocyanates,
hal ohydr jns, d anhydrides. For functio i zi ng, the polyners 15 containi ng
ani ne jﬁé}l&és,%ﬁﬂ’@ﬁ HEHies MY e“r?f’?"?:B’r\‘S‘?ijf‘E‘ém{‘g]ema?ﬁrﬁ‘g?r gg@f‘f “_V’)’&f‘blﬂéﬁjps such
as i SQbhinRGYiBAGARPeonRMENR BRhES reaRfVE difddniiSid/disBNEAE XHSdHesei M de esters,
sul f anyl ghlorldes, Ketones, al dehydes and gl yoxal s, epoxides and oxiranes,
car bonatewgdingtylogirevept ingelubks, gel§ pmdenningsinring thequilymériration amhydr i des, and
hal ohydri ns. ﬁfr. ftLFncti onalizing the polynmers containing thiol groups,
exanpi d4nGonaizaonsIePs ve chenical reactions are hal oacetyl and al kyl 20

hal sde (g§76)v abbYEitallyBaISIEHsHote adtfiivdsAhBPSs reBGIEl (2! pdlGibiatb #f@! ating
, agegt s,[dg‘?\‘g ?ﬂroﬁ?& 5.%??‘.% eex?:harll\ég regenrtes {su(c%:’%sﬁ%yri dy‘?ﬁgfssul fides,

di sul f irdactivedike} poiymerizabie) 37V hbsorBers mialybebaciadedan dled dpnomd@GdZresialnpr esent | y
preferred enbodi nent he reactive groups on the prepqlyne backbone are
acryl at%{tawsqrﬁ?g&rgg F%‘B’@‘am&éﬁﬂafé%’is RV ENL AR REFPAJYTRES “Eet %&eéﬁ?ifrf”é‘s‘n%ﬂ% are

f ound ﬁ,h'}é j fiestv HR&hckVe TR ea By g,g@d ; 1 To

pr oducen%%rt%rg% yrrgragsg& \c()’?{yﬁﬁg e_aF: é?éra}(lz%i%\g/jg %r?g%;(ﬁyp tﬁlg)I m c an: sesu,CElg‘géé

pr ef er rtiled Bivbabdorbable costast leises.mOme seclsmbhaheranndhat indelek 2hal ogen at ons and

L e L R T

(ot ) st Slefinjelordiafis b OGRi HERAY ABeBRRSion monbndPHBEIR A these | o,
2- (4- hyitiree>epaiponents Blus idd reaciive 1€ absgrbét-knéwacs yNoxbled. h he-cBefmical name

2 (i ?E%Mﬁ?@?&wmmmmw:@;@za@emw?mgq-gzsuyptﬁammny| )
et hac o Ta A ah L Sibkihal D elophety bl BAIERY) k tsineg s

03/167 1 336:r Pmif thiSORemidA fermile 151 Mononmer mi xtures may al so contain
mul tifunctional nononer I at event, the conpositions and conponents of
non-reactive diluents an | vents are chosen accordingly to prevent
i nsol ubl e gels from is8PiNee pol ynerization and functionalization
steps. 5 [00761 (4 3 yneri zabl e additives such as reactive (i.e.,

S ve (i.e., polynerizable) UV absorbers nay be
i ncl uded in the nononer " res. InHcertain preferref) enbodi ments of this

invention, prepolyners ghe ﬁNnt hesi ze& fr gmn ngmone xtures which al so
conprise reactive dyes and re@v\ﬁﬁs&jﬁer orOofheypr oduct i on of

NN

SO3Na\|/

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
gstv
N
=N OQF
o)

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 LTV absorbabl e contact |enses. One such nonomer mXxture 4
hydr oxyet byl net hacryl ate, nethacrylic acid, and the reactive dye nown as

"bl ue hywsdoesyeisby! net hacryl ate” or "blue HEMA. " Anot her su@usIBROIEr
m'xture i ncl udes these t hree conponents plus the reactive UV absorber known

as "Norbl gc." emcal name for blue HEMA is 2-neth I-acryllc acid 2-
(4-[5- (Paabhmtlﬁel@ WOQO/@)Z%&B Jhess mepninas arg readily IP%QIPOf&WdPES’&h%H‘P YBSHC |

R R R R i A e (ST
0,,,, -throhg}Ni&Br olyZRédlaY G  The chem cal nanme for Norbloc is

2-methyl -acrylic, acid 2-(3-benzotriazol ~2-yl -4- hydroxyphenyl) et hyl ester,
and t hd0QHBni Argthercgrpnp af prefertedprepalymerscansists the OYEPLINRIS GIHRBINGIONS OBS er r ed

pre oI MBLS i I [ ri e,
e rg D) d’a?ﬁ &&%%&QF@&%W&E?%M&Q ‘lé‘én giﬁh@mﬁ b%ér(‘ﬁm%ﬁ'&xfaﬂg%cgkbone
str uct with teaaivepavgpsitapiblé Uﬂﬁﬁdeﬁglﬁﬂl% freglradidabbadd lpblmmizaﬁ@acmxamlgr&u ps.
Gels resulting from sul foxi de fide-, and/or sulfone-containing

mononersycl prepelymers inelude fimnstionalized versiops @ﬁmyléxqr@syqthﬁ {mgih)asevlsteer i zat i on)

For mut 40 P aFA By MfuflabyBls BoRlcere o, BYEES, |BR%n, BRAOEThua T 5006
VO 03/ §olypaidy] RlebhdISPSlyeth iee Robiinyd aldohsl, Mono\\@O2RE4),... poIg5IEpH¥ABIOAEr S are

readily incorporated into the polyneric precursor mxtures of the present
i nl@nt iand adducts efra-capgolacnperwith Graraliane pwlls,/amirtgwn d;’leymdw,@ﬁ@hYb@ddand

B epol JHERPE A AT S GG ABe TBoniBnEn BRRArR Ao plep gRPRed PRISVBRS Efeoups.
SOMe pqp} bhp P@‘F'Iﬁ@rﬁh@%ﬁal@ﬁﬁce{tfdnw 'WO@QS/??@I)W th reactive groups
capabl e of undergoing free-radi cal based pol ynerization. Exanpl es of
[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 mixteres 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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such prepol yners include functionalized versions of pol yhydr oxyeab®gUsT 2006
(meth)acrylate, pol yhydroxypropyl (neth)acrylate, polyethylene glycol,

cel | ul osayO axms3n, gl ucose, sucrose, polyvinyl alcohol, PCT/US03/04277

pol yet hyl ene-co-vi nyl al cohol, nono-, di-, tri-, tetra-,... polybisphenol A

10 and f c- | act i th C2-6 al kane di ol dtriols..
Copol yHOREL U8 i ayeeh e, BB molimociretioiuraione: e ofE CabauCieRuive oneo

pol y ol : Yole QlunEYFI dinpiétingdhker nat i onal
Publ %@f%&ﬂgﬁ%ggg}) ga%ﬁ%rp 100%%7&%2? tG ti'sdgﬁ?%ﬁey preferre prne%!ol ynmers are

met hacfupctiorelizetioraenr darizvetization cedctinnl Dnedg thpahyidmghandsepeng pperation, the

met hacryl at e- co- net hacryl.i c aci d) copal yner S'qlqhéos} qr ef er rg%l 1 rgr epol yners
are QoBRYIRERL FBRUTS PTG A HEPIRLE (i Rroe st DlovFtng D safelngt;
mtfacfe\ﬁl.ﬁe?at@&b dr é%or Wﬁﬁs.aﬁqg{ rleg%e%f t\%@ﬁfov&éﬁg%@ Be@Hing WepipR¥athredr Oups of

the copdlynmer have been function met hacryl ate groups to give a
r eact i veactiveeplosticivers ars pattizbladyfuseful fu thoprgemsoranpxtwesifos ophthialntiadensesand t he

Funct Dubie b anpied ot B B mus g o e St
functi ma%&r(rg)ta A rd, h?thYﬁf%énﬂao%ﬁmHﬁWthi@ﬁ@@ﬁt’i&ﬁ 1 pdi NGRS Praehsdl Rkt@gent s

i ncl ude rylic anh I de and glycidyl nethacrylate.” [00801 In another

pr ef er cemprasdsadiigte ndfractiheindex preipyplymies aad e reaetihaplayticizes- More poafyiablyethe
functional i zed pHEMA- co- I\/AAE(iiopol ymers copol ynerized with reactive dyes and
reb&t i PESCUSPLMPHNLSS BES SMISANESt | ng of about 0- 2% MAA, where about 0. 2- 5% of

t he pmir W{ayrQﬁ%Xilve iﬁsﬂfi?éf??n faldd e 2R R X&E{grzﬁé‘tﬁ%tc?@s%ﬁmﬁﬂgg%écﬁ&%f zed

W th te or acrylate groups to give reactive pre yner suitable
f or t herepolymes ad/prtedoersase the orbsalimkingridnsityeo fmuomiansldafgs. {Thie prepolyemndrs on.

More preferably, degree of. nethacryl ate fungtional.izatign is apout 0.5-2% of
he. hy Ry HY BEBER LRI ™ GRS Pa SOTIHAPPaR BSORBE 11 when

hi gh-r ﬁ?&&g}-,l's Yﬁtﬂegﬂé‘s)én&@fpaoéxﬁ[aﬁﬂlﬁoﬁ{t%f%&cﬁ adtRiers G sOfk BidelicAS St at ed

30 previously, 1 ncreasing the aromatic content, the hal ogen content

( especnpplioatibng themeiduamedctive gtdups suthewnredondldings arag hgea tr tad mjnimfifedct i ve

nmeans [l kn in the art for,..ncreasi the refractive index of a
pol yneﬁ'?eauﬁa?w;ép?re%eﬁ|b1°ﬁe@3§frbl§@o%ue %@rﬁﬁfﬁfssgr%ﬂwwm .00821 I n

the pr %ﬁ@tﬂ&ﬁ SV RIThERI DS thd ek YRR 6n, BRSSO c Egﬁ%ﬁﬁiﬁ@ﬂé BhpEis&apt ain

reactive plasticizer s. Reactive pl asticizers a to the reaction
medi umprgpotynearapt atreavgive plastidizerc andooptionally & oon-ocacties diheent,2ntwhach theact i on.

During the nol din nd curin erat.ion, .the. presence qf reactive
ol ast | BIEEFST RSP R pat e by feBE B nsaiy'e gely Shedhsencs ot thareatteeni ng 5
tepper idifigise0f precursor mxtures. Wth respect to the |owering of

softening tenperature, reactive plasticizers are particularly useful for
t he pr 00843 or Whierx opticadlyfctaar mateariaksl arg dedivgd dmphase-separated systems, the mixture

components (i.e., the prepolymers, dead polymers, the impact modifiers, non-reactive
diluents, and/or the reactive plasticizers) mély 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 plasticiiers 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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that do not conprise non-reactive diluents but contain tenperatysgecgsnseds Ve
hi gh-refractive index polyners. Thus, in one enbodi nent of this invention,

t he pol ynwioi@/pr3dgzur sor m xture conprises a hi gh-refract i ReT/USEbdd277

prepol yner and a reactive plasticizer. Mre pref erably, the 10 precursor

t | 00831 Th t b d
T o dradtiob s cAp bE MR Tl ot R ovi G BB AUkt GekPatr cnce.
the cr %&Leeﬂhédaga&%%am&hoeyrﬁcbdm p‘i’é NgmoBBﬁewﬁgfbyﬁee%s réfatich by

t hensel ves do ndot form crosslinked gels be crosslinked to forminsol uble
hydr ogqﬂ&tmnertshmacpnoecmnc withfthepresmlt invanmuntaltbcbughemcﬁerenee pl given toitheses. For

bi di I 1 th t th d
ol i ngUhRa SR JagR el Ter Rt Lk Ry b tnd PuBbeiPEesRenpar  bi 1ty
due st 0 EhgIPIASEAES Aifh (HRABHfckRloN 6P BSurod BifolyhiriziAg ehéigy sedrba@drgﬂw of the

present invention, "the polyneric precursor mXture conprises a prepolyner
and a rtmatmlthepxp‘sasc pta seitableamitiabyt i onal |y a non-reactive d| I uent, in which

t he S m.xture does not cure.to f.orm i nsol.ubl e |nthe absence
of the [‘ﬁégétr gACHYe MOREMLES; 9& omef#ad Frafplke a%?‘f‘ an agr %t erials are
desir e%bﬂﬂa&{ng &mapgleq SHS benﬁrmorvhenmme%malwmae@tﬁon( Sarfomert he

pr epol yners yners, the 1npact nodifiers, non-reactive diluents,
and/ or RmuremdtHenkelpISamtlaﬂy,Z\em)d)ethcwyarbeomhmsceaily av aplnbld dioen Aﬂiedﬁagml/

refractjve_index tween. th hases (i so-refractive h t
sca erMﬁéﬂqxs ?%P{R:QEP SYRRLIFS éﬁ? %i‘tl‘?*\?’r?hﬁ%c ?Rﬂ’fﬁf&?%‘i’ﬁ S/c iyl e‘ﬁﬁ‘éﬁ’aﬁ ai | abl e,
the di ' sl Zegm %ﬂ&r@h@ﬁrdﬁrg&ruﬁmma%ﬁw% mgpﬁrere%x les of

corrpatl e p reduce the domain size bet sci bl e
pol yrrerxsacttnrelpMst)merslaE disonssednpr kexarfiple igCT PhblscapomuiocW(g 06/356%.i cal |y

of *roathil” Phet hiftGishath RapCma Ak s e dFe RN RO o

bet weenHol&, 4ceptiglyRtidve fighAdfadtiR iflBad. P taBd revmgr}vmegeaglhg the30

resultant m xture pr operties. [0085] The reacti ve pl asticizers can be used
si ngl y aromatic, subfuryaetor idlegeneavtent/el thurﬂacmwldhstrcgwewp arveg}l-kieywibtiethriiquen ot

limted.to, .acryl.ate, . nethacryl ate, .acr dri. acryl am de, vinyl,
vi nyl e@ﬁé?hle\wg\%ng)ég{r%crnvew Ip“PHfIﬂl‘%@f%Qi ‘ftﬁlﬁg vi nyl sil oxane,

(et h) amxk]ateﬂapégémlgcw@ema/bﬂu&dlhemer&e Ugﬁl%stlc@ie?@&)ntﬁhl he3tde t he 11 ke.
Q her |ess known but pol ynerizable ST 2006 WO 03 07 39

PCTf USOBethaaylatd, acrylanudelandioo wimyl e:thcr rbeleecqoa:gﬁsm,d togote canverpent; fast- (wi t h

hardener@ uret h nets eacti on between isocyanates and al cohols). In
princi pf be used as reactive plasticizers in accordance

W tdp t hﬁ)099]es?ﬂé rda&Y\%r}Sthiélzeﬁsl dah ®u Phix R G tRERE Pes] @oxﬂ;bdé@@ofﬁxoh&l@&ﬁ:no%' ch
exi st as liquids at anbient tenperatures or sli ght | y above, and which
pol ymer bizanctional, tri-functional or other multi-functional entities. For example, mcorporatmg a
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 applicati\on may

comprise one or more substantially unreactive polymeric components, i.e., dead polymers.
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5 readily and rapidly with the application of a source of pol ymeAUGUST 2006
energy such as light or heat in the presence of a suitable initiator.

[ 00861 ReOtBAE3BDNoners, oligoners, and crosslinkers thatPCH$®IA27Acr y| at e
or nethacrylate functional groups are well known and conmerci aI I y avai l abl e
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content "of the reactive plasticizers is a well-known t echni que for
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pI asticizers can be i xtures thensel ves, ose nono-fi nctional,
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P St G oo TR S
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chains are crosslin ed to each other : During 25

pol ynmeriiydroploheity dnsl hydogphobicity are adqumlah@msxﬂpwpnpm qmesmg teipag ofelgad eact
with the ate.an I PN. The r.eacti ticizer a

bt 6ol JHRLRHE Y5 b Br 8 PSP abequrth RGeS BP e FisS aditng a type
of 1PN, beeaéennédm@gstuﬂmw g;seeelclear &ttmgparémmﬁéﬁmlkmg,rmshgmr%I ties are
present within the d mer chains.” Thus, the prepolyner and dead
pollynerpupesensl mwna@ttloascoamm@ihmmnvgrfmtrcd,llms1mcnehgarc£wmd gspeaialiy ng in
the 30 formation of v f nked reactive plasticizer polyner network even
when on‘T’@e FARSRAEN Q%S :}re L 2ERPPRH asti ci zers are present in the mxture
Wit h priepeily "evén whéed &ﬂy%@ﬁﬁl cOApATBRILS is dHGIEd al RoAARMpERRrE AhOhBRAte TEr S,

systens of interest to e present application may conprise one or nore
subst amftealbegomes wrarieas asbgltheinrreased ipropratuse; iie., manygesiempbegome edear 25 |

Dal ket & ehen oAt b lresl < SHeR ARl {Aﬁﬂ?%ﬂgﬁ&%@é%gﬂe}é serve to add

bulk to rsor antl al anount
of 2peactemperatire drSmaPéxtémbugieate pRintyRTI 008Q ob thozélOBNch SasesDREAuse of

the quick curing 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 (hi gh 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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various chem cal, physical, optical, and/or nechani cal properti€aUGUSTeo6
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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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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(lﬁeth)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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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 iﬁdex.

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 copofymers, 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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any nor phol 0gl es can be created in the polyneric precursor m xtures
of t hi s[0104EntAmother bltsgorp of yraearialdaitdizds“therthdplastik elasparieysteisshe dsad many ot her
copoly nggl%e; grs llJJrlelt)oliyrrr]lerp hgrsl %iesnﬁglgrrya eercrinosp assEig e aéto_mer 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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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
plasticiier 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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nature of the prepolyners, dead polyners, diluents and/or reactive

pl ast i cphase-senasated ise-refractivermaldimgi dore prederblyathe puecugsor sExturaay sbai-nor e

Ny TR

f abpg catr@dx by using a thernoplastic elastoner which itself contains

pol yneri zabl evgr outgs al ong the polyner chain, A preferred conposition in
this [0110] hen the mixture refractive index is an especially important consideration, high

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



30 regard would be SBS tri-block or star-shaped copol yners, for4 fycu$t 206 n
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unsat ur at P YYBLPE in the butadi ene segnents of the SBS T/REW/N4IHe fi nal
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resist ' ' 2 : ' ' t he
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non-re i i %{t g}gg i B
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commer ciml Tegistanes tp alap%ctfar@?ﬁowra%?ﬁpm@wge@éQ}Ph@%@fmmmsﬁ? thewi | | ps

(P ac ey e el M i NGhot Gt Tebtal e fch SOTRHEM S orfow- g 10

i npact pefilsippeaandes dnd ootifapindsalety bthe tweareuch styrene-rich copol yners
yield material systens which exhibit other sonetines desirable properties
such as[®12k| Adteinatiyely; ¢jastorpess, hermasg!si(frae RPPAFFaeiaings, acrylaisd €pOXiesf r act i on
equ t r t han. } i i % or | ess
of I;d r eg%r?llrabeg ug%és?{els’c‘%?gélrn qﬂ?ﬁé?%"%ggﬁgt?{}%ga%% g%neglgﬁﬁwa{%st{gﬁggit .2 glcc,

and nor eorhygiticils maydeaesiradbl Putilized)as tHebdda® pOFmernduringtthe pragtibwostithisnt of this
invention, the precursor mxture is a phase-separated system conprising a
prepol yH¥EIUQ. t her nopl astic el astomer, and optionally a reactive

pl asti cj a i LClLZeE i es an
ot car |G13) o BtleUntBafiein bERE pho e PORRE bt iGN Chihfee BP0, o
t he pr epolysetization] 2ir fanctioralizativn-or detivatizatidis tingB eieldaky and dulfiagpPeltesior

m xture is a sem -solid which h,al%ﬁa high refractjve 20 i.ndex, [01101 Wen

t hel i x PIFFUrSPRINPANES 418 Proiesd ¥ the poBURILS RTqcgss WiGh commprises pehyarsrizeidh, hi gh

refract H&ﬁh@@é%@io&@ﬁ%ﬁ%ﬁaﬁ@ ’illggs? The cB%nd}eEﬁxB cBssUf thilnlfAGS Ro! ymer

conponents. es of suc s Inc ycar bonat es” and
" hal ogeneatemacud berausaiit Elmartatad thepadsylg arepoofiselatiopaidrstyveenofprepslymatsogenat ed

copol ymEhe PR PR A58 BBAR Ul M THE/ S RARO T Al AL POREIE B ver si ons
o o AR, WSl 560 SHAPR o6 UL 1)
and2® hetempeyatuieg whettedhle degradation of polymers becomes a problem.
[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, A
azobisisobutyronitﬁle (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 bi‘s(é,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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sul fonat ed and/ or hal ogenated versions (including the |inear, byaoGDoSH,2006
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etc.), polWetRNTE# or pol ybutyl ene 30 terephthal ates (or SCHEISO¥84%7at i ons
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pol yvi nyl. napht hal ene I i b hhen a ( yl at e,
Dol yi it AT BHERSs s i Bithiite, WP ER Pt T2 Bl BT AL

pol yphogadi 5ra Baxiwiey, Newlyesghose oxi de- contai ni ng pol yethers, urea-,
phenol -, or naphthyl 32 1 AUGUST 2006 WD 03/071339 PCTfUS03/ 04277

f or mal ddOLIfd rRolymerizagen ywayrhgicapisdut using sl yentaandiorgn thy pyRseRge elnon-

| yst | - .oyl i hlorid
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density, and.resi.stanc i r ropect i i f ed for
opht hat iieEte: ERlRE Aes o, AR REndl BTN RefR AR WA B I e g
eyegl assnélaingsexhivibliie it ShARs iin telveluh® afle®vquilib@tibh th FRRAGHE 68t and
confort and safety of the wearer. [01121 Alternatively, elastoners,

t her nosePBItiPBS.g. , epoxi es, nel anmi nes, acryl ated epoxies, 10 acryl ated

por yer 1811 rebetls BT o6 ab A HAeERuT Biftlo o@PReg W e B R LB IR e <
during thedigmaehich réfiddshi goodinfix Rigldfeslutid) I TRelre@icticRroT@eIueBN Visedsityhigsopr ocess

of the present invention consists of three steps: 1) polynerization, 2)
f unct i oreapidsdhd wixing ateleviatediterperpyres ander wythheghashearing avhich oftan degeddesrer i ¢

ool yror Honhey SvloRi K RERRHERR A ERP Ot R R R TR i s

process misehéd 6 soVéaiteligiinitss orafidifizeshk fRamtivs of ifsoRbigEdladi@mgithe costly
steps of isolation and recovery of prepolyners. The present process also

el i HSnatpelymeénzalipnrasetion by degeasipgdhe mepemeroaeentisione Velatitrelventsaalsd ve

pl asti ci_zetr Y ASHI CJ : j t £n. carried
ut -zt Hogh e B of ERGhIRRIAS ARt el SRS Merife TR 2

pr obl emfuh&iohdlization step. pol ynmeri zati on step, the polynerization catal yst can
be a thermal initiator _which generates free radicals at noderately el evated
t enper atlQ1E8. Ryfoatipn phiheipolywres akatstage of the proressdrcoaither balfers s ¢ftemer oxi de,
di cunyl [ . 1 - but vl ' i Si HYLOM L kil e (Al 13N)

pot assi dahafifrich, Rt aciepEPRPE @Rl BEARMS AR SABLERA L are
avaioablevapsratior; vecdueatistlign, etdvaueh dagngl BurifidatioRlta alsobé acHiored byay be

used in place of or in_congbination with one or nore thermal initiators so
t hat t hé?ltratlon, including microfiltration to remove particulates and ultrafiltration to remove

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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pol ymeri zation reaction may be triggered by a source of actini c1AUGUSTiI2006

radi ati on. Photo- initiators such as the Irgacure@and Darocurs series are
wel | - knowwaesd7adfercial |y available from G ba Gei gy, asPCHUSWOESacure@
series from Sartonmer. Exanples of 30 photoinitiator systens are
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Chem cal s), and 4,4'-azobis (4-cyano valeric acid), available fromAl drich
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t he anosdlymefic pRAursERixnMes fialy bedbiined Wthatiipeleif@s tihleadf adlition ¥PbedNgS
“exhibit Iittle net change in the volume after equilibration in physiological
salt spelymirsis thelgagtpn Teedigayhiehissyehanatieer advantagepeesanted iy gurrentdecr ease
the]@\[/i s&}(s)ai#%eof the reaction nedium which provides a good m xi ng of

sol uti on. Teduction of solution viscosity also avoids the mxing at

- el evat eh1b@PAFRE tHeQoleHAtioMkdabtibi, Polymieeasire Tanctiohalided WitheeadlRezpslS

polynmers. I'n addition, for the nononmer mixtures that contain nulti
fti nct i orgive pispolymers, Theaeacsioa shemistiyfof fwictienalizaiern dapeadscen the typewfni zes t he

formati pn of i.nsqlubl e gel,s during the 15 | yrer.i zat i reaction b :
hoer oasfRstoniZRl dfhups BE1HR tihAtha Rbonk inf MR T0b Mol BARORED, O |
r enoval abrdifsly d¥at exaffiply, thid RactidhaBiy&ivaraddtion oPhydtasyly BY eictitachliat i on af ter

the functi o_na?,i zation step. [01171 Purification of the polymer at any stage
of the prvdadeproceads spentaneopslyat sram tompgratwe withgucusingaedtalysti on, can be

achi eve C ent | | es. j [ 4 on,
vacuum'g)llgﬁ I IclglS ipg%c,e &r;oﬁ-léh V li:eg%?nﬁa’re;ﬁﬁﬁrgg p(é’ﬁlrclghr asgﬁg%&égﬁ&gﬁcg%qg%geﬁlﬁi eved by
filtratsgid preqigbdtdhiReuresiveliioh corithiatthermallp sergitbegopanidrs subhalsele lagh-
ultrafiltration to remove material below a particular nolecul ar_wei ght that
i s det efeffaglve myex pelymersder ppiithadimie leases gpmprsing sylfurs apd/pehalogens. Wionig] An

e sl to bt Gt O PR sy sl DS HIABILSER o2
by 20ef emexiag oftée hay tdibegartried Duc bt high temperatures (e.g., above 250 °C) where the
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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a process, the polyner after functionalization and still dissolvgicuUsT 2dos
solvent in which functionalization has been perfornmed is filtered by

sem - per n¥b3O7MBAbr anes with pores in the range of 0.05 RCEMASHM/A437D. 5
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at high,t enperat ur . Q. .,.above, 250 ' O where the degradati.on of polyners
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. .

where the semi-solid material can be rapidly forced into a cavity defined by two temperature-
controlled mold halves, the material being optionally 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 partiélly 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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[01221 Upon conpleting the functionalization or derivatization 1a8GUST2006n
initiator or 25 polynerization catalyst is also typically added into the

pol ynmeri c WP A¥IH3Yr nixture in order to facilitate curi ngP&B8P0¥4Bd8ure of

the precursor mxture to a source of polynerizing energy such as light or
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be capal@8bf Theselugionas sloydy heated to-andsppintaigd @t 69" (iss R hones tagpiry eut i on of
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The senimetimicrydicanbydnidedMAvhway injectedss atfivectipnelizing ageni-ehhe teactan/brtween
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wher e t Rgalyei. diHeGolRioR W aR!stitred BiraQaubeb Wesh ohi\®e fildtidnilaaties raabiieinar € t hen
closed to define an internal cavity which in turn defines the 15 nol ding

shaps t whieh the sergtivcimethaerylie grouep wigre infrodurediondheipelymepbadishprd. cUpamnthe
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) ressio chni ques whe d hal ves

are agairéinb&satlg*ﬁva?@gﬁ@h&r vachurh diwdillaties RSgas b bylynierie pedturson hiixtaent act with
one another, to_define one or nore nolded surfaces, are well- known in the

r
field ofompepingBESs4GGanddgnethagylatenfuaetiqngRzedn M -re M drcreelymsehkheue t hat

may 20 . itk . Or: _ i - i.g.precursor materials of
the pr e?gsrlll? %%gg?ihg’{r}ﬁﬁsﬁﬁ%ﬁche 3 rln&%glgﬁ fgédl?({;g E%ﬂggelban be rapidly forced
intQoa qen29y Ideliiseeanply, theootnpatical offaeetonoit the kéaetonnlituleadande, vatibé

TRt Al o 10 %% 80 o4, Ywheh She asctons coneentrationwas hights than 80 W%, the
pHEMA-co-MAA copolymer precipitated duri_ng 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 HEMAas impun'ties; 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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ejected fromthe nold halves with a subsequent shaping and or cuUAUGUSHRES i f
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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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vigorous stirring for 12 hours to carry out the ftinctionalization
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vacuum %36}l | Atp'rmduxﬁxithﬂm&o hap Dse[do'n E3amples d po H ywesrused-HeNgn thesi MpHEREA
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109

constituents of the reaction mixture remained unchanged. Instead of acetone, methyl ethyl
ketone (MEK), tetrahydroﬁlfan (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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described in Exanple 1. After polynerization, 0.18 g of glycidy{ AUuGUST 2006
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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
mixturé 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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finctionalization step. To mininmze the si de reaction between ethanol and
MA, et hanol was renoved under vacuum and one or nore of non- aqueous
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recursor mxture js a h sco u sol i or hydrogel .
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concentration was used during the " polynerization reaction. EXAMPLE 7 25

101411 AO0i4Hct Approviessaly 0i0Begof thakesuliingimaatendl was thepl pdaded hatsveeh awg echtgdtt h 10
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pressure to controllably bring the molds into 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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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.
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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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pr e3$6 ed nsiktuyéstdry obtathed¥toauthe grepotynds swupnsisg highasftactive igdaxemedonzers oAs act
| ens thus obtajned has essentially the exacth@ha e and .di.anet er. t he

[, a
cont act SREKETRS! Ge SIS ARG TBTHIC REFPBRSeS ChBBRDAPAR MHE-IHIBERYe BRCt | uent
whi ch i ?norfo?r?er SANB- nggfzqgafdx}yﬂowmma@rmawm@h cBfafhsta nttfRglizb1d Mer sed

in the physiol'ogi ca iné sofution. ConSequently, a isonetric "change of
di | uent siydratylveAmothérsxamplesnfaghnopter BMOANE oniisEOreslostyrenes ahighatefactive

consisti.ng of 10 nL qof 400, 33 nlL.of . acet . .10 nL o nd 0.21 nmL
of N et endo- Rt ey e S F e Proes GPED SRR, 50 .
of K9V Ripakaidly 2R6s RipH-rdRadiBe iffex AhBhas A hdiclibrdlizstle Wodrogyl. ' red under

nitrogen purge Tor approximately 15 m nutes. Subs.eﬂyently, the tenperature

was rai 4e1b& o Bporc@nipletmyg thegolymeozation ractionpo b yuitatile salvénsy metbacryhut es.

Alter t g%h%)rﬁéq?a&&e ttci) %%’po?yrﬁéres%[dtion to carry out functionalization to obtain the
prepolymers functionalized with reactive methacrylate groups. Next, reactive plasficizers 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
phasg;-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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43 1 AUGUST 2006 WD 03/071339 PCT[ US03/04277 bl ui sh concentr at eAUpUByme
solution or sem-solid was forned. To introduce the reactive sites .35 nL

of met hacPP¥OHEHydri de was injected after the concentrat EQT@EPW"F?)% or gel
was cool ed down to roomtenperature. The m xture was stlrred for 12 hours

for der| i i I urities
wer e remf’ rr%ﬂ{ac ﬁﬁ@@éﬁ%ﬂgnﬁ“‘%‘?oﬁ%’%ﬁ%@?“ﬁ% (r esul tG?dl %’t%ﬂﬁ)al was
used i nsq;pdﬁbaga]elelahﬁydndeQBM) colpﬁtyhmmlvetnc}i theepolynddr cirnposititins ate devi ces.
EXAMPLE 01571 For ophthal m c | enses which ha@gjeﬁ h refr CtléE;l ndi ces,

the se madle;‘@ﬂed sughrtbatibe E?rfraCtﬂP indices plarepglumersimaat tiveandsx o5 oPner s
conpri siady i, E(hyﬁglf z';ﬁ'%l’n\fgmh{}gt%}(e NN brid Sﬁﬁl tf_lo%B E}?ﬂ%@cﬁiso cggolzﬁféﬁ%ﬁg

nononer m XtU rr-ses cnlor OSt rene, ctive In nononer,

and §- phﬁmqhyn%nbméfsamam Whlnlf&xﬁdmaﬁil)daale%rmsc The anhydrive g@oxfpwﬂSMAmahl zabl e
hydroxyl . Anot her exanpl e of nononer m xture conprises br ormst&/r ene,
hi gh-r o be fenctipualized yth sy alledynctigpalizing agents such as those containing hydroxyls.

SI \(/§s4h bﬁsroyefram\lve |%§ 86(]%%!1 ﬁ]asrsygﬁl it rl%ﬁglé%qﬁ&gﬁox%ﬁ%%g 3:03?1

conpl et |sf}@edehﬂleﬂ@l pigeacAddte, QﬂdQ@WﬂN)@Btﬂyhnﬁﬂﬁwylzﬁb(HEm)\ml&ultembd hacrylic
anhydride is added to the polymer solution to carry out functionalization to

obt ain tsnleventpr%mpwganmwwﬁ&wmféeuwtthp Préafacwé SRetbleskcopalymerrasups .

| a 0, t pr epol yner
sol 001 ontskpSpBsE It SR faf POlyrBOke itk P BE BEER ol P DD
sel ect edo mhglﬁﬂwnysnm&aﬁm aThe gbeslting chopsholsyiés may @épeﬁdeﬁlﬂlﬁestﬁﬁe ofri xtures and
cured arti cI es _such as sem -solid consistency, high-inpact strength, and

hi gh- r@ﬂﬂlﬁ@ﬂp‘ﬁéeqdrm%)@mfﬁm%fmlﬁ@&}lﬁ% optical clarity. Solvents are then
d d
ey g 5T oA PR BB 1%,

Sem - solrhéhgrdidnhodride a@wﬁmsumah‘m&@hgexftOUpO@bbﬂﬁpleﬁhg frerisfdizaticen, al so
produced from phase- g@fgar ated. iso-refractive systens usin styr ene-rich SBS

bl odR cdwlyﬁﬁ}agtwaéera photeinifiatars argradded tofheregslenn muguiet T8¢ fyps
J ONO

Commer CI
from Kra on ﬁ@‘#ﬁf@%ﬁé% Z%ﬁglﬁéﬁ%%éfﬁﬁgron@gpﬁéﬁ{l Sga 1e§1§10a npany
have r efooasistene wittbut éssimgf optiealudlarity 5For fhe aipfuess offSBY sipekt sopelysnerwhdch are

i nconpatible with SBS bl ock copolyners are funpctiqgnaljzed versions of
st yr ene-SMMA copolymer, examples of reactive plasticizers include ethoxylated bisphenol A

Q—)

di(meth)acrylates and benzyl (meth)acrylate.

20 [0162] Solvent is then 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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1 AUGUST 2006 WD 03/071339 PCTI US03/04277 met hyl methacryl ate {AWSHBT 2006
copolyners, styrene-acrylonitrile (SAN) copol yners, and styrene-naleic
anhydri de WSRFRI13¥opol yners in which the copol yner conposi FiCIALSHPE77

adj usted such that the refractive indices of prepolyners; match the

ref 1 act jqg,f NICYOR mBaSy BTk WRIBER ihla HAMBASBDELAHLS: nishPLA and SAN

copol y ré al'so copol ynerize he nonomner $ cont

funct i omadt] Zabtherngooupls, widvhasged e $3265 5 08 R-hgtirdSythghumetherylatn HUENIZY)| | zed
with suitable functionalizing agents such_as thgse cantai ni ng hydroxyls.
101601 ho7@oteneihgariic aid QUAR) HemE of Wiy HENEA 284 0P ah af bRl A D xt ur o
conprisin st h , crylate
Crienmy TS S fed WA fRRAEIOLLP bk ariea RO RN EnEl (SRECEY] TP,
pr esencgusdeqeiitlyp 0 82 lg sfapebivisshusyrasitrile (AEBN) pab yddudand the sbdstionewlas sierd

polymers are mxed with the prepolynmer solution after conpleti n_ﬁ]
f anct i onntilthatNIBN disselved e alymengatian waptapgheisd hnedingdhesdntionte 10°andf

addi tion of dea | ymers t e reaction mxture. 101611 Hydroxyls of HEMA
are fupﬂ@%ﬂ&fqgiégtq@ﬁv’??{aﬁfé%&i%g’@u%t hacryl ate groups using methacrylic
anhydri i 685 aafdrTRd ERRbiGH S¥hoRaRetizatibhQRe SAMMENNSIJwHIGDIcBFRbIréathi on, 15

reactive plasticizers and photoinitiators are added to the reaction m xture.
The typtanpenature: eltgtsolution mag then tunsieaad te ¥ &unpeband stowlyrdsopped intedHA mL

accordingly to achie desired sem -solid. cqnsistenc i £.ho .0Si

opt 1041 O eyt KBnaShidEiseBSVrr Bise il Roe Sissritasied atthualif fheh

copol yn?race@méﬁﬁmqfveﬁqm neirs) s ingld &§1s8lid NThelgRIES hiRiedl Bli@ Wabiogphenol A
di (net h)acryl ates and benzyl (nmeth)acrylafe. 20 [0162] Solvent is then
removed fromthe mxture to give aphase-separated iso-refractive sem-solid
precursor mxture. For the systemqgm%milgg SBS bl ock copol yners, the

i npact strength of cured articles can be increased further by performng
conpression nolding on the sem-solid precursor mxtures prior to cure.
Thus, c @6 s sThs example dlystrattothedumsipnalézatianl o fithe agpalysiey prpted me8xéaplet he
sem -sol id precyrsor., m xtures which. contain, SBS bl ock 25 capol yners. These
or of or mi > a¥ilh metaCY i BRAYABHHC, S RYFGHIES &8GRt For 4 ’flﬁaﬁt}@@ﬁgatw TERtigRest

suchs as (@R Nalie: ah SREEAMOGIHER, D246 e kdtnlaWohtbr ISR ith&til Beli @S and
goozsi act glvar engt h. EXA\VégjLE 157701631 This exanpl e‘ehlﬁ{p?g‘gﬁﬂaﬂt%telsgghagﬁ

pr epar aseptnmo#ascharged withes.29§ of poly(HEMAe torMA A Synthesivad gt atlimg torEixapley| i ¢

act 0, and bl e LoV Sasho o1 PanoLoa B30l MSilee 9L S uREl MTSELARS O

had completely dissolved. Methacrylic anhydride (94 mg) was then added and the resulting

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 pouredv
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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WO 03/ 071339 PCTf US03/ 04277 [0164] A 1000-nL four-neck flask, eqaucwst 2008 h
a thernoneter, condenser, nitrogen inlet, and thernocouple, was charged
with 53. 63VQ0HP7183%y dr oxyet hyl nethacrylate (HEMA), 1.07 5C3ﬂmﬂﬁ?ﬁakryllc
acid (MM, 6 ng of blue HEMA, and 500 niL of ethanol. The m xture was

ur ged hi t - Sk %ngym 5 mn.
gub?equﬁ%??b T%E k%?hé?é%PgﬁgggﬁﬁyégﬁPf%#%gﬁ?AFgg§%§a de t he
sol uti owithPEG 400 ((EQI g) antl TR GAIGRUBYE B3¢ (). @ﬁﬁog)\ind .mdthdnpiré gselution. was conduct ed
by heating the s 0. C and |nt n|n ure f 5
ours. PBBEBAmARD 2 el e salR s B ReRan o ot BaId B which oes RisnRArea
al | oned I r it ed to-a
Funnel Ande @@Sﬁé;*qarf%%&%**?ﬁ%ﬁ%%goﬁe g N R R AR A UL S

copo$ y megadp ferchinal meldidg andl cuvarsg. col | ect ed by filtration, then pI aced in a
vacuum oven for 24 hours, leaving a dry solid. The yield of dried solid was
90% E 01661 .Thj IIustrat S,,the .functional ization-of
the copd 1%1‘3 H&i1H0 rgﬁﬁpgpanﬁ)s OhPYIROBfEL él(llqs%apen gﬁw VHEAtogs | ng

PyT | i NS R bHERt t bl BE L RIS VRIS A0 bORdily P! Under
an inert atnosphere, - roun tton1 eqU|pp stir bar and
sept um Wasse shiledjadthedatth 5. 29 g of pon(HENA—co MAA) synt hesi zed according to
Exanpl e 15. Anhydrous pyridine (50 nL) was added and the m xture was
stirred until the polymer had conpletely dissolved. Methacrylic anhydride
(94 ng) was then added and the resulting mxture was allowed to stir at

anbi ent tenperature overnight. The resulting solution of 20

pol y(HEMA- co- MAA) finetionalized with nethacrylic anhydride was then slowy
poured into a beaker containing 450 nL of vigorously stirred hexanes
causing precipitation of the functionalized copolyner as a sticky viscous
oil. The product so obtained was allowed to Te- dissolve with stirring in
100 nL ethanol and then re-precipitated as a well dispersed solid by slow
addition to 550 nL of vigorously stirred hexanes. Decantation and washi ng of
the 25 solids wth two additional portions of hexanes, followed by drying in
vacuo gave 4.57 g of free-flowing |ight blue powler. EXAMPLE 17 [01681 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 copolynmer and the
transfer of the copolyner to the nold. 46 1 AUGUST 2006 WD 03/071339

PCT/ US03/ 04277 10169] The functionalized copol yner prepared in Exanple 16
(0.6 gram was conbi ned
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with PEG 400 (0.9 g), and | RGACURE 184 (0.006 g) in a nethanol YAUGYST 2006
solution. Approximately 0.2 g of the solution was placed in a front nold
hal f which was then placed in a vacuum oven to renove the nethanol. The
result was a viscous or sem-solid conposition ready for final nolding and
curing. 101701 The foregoing is offered primarily for purposes of
illustration. Further variations and substitutions that are still within
the scope of this invention will be readily apparent to those skilled in
the art. 47 1 AUGUST 2006 WHAT IS CLAIMED IS: 1 1. A process for the

manuf acture of a nol ded hydrogel, said process 2 conprising: 3 (a) casting
a conposition conprising 4 (i) a crosslinkabl e non-water-sol ubl e pol yner

whi ch wheYEAIIS) 'Ew%ﬁ‘sby a crossl hfldng agent and saturated with water
forms a hydrogel 6 containing a predeterm ned volunetric, proportion of

wat er, land 7 (ii) al-non-Aapweessdordhé mamifadtiratof k soldedhydiogels saidiproress sl i nk- i ng
reactign, cofdnSdhgl non-aqueous diluent being in a Yolunetric proportion 9
substantially equal to said predetermned volunetric proportion of 10 water
in said hydrogel, 1) cpfliingacPBpesitienAofPiis@8r conditions causi ng conversion
of sa:gl Eog})osi tion 12 @oa &gfkﬁﬁka?%&ﬁﬂuﬁataedoldbkcfm%ﬁ&bxbmhﬂ%gﬁg; &ddstinked

crossl nkabl e non-wat er-so] uble . ol ymer: an . substi tuting an
aqueoud liquid for said no -%&rﬁ%"&ﬂ%ngf’%%'éﬁ?dﬁaﬁ“’ég‘%glé t%xmﬂéﬁh?g%el to
forms@id hydrogel. 1 2~ Acqutadwing s predetamuinedtiahasetric ptopottanwf aten, anfhi ch sai d
conposption is a 2 semgsQlhagdeods difbell BESS fektto 285 HoHARERe WacBork! 21 M 1 i 0
whi ch said conposition is a, 2 viscous_ liquid. 1 4. A procesS_ in accordance
with ckaim! in which sai dseRrEceqys dilpent being in 2 yolygeEs RECRSHIRS ol ogi cal
salinegsolution. 1 5. A prapaasallp cqel & Sal\sedetdrininedvatuidirid propdieion of
corrpr@lﬁi ng (A) formng 2 vsvai d. %r%%stlli nkabl e non-wat er - sol ubl e pol yner by
couplihg a functionahzi ng agglh]fl 0 "A"REH: 3 water-soluble precursor polyner,
said tHactionalizi ng sferescdgidldentieneonditionyemsing kenveyhemofseid compositidred | s

capabhg of undergoi Ngf fdnORRtduR bt d&REIA eaid crosstinkable non-water-soluble

13 polymer; and
14 (b) substituting an aqueous liquid for said non-aqueous diluent in said
15 nonaqueous gel to form said hydrogel.
1 2. A process in accordance with claim 1 in which said compositionis 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 liguid is

2  an agueous 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 defirred as an agent that when so
4  coupled is capable of undergoing a crosslinking reaction.

1 6, A process in accordance with ¢laim 1 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 compogition.
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1 6. A process in accordance with claim1 in which step (a) COMRALRRIST2006
coupling said fincdonalizing agent to said non-water-sol uble precursor
pol ymer i We@&3/671a¥n- 3 aqueous diluent to form said conposiRGIEIIATY AUGUST
2006 WD 03/071339 PCT[US03/04277 1 7. A process in accordance with claimb5
in which step (A) conprises 2 (A 1) coupling said functionalizing agent to
sai d, non- wat er - sol,ubl e ,pr . f i i | e
non- hat er - sol ubl el7‘pol ymrsgéai%%?%%g%a}%%%fxg}aﬁa Sgg:a(}ﬁ@ %g F{Bﬁﬁdgg{l{é@%
non-at €A-1%6é g smadl fn@&ionwiizihg agénd toiid AsHi@awes-soliublegprecursutpsbBepend to said
coupl i n%, to formsaid conposition. 1 8. A &gocess In accordance with

Y

cl ai In | Torm seid emssdinkable spprogtarsehblopglymen and L i) porabiging %@a‘ﬁoiﬁb%h 1 0.
e : ! ¢ . . ! o t
comt ! sBenw@SERRAA Y Yl Sy nfh el Su UiheoBbber AT Bl "

ftingti @il éadd BEmpotita@ent to said non-water-sol ubl e precursor polyner to
form said crosslinkable non-water 4 sol ubl-e polyner, and (A 2) conbining
sai d crosslinkabl e non-water-soluble polymer with 5 said non-aqueous

di l ubnt and sai d 8ead PoPipaess in deerdagoemithclrimd @ viyehpaid §ompesiien m said 6
conpg@si ti an. A qnr in accordance with claim1 in which said
conposi hr@%rc%m%usrets#edr%ag@ﬁ%ﬁeg.es a reactive plasticizer. 1 11. A process in
accordance with claim5 in which said sem-solid 2 conposition further
conpri ses a react9yve plAapiocedsdrbccodduiics ivth clain Sianptiick esd cédmpdsitieoupl ing 3
said functionalizing agent to said non-water-sal ubl e precursor cgol mer to

f or n? saifértpr epmpasasdasd olygervndstepddy) Gpmarigss| (Pl counking $ard WEng
sai dycr i - - ' A } - ous
a1 bt 2B QS AR A e proc Rl ot inBs KR st oSG IS
f or my saisglublerpodymdr] amd (AL2)lombAningGaidsBosshinlabiaiohawater-vbluble@oRinter withn whi ch
said conposition 2 further conprises a dead pol yner and a reactive

pl asPi ciszlérnoniaqmus,dﬂﬁ%@@é§alid[3%a%@mnéébsm¢méq saidecouplingwieiferm said d

corrpgsi tc'b E Siamflurther conprises a dead polyner and a reactive plasticizer,
and Step {(%5) conprises (i. 1) 3 coupling said functionalizing agent to said
non-wat er - sol ubl e precursor polynmer to formsaid 4 crosslinkable

non- bat er - sol ubl e 100l ymeprocessdn @tco2dance mithrelaig i which esidIcbmipeditien non- wat er -
5 sol ubl e pol yner, with sai d non-aqueous diluent, said dead polyner, and said
reacti vdUBGE cqEprisss AdieactigplastiGiAt to said coupling, to form said

conposi tion.
1 11. A process in 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.

1 13. A process in accordance with claim 5 in which said composition

2 further comprises a dead polymer and a reactive plasticizer, and step (i) comprises (i.1)

3 coupliﬁg said functionalizing agent to said non-water-soluble precursor polymer to form said
4 crossliﬁkable non-water-soluble polymer, and (i.2) combining said crosslinkable non-water-
5 sb]ublé polymer with said non-aqueous diluent, said dead polymer, and said reactive

6 plasticizer, subsequent to said coupling, to form said composition.
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49 | AUGUST 2006 WO 03/071339 PCT[US03/04277 1 14. A process i hAHGUST@ed6ce
with claim5 in which said non-water-soluble 2 precursor polyner contains a
pluralityWR0¥¥HEY capabl e of coupling to said functionali S83/84dht , and
step (i) conprises coupling said functionalizing agent to about 0.2%to
about 5% 4 of said sites. 1 15. A process in accordance with claim14 in

whi gh said sites gpnsigt, reafess%arce&%eeewmaam&sssmﬁémldﬁ&ﬂwmﬁsaﬁmp
consi sting of hydroxyl, am no, carboxylate, thiol, 3 disulfide, anhydride,

\l;I\AI:] etmhar;ﬁfzc(:jm p@ﬁwmrdmngmmqqﬂuralltﬂ@ﬁ sités pap@bbﬁ cowplimgctorsdidrfonctionalizing ai m 15 i n
ACoah datteat ek |5 FinpESes rounimg sl aoRmatEng aBn e ABou D BRI 5% nenber
3

sel ect ege £¥ pqithe group consi sti ng of epoxi des, oxiranes,

carbonyrditm c?azol es, periodates, acid halides, alkyl haI i des, isocyanates,
hal ohydrins, and 4 anhydr| des. 1 18. A process in accordance with claim 17
in vihi ch said funt3.i onAlpra¢ess)in Zcagiente with glaina iyl wihilth said si@s cénspt ofess i n

accordance . with cla i ch said. non recu r pol yner
O e Tearite EPusnsA s S Mo arSiTheh el DB I BRBoaeby S hoL
hydr?xyﬁkgﬁiae%ﬁ%&ﬁ@uréﬂm&%ﬂ& lde'gRhpacryl ate, hydroxypropyl acrylate,
and roxypropyl met hactyl ate

1720 A process in accordance with claim
5in mhlch sai d non-water-soluble 2 precursor polyner is a polyner of
monolers conpri si b hydrpeyess fysccosiahewith alagn 15 ie which sakdbreestivei giogrisor dance.
with claimb5 whi ch said non-water-soluble 2 precursor polyner is a
copot yn%bY@PXHVHPW%yethyI met hacryl ate, blue hydroxyethyl 3 nethacrylate,
and methacrylic acid. 1 22. A process in accordance with claim1 in which

sai dj crosslinkabl g7nony ;?ro&\@wa&adah&eewmhmmnshﬁ whidH QitHfinc@dnalizinga
pol ymer of nononers selected fromthe group 3 * consisting of hydroxyet hyl

acr y2 at egenhysol mepberselectedtfhoam thel groep cangisting 9i)¢mydeSa@nwas, and 4

L AR 0RY e B0 S R R e, O Bt T 29°°

whi cp sghilaeidesst i nkabl e non-

1 18. A process in accordance with claim 17 in which said functionalizing
2  agent is an anhydnide.

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

HOWLW N -

hydroxypropyl methacrylate.

oaed

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

2 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-

3  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

LW N -

hydroxypropyl methacrylate, and (2) methacrylic anhydride.
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2 water-soluble polyner is a reaction product of (1) a polyner gf Ug@,g@rﬁg
conprising 3 hydroxyethyl nethacrylate and (2) nethacrylic anhydri

A process wWaoxeuasdance with claim 15 in which said sites ®CF/USB/04277 2
groups and said functionalizing agent is a nenber selected fromthe group
consisting of 3 haloacetyls, acid halides, alkyl halides, maleimdes,

azirjdines, acryl g%l ng ,agent ?&ng) r'gg}{ce ng?S S&f'lﬂh@ﬁﬁch gléwoééll%&ﬂleduc't ant S,

and 5-thio-2-nitrfbenz I'n accor dan

in v cki/assiusdluﬁreq&wmahabIr@cﬂ@ﬂpro’duwdfq[)@pélwhbﬁombwmérs cemgprigingduct of a
reaction between 3 (1) a polyner of nononers selected fromthe group

cons? st hpdroxyetByl (methaceylate anfli(By webagyheanhydpdenoxy) - 2- hydr oxypr opy|
(meth)acrylate, 3-(2,4-dibronmo 5 3-nethyl phenoxy) - 2-hydr oxypr opy!l

(ot ) acr vl ate, 2264 nouhERun SR TOAEE A1tk g SR i R SR are hio
2- (43 ack d\fi%)iﬁ‘d E@amtl&xmzbfgcugeﬂm AYthohitie BElB&ed from the group consisting of
2- (4- hydr oxyet hoxy- 3, 5- di br ono-

phen§ll ) hzlo@matﬂe,m@@}ldss, 3lkyl balmpn@lnym)i?ﬁ apadwes, aatylgtingagaigrmxidal et hoxy 9
br.o t di b henyl d
Y0 (4) rgsﬁﬁfﬁ@ A B SAP SR Pt are B4R fiTgr oup consi sting of o o

epoxi des, oxi ranes, carbonyl diim dazol es, periodates, acid halides,

al kyi hal | des i sgsyanat p:s)cess142ammhydwn%1anar1dnaﬂﬂmdgamimssmkae nénProcess
in accordance with claim1 in which said crosslinkable non- 2 water-sol uble

pol yAer waterssopibbpaymestis 4 peesiust phyraaetian bebvedset ween 3 (1) a copol ynmer of

hyd xyet hyl net hagr ed f onsi sting
Rt hacryl i o ac il ¥ REMIeR 3 uBn iR SbieREh HelFihe erll sohsii B H1E4 &

acr yham de, Qﬂlﬁl‘oﬁio@fne&iﬁﬂhﬁbxy)@ﬁycﬁ‘oﬁﬁ;)ro@l {metydceyiale] 2i(2\9-dlgefo- t hat when

coupled to said copolyner is capable of 7 undergoing a crosslinkin

reacfi on. 1 B7methy hwﬁrhvdmmah@@ﬁtmamla& 3r @rmethyl-jabremonrhenexy)-

crosgl i nkabl ]2 § oupl i ng

reacti on bet % I«E}%P%Xy? aaé%tggal l;}ﬁrr%‘s\t(r8 %PJ ?%H(?E} e@x&%{%‘?n&?gm%lﬁ%gpe and

met hacryl i c ac4dacryl a;dyetl«(bx@za) 5-dibreinbpissnyl)propae) g q#igdroxydthdx pPBGLEbro216 WO
03/ 071339 PCT/ USOS/ 04277 28. A process_in accordance with claim1 in which
sai d8non- aqudbeyl)-2- WPD’&WH%MWYBBW@&%&M edhydeoxydisthexyonsi st i ng

of pgl yet hyl th d

4o ﬁoxy o hgpsgd%@éﬁ hegflﬂ 23%1ne gﬁ&&f&?ﬁeth@k% 50 %}’omcﬂ}?)@x?ﬁ § 185 Me, AHA
2) a functxonahzlng agent selected from the group consisting of epox1des

11 oxiranes, carbonyldiimidazoles, periodates, acid halides, alkyl halides, isocyanates,

12 halohydrins, and anhydrides.

26. A process in accordance with claim 1 in which said cfosslinkable non-
water-soluble polymer is a product ofa 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) afunctionalizing agent that when coupled to said copolymer is capable of

N N AW

undergoing a crosslinking reaction.

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) acopolymer of hydroxyethyl methacrylate and methacrylic acid, and

(2) a methacrylic anhydride.

HOWLW N -
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4 pol ypropyl ene glycol and nononet hoxy, dinmethoxy, nonoet hoxy, 1a5sGusTE2d06XY
ethers of 5 pol ypropyl ene glycol, polybutylene glycol and nononet hoxy,

di met hoxyWondt®3hoxy, and 6 diethoxy ethers of pol ybutyl BaEU§IJBT7

pol ygl ycerol and nonor net hoxy, di met hoxy, 7 nonoethoxy, and diethoxy ethers

of polyglycerol, and al kyl ated glucosides. 1 29. A process in accordance

wth claiml in j ch i - - i) F LB r cted from

thqur oup consi s%yhg o@%%ﬁ%ﬁa ha3%ﬁg&§|§%¢l%‘ﬂgg??@bcg‘y ene(?1 ?f‘%g‘{"%cm ,

pol ybut gileh€is @ nystber spletted fipaethelgroprudnsibting eftpadyghylemsglged.and 30. A process
in accordance with claiml in which said non-aquegus 2 diluent is

pol ydet hppromaethox)y; dimethoxy, moroptheryaad disthaxyetheahof pRlyethders glycolol ded

Dod | . ) e . . .
of 4 e b iRl Snd SRR CRHRMORY Mongkih . Bid BlloRd ABISKIC EEC O
and ssat pd1asepylehd slyval! pslyb@yIehe glysohundmedimetixtyadinelgng, Rloadethetyrandd

volumetric proportion of water, said _6 nmononer having a_reactive group
t hat sdibthenyethersiod ppbibyheneLiyqobpobyglycesd iapd mongmsthoxysdigfwBye of coupl i ng

react i vEohpafif BOReARRT PR RER AR et 80 AL HIBNNETT 20 TonT 10 (5

contacting said non-water-soluble polyner with a functionalizing agent as |
| def i ned above t29.conygirbcesginhcaordanieteith slainyblie whidhysakl ndreaque6iisoss! i nkabl e
12 non-water soluble polyner-, 13 (c) casting a conposition conprising: 14
(i) Zai dilusnbiss membgesiseleatsd figm the senesmsistieg Prralyethyenselyrel) pelypropylsa@ieous

di lugnt that 1S 1.her | |1 ki I 16 sai d non-aqueous

di | ent988%n8“¥ﬂ“2§$%ﬁh§%§§?§g§@§%§Pb?§%§%¥h§ﬁﬁgkgﬁ?ia||y equal to said
volunetric proportion of water in said 18 hydrogel, 52 | AUGUST 2006 WO
03/ 0i71339 PCT/ US034.042A%prdeesk in accordancenitie tlaito A dh iwhidissaidhwadn-aqueses sai d
crosslinking reaction tqQ occur 20 and that convert said conposition to a
non-Zquedues gsmowe&nae@lglwal- substituting an aqueous liquid for said

non- aqueous diluent to convert said 22 non-aqueous gel to a hydrogel. 1 32.

A prpcess in accogflancg miths ¢drahdhdtuta ¥t e inSikE hpSigAUSHdiE Qdiad 1S

2 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 (ii) 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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2 an aqueous physiol ogical saline solution. 1 33. A process in fA0GUS#R0656
with claim31l in which step (b) conprises 2 contacting said Ii%uid

prepol ymerWRiATB® wi t h an anount of said functionalizing Z§dHSI¥0LE] ect ed
to cause coupling of said functionalizing agent to fromabout 0.2%to about
5% 4 said reacti; URe . ] : - W im31
in \%i ch said 'reactiléga Igrmgup |%&ngﬁgnﬁ\é%gégggilgg{%%ﬁﬁgﬁ% ﬁédﬂgt&g)ﬁ%dra
‘congfsting of hydr oxad thatdoneert s#d boxpbsitian totalrionlaqudowdi gelil dndde, anhydri de,
ur et hane, and epoxi de groups. 1 35. A pr.ocess, in accor dgnce with claim3l in
whi éh said reacti @ §¥eStiting anaqueqy; bagidyfpr g dbaon-aqueeys dilugnf fprconyert said
accgrdance wth clai i i ! noner is a 2 nononer oOr nononer
m'x?%re t hat pol yner@rg%q%egu%@r%gﬁ%g?a@gggct ed fromthe group 3 consisting of
pol y(hydroxyet hyl acrylate), poly(hydroxyethyl nethacrylate), 4

pol y{ hydr oxypr opyl32acr A atoegss ipatgordande extyipiaimydl imstHicicsaid aquepus hiqligét hyl ene
glycol, 5 cellul gse, d,extr?,n,.§$)ol, vi nyl al cohol, poly(vinyl acetate-co-vinyl
al coRol jan agueaps Physielggicalsalige IHSV%’/n'aI cohol, and pol ybi sphenol A 1 37. A
process in accordance with claim31 in which said nononer is a 2 nenber
sel egted fromthe sgrou LSk t43y; oxyet hyl 3
nmet bgcr yl ate, hydrs(‘cg)kypP%‘8f/alﬁ%:ists:ﬁrlf}l atrg)%ncg}ré}g&hy ’?’oﬁy‘%ﬁ?ﬁ%ﬁﬁ?é@ﬁf‘gﬁ 1 38.
A pr @cesontantigreaid Harid preyiolymernaix tard dith an oottt ofsadd fonctoomatizing agéht

hydr oxyet hyl nmethacrylate. 1 39. A process in gccordance with clajm31 in
whi cB s #elECed iR faise pupling %%ﬁé&*@twﬂ%wvép m ﬁ@%@&%ﬂ% ut hya Rf

hydr xy§g@é.|&ﬁ[%% l'ate, and nethacrylic acid. 53 1 AUGUST 2006 WO
03/0713 104277 1 40. A process in accordance with claim31 in

whi ch said reactive group is 2 a hydroxyl group and said fanctionalizing
agentl i s a nenber Hel ech prbckssamaténedance withIlaimrdl intwhigh sdid eqaotivelgroyp is

oxi ragnes, cafbonyl di.iim dgzol es, perj.odates, acid .halides | kyl, 4 halides,
0 dand BEMDRTEIGA T (e Bl a0, i <gay1afy Bek or dance wi i h
claim 3]di+lﬂﬁa@|aﬁﬁyd§ﬁb’q_,rgﬁﬁﬁg,la“@eﬁg,&g@gﬂ@ps_2 a hydroxyl group and said
functional1zing agent 1s an anhydride. 1 42. A process in accordance with
claim3l in which said nononer is 2 hydroxyethyl nethacrylate and said
functli onal i zi ng ad®nt |4 pmsessioragtdrdansa iiidrolaim, 31inaghicisgid oeactive gnoup is

accorzdanac}?ydvr\no;nglqolug! m 31 in which said reactive group is

1 36. A process in accordance with claim 31 in which said monomeris a
monomer or monomer mixture that polymerizes to a member selected from the group
consisting of poly(hydroxyethyl acrylate), poly(hydroxyethyl methacrylate),
poly(hydroxypropyl acrylate), poly(hydroxypropyl methacrylate), polyethylene glycol,

cellulose, dextran, polyvinyl alcohol, poly(vinyl acetate-co-vinyl alcbhol), polyethylene-co-

A W s W

vinyl alcohol, and polybisphenol A.

Pk

37. A process in accordance with claim 31 in which said monomer is a
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 a thiol group and said functionalizing agent is a nenber sel e¢ia@dusT®@00é he
group consisting 3 of hal oacetyls, acid halides, alkyl halides, nmaleimdes,
aziridi nedVO ¥yl sacryl ati ng agents, 4 pyridyl disuffi ®EI/UHB4ATTi de
reductants, and 5-thio-2-nitrobenzoic acid. 1 44. A process in accordance
with claim31 in which said nononmer is a 2 nenber selected fromthe group

i sti f 3-(2a4, 6-tribronp-3-methyl -2 3 .hydr | .
(rothy acry ate. 5905 aAbRisRar actolFngy sRECHRSR ity LR afoup i

(2 W?Zﬁéa&hyd@kﬁ, grouy Srd®iid fircHokdlRIMpApeNOX ¥ )menbty delextd fORYthe gftRiph) acryl at e,
hy drioxyearisisting of epagidasopripimenyaarbopyldiimidazplesxaesiodates.-agidshalides; eldbheny| ) pr opa

E)e/ar%;q(/éélﬁgi’ﬁ?f?'ggaé?sbP%lﬁg%%%syF‘j‘q hyArides: vi oxy- 3, 5- di br omophenyl ) pr opane,
and 2-(4 7 _

hydrpxydi et hoxy- 34b- di by gigees e dédordancd withtchamrl iewtdtiesdidisactdvedgrdipisonophen
yl)- 8 propane, and said functionalizing agent is a nenber selected fromthe
groub cahydroxylgrows agl eqyd Qungtienaliging ageatls ag grmshidedi i ni dazol es, peri odat es,
acid halides, alkyl halides, isocyanates, 10 hal ohydrins, and anhydrides. 1
45, process in cordance wi.th claim 31.ih.whi.ch i noner is 2
nydrbxyethyt et hgryi & Bogr b depr it M hitCunR PRLE AR ABIERG R O
co- npn0eroﬁYewleﬁé@@trf/lramuaicgmﬁcﬁmﬁnmg apéntgs mbthadtyaahbydrigeaci d, acrylic
acid, Nvinyl pyrrolidone, 4 dinethyl acryliamde, and vinyl alcohol, and
sai d n6n-wat er-sol ubl e precursor polyner is a 5 copolyner. 1 46. A process
in atcordance wi t H3cl aifnPresessin gpqozdanse wathcdaimpHomayhipk said ressive@Ipyp Isc aci d.

54 1, A 03/ 07 . In.accordance
it ol t oG OR and R Rkl el Rt souclin sonPOBLERR s A0 o op
(a) 1s pendlodoeeds, iabiditaidps, aiehhelidk, maleimidesyazisidines eacriBoylyateylutiiest dpehts,

met hacryl ate and nethacrylic acid. 1 48. A process, in accordance with claim
31 i4 wayadyldisufidesndiselfide seductants, apgbdrthip-2-nitrabengaic asid- ect ed from t he group

consi sting of polyethylene glycol.and 3 nononet hoxy, dirnethoxy, nonoethoxy,

and i ethoxy ethepg of &ﬁ%&s&hﬁggéy&d%ﬁgag!hgﬁm%' m&mﬁ@ﬁ@%@ms 2nd

nonohet hoxy, di net hoxy, noet I oxy ethers o ypropyl ene
gl yepl , nppibebsélydtahfroml the grouprmbnsistimgiet 3 (2¢4,6-tdbmoatdadxethyipieoeky)ecy, and 6

G S S A RTS8 SR o
Sai d pogoskriste S ERIERS Hon kAt t e e TR, si'st i ng
of phl yayipkeethoxgt-ySedibromophenyl)-2-(4-acryloxyethoxy-3,5-dibromophenyl)propane, 2-(4-

6 hydroxyethoxy—3,5-dibromophenyl)-Z-(4—acryioxy—3,5-dibrpmophenyl)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, i'socyanates,

10  halohydrins, and anhydrides.

45. A process in accordance with claim 31 in which said monomer is
hydroxyethyl methacrylate and step (a) is performed in the presence of a co-monomer
selected from the group consisting of methacrylic acid, acrylic acid, N-vinyl pyrrolidone,

dimethyl acrylamide, and vinyl alcohol, and said non-water-soluble precursor polymer is a

wm A W N -

copolymer.

Pt

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

2 methacrylic acid.
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3 pol ypropyl ene gl ycol, polybutylene glycol, polyglycerol, and ghlglst 2sbe
gl ucosides. 1 50. A process in accordance with claim 31 in which in which
sai d non-WO BNIEHAs diluent is polyethylene glycol. 1 51. RCBUSEERRTT n
accordance with claim31 in which step (a) conprises 2 exposing said
nononer to an elevated tenperature in the presence of a thermal 3

pol yneri zation injtiatpr. 1 52. A process iih: e.wth clai.m51 in
whi ﬁh said ther ma‘17t 2 p%lpfl?%ﬁ (M AR a(%lglrn§l ?is:%gaﬁ%?nlﬁg%rﬁ ragnee el%n fromthe

groyp cpashsiethydmethatsidty kndsepd)deperforhed iothe ppevend 6ffco-moaowwds bper oxi de,
t-butyl hydroperoxi de, azobisisobutyronitrile, potassium 4 persulfate, and
ar nfoni ¥yethyl methaerylate aed mathaesdiegsidi n accordance with claim 31 in which
step (c) conprises 2 exposing said conposition to light in the presence of
a photoinitiator. 54 €55/ i LR el ai 3] ich said
phoDoi nitiator is48:}1 fr?ébn({%ééf)ﬁls%?%ﬂg?ré %%%%?ﬁgléﬁg&c%c%@%?%go% benzoin
met tyl  gihdedt is alménsbraxieetee Ifinethyl gréupdvasiglingef golgsthylene glycol and

2- hydr oxy- 2- net hyl - | - phenyl propane-| -one, 4,4'-azobis (4-cyanovaleric 4
aci ), manomethewy, diracthexh maneethesy. and diethoxytathere phpolyethylgne ghyselohi ne oxi de.
55 AUGYST 200 VW0 .03/,071339 .PCT[ USO 42 A proge L _accor dance
W t h]21 clué%{m rgg?llerge %\Iﬁf%lﬁng &ZOd"%g%eﬁhov%t é{%egég‘zb%én&eﬁ%ryé85‘?%%?}]0%&@%&&?1as a
nol e ul galypyepgiehe gfy_cél,r polyBiglehe £B:cODMdirhordbestkoxl, BRRstASE;, mbndbthofy,RR@CESS i N
accordance wth claim31 in which said non-water-sol uble 2 precursor

pol yirer digthexy ethstsed pphbuiengtalyesd, Folyglyessd and ronooethaxyadimathaxvo, 000. 1 57.
" . : . ; . . e ool ubl & 2
D o SRR AME Bl AN ok MY BB duplate or - ol bl e

150, 000. 1 58. A conposition that is curable to a non-aqueous gel, said

conppsition 2 co#qri shngocess ro&sbidahedobigh clalin Batie whial inbitcipsdid hsn-
di ssol ved in a non-aqueous diluent to 3 forma sem -solid, said

cr os?s:c @ msu%dib&nyﬁ@rmgefwrwﬁ@rmm Barouprupstingaf pelyethrlspasiveclos “
Sa a nof 4fTeSRke eE BRAIoE Bl Boyebfer) hEARIINE BReli8ccor qance with

claim58 in which said crossfinkable 2 polyner is a polyner obtained by
reacti on of a hyds@xyl Asurbedss inudcedrdanecwitls clairp 8ll ymehich ineVtdch exdd howom t he

group consisting of pol y(hydroxyethyl acrylate), poly(hydroxyethyl 4

met hacr §usess dilysst ?mww%réb‘%}/ﬁ acryl ate), poly(hydroxypropyl

met hacrylate), 5 polyethylene glycol, cellulose, dextran, polyvinyl alcohol,
pol y{vinyl acet at g co- Wi f¥pkess in accordance with claim 31 in which step (a) comprises

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

3 polymerization initiator.

- 52. A process in accordance with claim 51 in which said thermal
polymerization initiator is a member selected from the group consisting of lauryl peroxide,

benzoyl peroxide, dicumy! peroxide, t-butyl hydroperoxide, azobisisobutyronitrile, potassium

H W N =

persulfate, and ammonium persulfate.

—t

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

N

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

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

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

H W -

acid), and bis(2,6-dimethoxybenzoyl)-2,4,4-trimethylpentyl phosphine oxide.

55



6 al cohol), polyethyl ene-co-vinyl alcohol, and pol ybi sphenol A, 1 AMJGDS# 2006
menber selected from 7 the group consisting of epoxides, oxiranes,

car bonyl dWOPH¥2¥%s, periodates, acid halides, 8 al kyl haPCdas503/04277

i socyanat es, hal ohydrins, and anhydrides. 1 60. A conposition in accordance
with claim58 in which said crosslinkable 2 pol yrrer is a pol yner obtained

by reaction of a dro substituted pol r 3, select fromthe
o e onelsti ng a1 oNRREHS Bl drepidBReo kit iR 18 whi soll B B ERohbR
et hacr yleairgor pdl)ﬁhyr(ﬂh!@rrﬁm&ﬂw&lgﬁwmm @BoutdO(ﬂ)Op% ¥t A 100800 OPY |

met hacrylate) with an anhydr| de. 1 61 A corrp05| tion in accordance w th
claim58 in which said crosslinkable i,s a polynmer of nononers

cor‘rplr | si ng hydr ox§@t hyA preessaét gqcatd@n%%b Péﬁﬁﬁlz@d" sagl pwatessoktblen

<1 BresiisPrpahes adfotbe i WpA S ."*@%Béi‘-:?‘%bcroé@. fiavie 2 "

poI yrrer is a copolyner of nononers corrprl SI ng hydroxyet hyl nethacryl ate and

nethacrylic 3 acky funcproesslin Zedrdayice wak tiatfl 30 ih whiH fiacChot-ivatearbiyblel de. 1
63. A conposition in accordance with claim58 in which said crosslinkable 2

pol yrer presursorppnenias aonolegelpowsightufifrare ebamt SPI080d0 abpuid SB,PB0-oxyet hy|
nmet bacryl ate, and 3 nethacrylic acid, functionalized by reaction with
t I hydggd 1.
et bpcr 1o annydshde iy EOMmIhiAGRd RoaRSHAR0E Wk B BUES |

cl aim S@orhpisingh cﬁ@ﬁmﬂdableﬁ@navatar—ioﬂi&ﬂé polgmiet dstdleed @ra noh-afacods diugpowi ti on
in accordance with claimb58 further conprising a dead 2 polyner and a

react i véorm assmicsolid, said crgyslinkable pplyaier beasingfungtionabigioups Rhm e capabIs &1 i n

\Qflec‘ic]orjr ﬁoéns(]lﬁﬁ(%i ﬁPd dg f{%srlﬁ*aﬂe Pﬁlﬂ'}er 2 goigliégm@}&gﬁc%% 9 WS saf nci e ol ymer

I'on roups conp05|t|on I'nacc ance
W t hs cl gdilmer?$ inertwhi ch said cr ossl i nkabl e 2 polyner has a nol ecul ar wei ght
of from about 10,000 to about 1,000, 000. 1 69 A conposition in accordance
with claim58 in which said crosslinkabl e yner . has a nol ecul ar wei ght
of f}om about 10, 880 to‘\%BlBRSI mn@wrdqlc‘?mtml@m@mw@hsmﬁ crasslablec e

of 13 onPalbiy e Bl S e Bl Tep D iyt AR e Bt Rl RO T, e
W t h3 cl a¢lestbdfrom thngcdupsmnsism(gbfqanhy[koxyethyl acrylate), poly(hydroxyethyl
4  methacrylate), poly(hydroxypropyl acrylate), poly(hydroxypropyl methacrylate),
polyethylene glycol, cellulose, dextran, polyvinyl alcohol, poly(vinyl acetate-co-vinyl
alcohol), polyethylene-co-vinyl alcohol, and polybisphenol A, with a member selected from

the group consisting of epoxides, oxiranes, carbonyldiimidazoles, periodates, acid halides,

00O ~3 N W

alkyl halides, isocyanates, halohydrins, and anhydrides.

60. A composition in accordance with claim 58 in which said crosslinkable
polymer is a polymer obtained by reaction of a hydroxyl-substituted precursor polymer
selected from the group consisting of poly(hydroxyethyl acrylate), poly(hydroxyethyl
methacrylate), poly(hydroxypropyl acrylate), and poly(hydroxypropyl methacrylate) with an
anhydride.

[ J SR 'S B S R

(=

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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2 diluent is a nmenber selected fromthe group consisting of pol yauystr0o06
gl ycol, polypropylene 3 glycol, polybutylene glycol, polyglycerol, and

al kyl at ed P@#8883¥es. 1 72. A conposition in accordance w tACTVBMBYS i n
whi ch said crosslinkable 2 polynmer is a copolynmer of nonomers conprising
hydr oxynet hyl nethacrylate and 3 nethacrylic acid of which from about 0.2%

0 . . : .
anhyliri de. 57 1 ADELUSTAouuee BNGE B Teeste MEEBER S48 RN ¥ o1
i N agcopeBfireisd dopoBnterBf Afbnomerddoeipridsitighhydraxysthiyhinathaerylale pad mewacrylic a

copol yner_ of npnoners conprising hydroxynet hyl nethacrylate and 3

net hacr 9¢1id<,furssélioaalmed\bmr@4$tlpno‘ﬁﬂlam@é@crmhcza)ahyén%out 5% of the hydroxyl groups
are 4 functionalized with nmethacrylic anhydri de and whose nol ecul ar wei ght

I's fyomabout 50,Q90 3 50%&%9*&1 i 2028 8ce With claim 58 in which said crosslinkable
2 polymer is a copolymer of hydroxyethyl methacrylate, blue hydroxyethyl methacrylate, and

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.

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.

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
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
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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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