WO 03/ 077792 PCT/ US03/ 06835 LOW POLYDI SPERSI TY PCLY- HEMA COVMPOSI TI ONS
RELATED APPLI CATI ON | NFORVATI ON This patent application clains priority of
a provi siwpaB/oapptication, U S. Ser. No. 5 60/363,639 whipch/usazodsss ed on
March 11, 2002. FIELD OF THE I NVENTION This invention relates to pol y- HEVA
conposi tions having a specific nol ecul ar wei ght range and pol ydi spersity.

Met hods for nmeking CORIPE %ﬁgﬁ nd the contact

| enses nade thereof are af'so I'SC ?osed EM&RMNPNVENTI ON Cont act
| enses have been used commercially to inprove vision since the 1950s. Mbst
current CONkAEATERNSSS 1A 1 gel s formed by pol ymeri zing

hydr ophi lic tI:é m)nomerC;l Sl@%&%ﬁf@ﬁd vi nyl pyrrolidone in the presence
of a minor anpunrkhigfatent apphisation kimgpripgéymt 2 privesiqrel applicatientl.rbeoNot he
nononer s re LRGN ED 118Ypr bE as much as 20% by vol une.

Pr epol yrrsers %@%ﬁg%ﬁ%‘tones o %\}2 and reactive groups of acrylic groups
have been di scl osed. The reactlve prepolynmer is dissolved in water, and
crossl i nkedpg§ i RV y irradiation with UV |ight to forma contact
| ens. The S]f:‘ll‘l nk@%gg@un ngﬁ(gﬁre is small, but the hydrogels thus produced
exhi bi t s nmechaniGad inpamtipereldtesgo pﬁaﬁm corpp@ﬂenmvmgmasbeq‘iﬁ:rmclm\ﬂact | ens

use. United 459 di scl ose
the formatl %%ﬁttrﬁggonvg&%&%dgp h ﬁlggseﬁ}%al?ég SA ﬂ,‘:?%?ggf“%a}g?’ FI GURE
Fl GURE 10 s hBEd AHarishecoBaiculbnses mydeﬁher@ufeteeﬂsosﬁm&)mb for the conpositions
made in the Exanples. 30 DESCRI PTI ON OF THE | NVENTI ON The present invention
reI ates to conpositions conprising poly-HEMA having a peak nol ecul ar

wei ght bet WBAGKARQIINR DFODPE &IENBION 100, 000, preferably between 1
SUBSTI TUTE SHEET ULE 26 03/0 7792 R /USOB/ 06835 .25 00 nd 80, 000
and a pol ydi spers taCHE?S‘a éa"svg aur?ea Ut 2t o OERSVE AR & Ce’? g()sg
respectivel Momnmawaﬂltmﬂdnyestamdﬁd of hﬁdrmh; foatedlbg aslymetieing hysphilicnkabl e
functi 0[1'I§1| grou

OR0tRers such as HEMA and vinylpyrrolidone in the presence of a minor amount of a

crosslinking agent. The polymerization of the monomers results in shrinkage which may
be as much as 20% by volume.
Prepolymers having backbones of PVA and reactive groups of acrylic groups
have been disclosed. The reactive prepolymer is dissolved in water, and crosslinked
20  inside a mold by irradiation with UV light to form a contact lens. The shrinkage during
cure is small, but the hydrogels thus produced exhibits mechanical properties that may
prove marginal for contact lens use.
United States Patents Nos. 4,495,313, 4,889,664 and 5,039,459 disclose the
formation of conventional hydrogels.
25
DESCRIPTION OF THE FIGURE
FIGURE 1 shows Hansen Solubility Parameter spheres for the compositions

made in the Examples.
30 DESCRIPTION OF THE INVENTION

The present invention relates to compositions comprising poly-HEMA having a

peak molecular weight between about 25,000 and about 100,000, preferably between

SUBSTITUTE SHEET (RULE 26)



The present invention further relates to | ow pol ydi spersity poly-HEMVA
suitable for making the crosslinkable prepolyners of the present

i nventi orwompsotesses for 5 functionalizing and purifying ®ardSp®bes3HENVA t o
formsaid crosslinkable prepolyners, viscous solutions nmade fromsaid
crosslinkabl e prepol yners, hydrogels made fromsaid viscous solutions and

articl es mageydoraaiee,8dand’a %gjdisp §Jo‘?lé§9 hXH?Jo%tZWPs;%%laﬁoﬂ@% vi scous

solutions. Still further, Invention relates to processes for
maki ng sai dfeSRPP%‘@blﬁld%Yadﬁniﬂbhgndeﬂlﬁ@ng@It lpagi o apssilinkalde fuRetednelgren. arti cl es

i ncl ude nedi cal of have

di scovered that Iﬁlﬁé}éguﬁgém r a E%?d?] é%gm AOY ﬁéﬁ%gfém#}?ﬁﬁfa@w@ pr obl ens

possessed bipr pekipg ﬁEmSﬁW@gEﬂeBOIMVS bfeth@prembmenbyn pravdsses fogy hydr ogel s

f ht
rom a_ cf OShddsabli: Al BROkIRA BEYINGA  RAGLY el sdtn%%& HhdL vel o

and | ow polydispersity I scovere ving a
relatively Yisausgltiohewededromedidirosstinidblepwpplyinpi lplevgsistmade fmmiseidpr epar ed

by new praciilgal Toﬂ}_’?ﬁ%\)ﬁﬁ oPks ntafag Rl 36 o BRRIERADS Hh frotfEMRE! ves. 11

addi tion, e po I nven nverted into
crossl i nk abtigcops @b@ioysre pll f]lsfééruthe resentrineemiign zelatenth eroceﬁfses far maldhesid

I ncl uding hM%’oRP :hltfoﬁﬁ e?c%?%%gaﬁx E:gbe? OpLAtly %n%nl%s 1nclu € Itnﬁchcr:g? ﬁgv\{cgeg,ta chani _cal

properties. Fina e prepolymners nvention
pernit the @@cxﬁwﬂdugmtacmipnms hi gh preci si on mol ded artl cles. As used herein

" pol y- HEMA" neaRrg dr oxeth acryl ate

repeat units. Thee gﬂeﬁ%%&ph% rlé%been i n\genetxp%nﬁmﬁgrsld%?%gi nol ecul ar

vvel;i ght in tﬁreblmanglssa‘ssedrbwl@btytiﬂEM&hl@mfgvh tny be pekopthie by praiutivg b;fdrd,%lss t han

about 2 tog C t o ol ydi spersity

of less thah ag%% Slglgibg @‘ I?Olbfm é’rg‘é arelat%ﬁayiwn%glgf‘ﬁ?r%eégﬁﬁfm IRE present

i nvention i'mﬂcehspeqsmakWn'hh\@caldoahscmr@lhhat phlgtHEMA hatingli re3divOi§lowM t h a

pol ydi spers an ut 2 and, about 90,000 wi.th a _ pol ydi spersity

of Ies spf’e aﬁr}&é gaﬁtw eég%Eandll\]/B‘?’é’Ofégg?eé?gﬁf‘?be Qr%r@aﬁmg’ipﬁcf}ﬁag “%?fh"ﬁ%aé%pr esent

i nvention HmveuaﬁpenﬂlcmdneMansem:; gihtaddigdnyeepoBRIIEM AT thifesehit h a

pol ydi sperS|t ess tha nd about 80, 0 wWith a dj spersity

of |ess than ?an?efomgﬁcp gqcéoss}?ﬁ( QSPVP RS ?%’Bal?%/ae“"'g‘%ﬁg%tj

mol ecul ar vmlcgdsnt 1nblaﬂmg/h§9dlop1tll1clﬁﬁtn€g§@n(a¢‘uﬂltaat Ipmey eHtls ﬁﬂfrsweﬂyndgﬁanﬁcﬁﬁs ngn g
about 45, an

RGeS T M
SUBSTI TMTE IﬁHEEﬁ'or((Rlﬂlﬁ 1:2&)51&&1618&{&&(‘71&2 PCT/ US03/ 06835 enbodi ments the
pol ydi spersi ty IAss ulsee Sereln @p%lyaﬂﬁMA meahs 5’ rlyerfleerg \?vglcl‘\nl cclm?psrlsse Ei?/grogg}?}%t 2, more
methacrylate repeat units. The poly-HEMA of the present invention has a peak
molecular weight in the range from about 25,000 with a polydispersity of less than about
2 to a peak molecular weight of about 100,000 with a polydispersity of less than about
25  3.8. Preferably, the compositions of the present invention have a peak molecular weight
between about 30,000 with a polydispersity of less than about 2 and about 90,000 with a
polydispersity of less than about 3.5. More preferably, the compositions of the present
invention have a peak molecular weight between about 30,000 with a polydispersity of
less than about 2 and about 80,000 with a polydispersity of less than about 3.2. Suitable
30  poly-HEMA may also have a peak molecular weight below about 100,000 and a
polydispersity of less than about 2, and preferably a peak molecular weight between
about 45,000 and 100,000 and a polydispersity of less than about 2.5. In certain
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preferably | ess than about 1.7 and in sone enbodinents is | ess than about
1.5. The term poly-HEMA as used above and throughout this specification
will inclwoaspoi7yners prepared from 2- hydroxet hyl mnet hacwpgiratSes/edsehe as
wel | as copolyners with other 5 nononers or co-reactants as further
descri bed bel ow. The pol y-HEMA of the present invention should be
substanti alétﬂboﬁﬁr%ﬁtsftﬁe%ylyﬂp&@ﬁyﬁ%spmaﬂ Qﬁ{utﬁgaﬂr&%ra g%sgﬁlan Q@Jurtt%cﬁé Cel

particles are insol ub {)n eces of polynmer believe ﬁ: chai ns
crossl i nkedr#f fablb’-leséFhaﬁﬁ ut {4 aed inoame cmbediments is lgy than gbays i én %ﬂetfy free

fronmt we meaR. hHEss dhAg @Jaoyéndqm%umh%fs cﬂﬁhnm{gh&a@% Mgaggfn 10 br anched

pol ymer chai nis. Low crosslinker concentration in oner
t her ef or e rieparaddipm Pbhydrexesiyl pethaaylgivwlare apvelb aspopdlympre withothees s than about

1% nor g %&Ioﬁ{e?smrxolraéémrsgéﬁnﬁa%&cn@eh@wd in some enbodi ments |ess than
about 0.25% based upon a onponents present. Al weight % are based upon

all conponents ﬂﬁ@B@WHEMmoéﬁlﬁ pessens invesionshedd bs listartelly §b¢ fikrer s ar e
conpounds t: | es of
crobel T nicerrindd ey TR R Y FRTR D8 phticled B sh Bl L Mo R, B
(tri et hyl erhsféved &t bapolmedighaind ciesslinked by dephyubﬁppmmonmmﬁm acryl ate
(TMPTMA) an I t equent |y
Syl IR X R 10 3 L v b b PIETT

present in t _ roxyet nmono
used t olOvaKwanches podynger SkENAL. diomdn@slprwsmtemMnﬂmdiEMAmnmstlsther efore be

Laken Lo 20yt RNas o EN ABRPRE Ll G bR BTN GapSEreR! o as

defi ned herein nonomner aSed from Rohm
GvbH Cheni smﬁerablvé@s ihan @@40 3% 3 sesezeatbodorenta tegs th&ualioabﬂ) 25% basedioner s

whi ch may H@ﬂﬁ) ch?ﬂoh%rﬁ Béé’%ekt‘ Aﬁ]&'elﬁn oag?ogg) gorhalflcorr'jd Pg%&gsgghl lic

mononers s mononers as
wel | as ti nngds qmbfvrmmrspecgﬁedl ﬁgmlu@hﬂs aaab@mppltndmwnht‘vajOMc&e poiymwmablleengt hs.

Igﬁp'; Fg{?ﬂgvfuﬁé{mnél%po%’ps Oéxaméie? tﬂ— 92 sqhagdevm}zﬁg (‘?eﬂaeeié)ﬁ noner S

nonoval ent cbmlabaqrylutehfF@GDm (uhtladweglymdmnd@hte) rmmemglorpedpahe veI y easily.
Sui tabl e vin

m de (DwB),

gl ycer ol metf1 atclzlrc ?éﬁ%%w glmtlil&lene %ﬁhfwggﬁyﬁg?(ﬁgw)a
pol yet hyl erfefxghgmlglpremn dmtht bemmydcmt b-hydmx}hamxyléﬂmryﬂa:te mo@&fﬁék)whuﬂm ylic acid,
N-vi nyl | agla rro i dane n met hyl
acet am de, vféﬁ%’ %ﬁpgiyh%cg %ﬁﬁrﬁfgm IRYeW?ﬂ/I aﬁi%‘k‘?‘igﬁ ?%Ir‘?ﬁ%‘%to N- vi nyl
f or mami2fe, porahyde PHEMShBﬁBinRWEcISHEE&'w ERDIMEA 2érjcetiation addefik&PheRdd/ US03/ 06835

Suitable grades of HEMA monomer may be purchased from R6hm GmbH Chemische

Fabrik D-64 293 Darmstadt Germany.

Suitable comonomers which may be polymerized with the HEMA monomer

include hydrophilic monomers such as vinyl-containing monomers and hydrophobic

25  monomers as well as tinted monomers giving light absorption at different wavelengths.
The term "vinyl-type" or "vinyl-containing" monomers refer to monomers comprising the
vinyl group (-CR=CR’R”, in which R, R’ and R” are monovalent substituents), which are
known to polymerize relatively easily. Suitable vinyl-containing monomers include N,N-
dimethyl acrylamide (DMA), glycerol methacrylate (GMA), 2-hydroxyethyl

30  methacrylamide, polyethyleneglycol monomethacrylate, methacrylic acid (MAA), acrylic
acid, N-vinyl lactams (e.g. N-vinyl-pyrrolidone, or NVP), N-vinyl-N-methyl acetamide,
N-vinyl-N-ethyl acetamide, N-vinyl-N-ethyl formamide, N-vinyl formamide, vinyl
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carbonat e nononers, vinyl carbamate nonomers, oxazol one nononmers m xtures
thereof and the like. Still further exanples are the hydrophilic vinyl

car bonat eworo3®irryt car bamate nononers disclosed in U S. Pararsisodses

5,070, 215, 4,711,943 and the hydrophilic 5 oxazol one nononers di sclosed in
U S. Patents No. 4,910,277, the disclosures of which are incorporated

herein by ref . Oh i.t abl e hydrophil i ill.b t
to one skil | ed T PHEMEPPTRIB SPEVBYT BE“HY SEHP I THENSTRIEHR EHotay be

i ncor por at ed i nind thehiéke. pol yner of the present invention include hydrophilic

nononers such as . 2- 10 hydroxyet hyl methacrylam de, NVP,

pol yet hyl eneg| yco%‘”%eﬁ?@m?eéta\é th ,mpgﬁﬁ)'l“}yic nate oh gingh cerbamats
thereof. DVA,  Gibnoaiets dibiosed & 1.0 Pt NG 50760 154,71 119430 e Hydephiadi ment s.
the HEVA | 5 a BORGERIPIETER GHE-uLP Ao HaCABAG S G e drtoRheRasheat e
sol ubility of tdieincdipotatedlibielnty rpfeteyicdlEdheristitdblechyaopritit f@dnéthdryi®Nibeand Whi ch
al so do not hinder the re@(ﬁgi Vi th% of the hydroxyl groups on the poly-HENVA
or the reactiviPP¥Er P A FH B ERYbI e functional groups on the

crossl i nkabl e pr epolMére preféneid hadrboghiiy AbRkeOW K cKRRPBER Sorhdteted B th
silicone-containin %g?agmrs and ,ma,cro(gglrs havi ngpa poId;/meri zabl?a Vi nyl

group. Preferab? RYAsen imygppiqndncluds iy drapiilic monasiers e apPMay S ds” of

suitabl e sil0 cOf@rox9ehAinitRgryERMIaE NP, fHYethRSTEEN TonbMbthaiR.d R t ype
nononers, which conprise_at |east tvvogSi-O] repeating units, SiGVA type
nononers whi ch & PF‘Q@“‘&“’ﬁﬁTrﬁh@Pﬁeﬂ%Q g@M@pﬁ“ﬁMﬁd’fa&h‘s RO¥PESaTed | ecul ar
wei ght of aboutcehgiaenmbbdimest900 Dal t ons, a hydroxyl group and at | east one
"-Si- OSi-" group and, TRI'S type nononers which conprise at |east one

Si (0Si-)3 group. 251ERiARArant Bt the selegtpd Bydremhabigpeaerasrs ate pelymgezed with the

met hacryl oxypr oggiarih 8 Chiideidtion hid b Sthdd@RMich result in adequate solubility of the
met hacryl oxi}qgropyl bi s(trinet hyl sil oxy)nethyl silane

0 Si
met hacr yl ox{pr oESAEREROLTEEMA itk selssiah dilueqt and jhich o{shdp aefhinderthe mactivitye
Preferably, themiRilyardkyPRokpR 00 MR poLCARMA &%é@&ﬁbigﬁ&ftfﬁél&oélhﬁléﬁi&ed 0 in an

30 amount greater than 20 wei ght percent, and nore preferably greater than
30 wei ght per capgtiops! gropes ppthg crasglinkehle piepakangght of the sili cone-contai ni ng

?‘g&ﬁ Eer26) Suitable FRIMMR HRIRYEEHS ndAYRert BRSO e cSntaintBRbhdhrEand EET

macromers having a polymerizable vinyl group. Preferably the vinyl group is a

20 methacryloxy group. Examples of suitable silicone containing monomers and macromers
include mPDMS type monomers, which comprise at least two [-Si-O-] repeating units,
SiGMA type monomers which comprise a polymerizable group having an average
molecular weight of about less than 2000 Daltons, a hydroxyl group and at least one “-Si-
O-Si-* group and TRIS type monomers which comprise at least one Si(0Si-); group.

25  Examples of suitable TRIS monomers include
methacryloxypropyltris(trimethylsiloxy)silane,
methacryloxypropylbis(trimethylsiloxy)methylsilane,
methacryloxypropylpentamethyldisiloxane, mixtures thereof and the like.

Preferably, the mPDMS type monomers comprise total Si and attached O in an

30  amount greater than 20 weight percent, and more preferably greater than 30 weight

percent of the total molecular weight of the silicone-containing monomer. Suitable

mPDMS monomers have the formula
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WO 03/077792 PCT/US03/06835 OY, /\ /\ OCAH9 n Exanples of suitable

| i near nono-al kyl termnated 5 polydinethylsiloxanes ("nPDMS") include:
R61 / 95WOI/07RSB- Si- O{- Si-O Si- RGO R59 \ R59 R59PamArses/msss 0 to
100, where it is understood that b is a distribution having a node 10
approximately equal 9o a stated value, preferably 4 to 16, nore preferably

8 to 10; R58 conpriges a pol yner} ablqlﬂpnovalent group containing at

| east one et hyl emi b//bnsafugﬁéé%rablefy, preferably a nonoval ent group
containing a styryfl, vinyl, (ngth) ¢ iyl ami de or (nmeth)acrylate noiety,
nore preferably a nethacryl ate iety; each R59 is independently a

nonoval ent al kyl, or aryl group, which nay be further substituted 15 with
al cohol, am ne, ketone, carboxylic acid or ether groups, preferably
unsubstituted nonovalent alkyl or aryl groups, nore preferably nethyl; R60
is a nonoval ent alkyl, or aryl group, which may be further substituted

wi t hbal cohol . amdﬁqﬂ?smwﬁlel,e 1ﬁadrlaﬁ9ﬁyia}k91 Bfhiflatedr e]E her blgr OUDs,Clprlgf erably
unsubsti_t ut ed nonoyal ent (. ar groups, preferably a

al i phat Pc BPIYQWEL&%IS?IBX@F%C?}E‘%WS?&‘nﬁﬂée:i ncl ude hetero atons, nore preferably
C3_8 20 al kyl groups, nost preferably butyl; and R61 is independently al kyl
or aromatic, preferably ethyl, thyl, benzyl, phenyl, or a nonoval ent

sil oxane chain conprising from Lo r ating Si-Ounits. The nPDVS
type nononers are di scl osed nrge-Sioopgsit-oySi-R,US 5, 998,498, which is

i ncorporated herein by reference.l 25 ef ﬁgly in the Si GVA type nononer
silicon and its attached oxygen é%ﬁpri @ ab¥ut 10 wei ght percent of said
nononer, nore preferably nore than about 20 wei ght percent. Exanpl es of

Si GVA type nononers include nononers of Fornula | 5 SUBSTI TUTE SHEET (RULE
26) WD 03/ whgred>= PETIO0SEiEeE g3mderipodihatdr if a distrikpin IRgingank®e OH R4

10  approximately equal to a stated value, preferably 4 to 16, more preferably 8 to 10; Rsg
comprises a polymerizable monovalent group containing at least one ethylenically
unsaturated moiety, preferably a monovalent group containing a styryl, vinyl,
(meth)acrylamide or (meth)acrylate moiety, more preferably a methacrylate moiety; each
Rsg is independently a monovalent alkyl, or aryl group, which may be further substituted

15  with alcohol, amine, ketone, carboxylic acid or ether groups, preferably unsubstituted
monovalent alkyl or aryl groups, more preferably methyl; Re is a monovalent alkyl, or
aryl group, which may be further substituted with alcohol, amine, ketone, carboxylic acid
or ether groups, preferably unsubstituted monovalent alkyl or aryl groups, preferably a
Ci-10aliphatic or aromatic group which may include hetero atoms, more preferably C;g

20  alkyl groups, most preferably butyl; and Rg; is independently alkyl or aromatic,
preferably ethyl, methyl, benzyl, phenyl, or a monovalent siloxane chain comprising
from 1 to 100 repeating Si-O units.

The mPDMS type monomers are disclosed more completely in US 5,998,498,
which is incorporated herein by reference.

25 Preferably in the SiIGMA type monomer silicon and its attached oxygen comprise
about 10 weight percent of said monomer, more preferably more than about 20 weight

percent. Examples of SIGMA type monomers include monomers of Formula I
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|  Wherein the substituents are as defined in US 5,998,498, which is

i ncorporated herein by reference. 5 Specific exanples of suitable Si GVA

t ype nonoweres/or1iet ude 2- propenoi c acid, 2-nethyl -2- hydr opgTArp304835
1,3,3,3-tetranethyl -1 - [trimethylsilyl)oxy]disiloxanyl]propoxy]propyl
ester ~O0' S (CH3)3 ~(' 0-- O'~Si-CH3 Illtt OHO SI(CH3)3 10 and

( 3- et hacryl oxy- 2- hydr oxypropyl oxy) propyl tris(trinethylsiloxy)silane 0
OSi(CH3)3 0 OH O Si(CH3)3 Additional uita®d e hydroxyl-functionalized
silicone containing nonomers are 15 di scl osef in U S. Patent 4,235,985
4,139,513 and 4, 139, 692 whi ch ar e RieRébyC—RhcPrpBrat ed by reference. Yet
further exanples of Si GVA type nononers % ncl , Wthout limtation (3-

met hacr yl oxy- 2- hydr oxypr opyl oxy) propyl @%(t r'tmet hyl si |l oxy) net hyl silane. It
is essential that the ratio between hydrophilic and hydrophobi c nononers is

20 such that functionalized crosslink ol rr prepared fromthe
pol y- HEMA can eéelﬁ_%}?ssgﬁs\%“&’nﬁﬁff aéa?%ﬂgﬂlﬁg% ﬁ@%;@% %ﬁllﬁ weetporpieh hereig ¥ cr i bed
bel ow. Al so hyefeepdeobi ¢ nmononers |i ke met hyl net hacryl ate and
et hyl met hagryl ate .. be incorporated ipnto the poly-HENMA to nodify_ the
wat er absoﬁpti on, %&—écﬁxa’ﬂglfﬁ%%!ﬂt%ﬁet §C}G5Vlﬁ RL H’@F“P‘Bﬁ%ﬁc‘é‘g? 2PFOpTE 3L as
demanded by t Reméthylongieiebxyse]3-[1/363, Rabiéthyld - SUBSTI TUTE SHEET (RULE 26) WO
03/ 077792 PCT/ .USO /?6835 (gf. cor‘rﬁnomar is generally |l ess than about 50
wei ght % and [ﬂ"@ﬁ’éfsélﬁ bl URIBoY OBy S§ieF 40 wei ght % More specific
ranges will depend upon the desired water content for the resulting
hydrogel, the solubility of the noners sel ected_and diluent sel ected.
For exanpl e, when the conobnomer gonprises MVA, bts‘%hbe beneficially
included in 5 anpbunts less t oeiegtit8p.ang preferably between

0]

about 0.5 and about 5 OH
Si(CHa)s
10
and (3-methacryloxy-2-hydroxypropyloxy)propyltris(trimethylsiloxy)silane
o) O,Si(CH3)3
\n/u\O/\|/\o/\/\S\;’i_O_SKCHZS)3
OH o}
Si(CHa)s

Additional suitable hydroxyl-functionalized silicone containing monomers are
15 disclosed in U.S. Patent 4,235,985 4,139,513 and 4,139,692 which are hereby
incorporated by reference.
Yet further examples of SIGMA type monomers include, without limitation (3~
methacryloxy-2-hydroxypropyloxy) propylbis(trimethylsiloxy)methylsilane.
It is essential that the ratio between hydrophilic and hydrophobic monomers is
20  such that a functionalized crosslinkable prepolymer prepared from the poly-HEMA can
be dissolved and cured in the hydrophilic diluents described below.
Also hydrophobic monomers like methylmethacrylate and ethylmethacrylate may
be incorporated into the poly-HEMA to modify the water absorption, oxygen

permeability, or other physical properties as demanded by the intended use. The amount
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wei ght % | n anot her enbodi nent the cononomer conprises GVA in anmounts
between wup to about 50 weight% preferably between about 25 and about 45
wei ght % WwDre3pe1792 anot her enbodi ment t he cononomer conpri PET/UBHF0G835 anount s
up to about 50 weight % and preferably in anounts between about 10 and
about 40 weight % 10 Initiators and chain transfer agents may al so be

ut 2 . Ry . . : o,
used. Any dgsbmsinferiddehbdfiPles thﬁ%gﬁ?})?r%%t ‘/@?xﬁ’@ét{aﬁaﬁ%p Qindyt M tation

thermally activated initiators, VI S otolnitiators

and the | i K& anitOcisightiat Morespedifer eeges wilidlapaty] wpon iterdesirddyvatercontenit ed
initiators gpgk Mﬁtih@ﬂ&&%%eﬂ?ﬁ%lu%ﬁq H%&éﬁon&‘?%é%i%!c%& Bncl &&Bﬁ&@&‘&fdé

percarbonate, azobi sisobutyronitriie, 2,2-azobisisobutyronitri
2, 2- azobi s-Eorgeanmle, ey thsspmendneer goroprises MPEA.|if ey, berread famiallydnaluded imat or s

conpri se 2, 2; AnRkiss ﬂ%ﬁ gﬁfugg %&%%ﬁ%%& QﬁH éfeéaﬁlly(bémw al?o'ﬁ%? find about

2, 2-azobi si sobutyronitri : e inrtiator 1s use %% %e reaction

m xture in efighi¥t iy anciikas gmbediment ghe cofnongmesisomprised GMA i anponts btwaeri ght
percent, ang RLE5HE56Rkdnios %, Wei ght — per 100
parts of rgg)ct iaveu rmno%er/f’%g%&%g%gg’f:%nﬁﬁmg%&?‘ﬁbélpg%élé}ﬁt&?ﬁ eﬂti on may be
formed in enathetrmbodimentiths comenomgn eoneprisesdPMidrin aiENis wplookeyt Sameigany desi red
Comononers o4r ﬁld%?éfglgﬁglirgﬁgo Yl{s%efvyegg abo[llﬁfu q‘ﬁ'a&ﬁﬁ'ﬁtg W, 'h?‘%t I on. The . .
pol ymeri zation i's conduct ed tn any sol venat, I'ch i e capabl e of dissolving
t he HEMA nononednitistdrstahé chagsinsienagepts may ksd/Be diedi Agy tidsiatje injtimenrs zat i on.
Suitable s t r 1 z.al i t VA non r .jnclude 25

al cohol s, Sr}ﬁ/colué?c{ %8\“%?’5, ﬁlgggﬁﬁa]{mﬁlgﬁ’ﬁ@eglp gﬁ aarclglgehtglﬂz,mg]taﬁgsr gf\r}eaélgjtofar S, ester

al cohol s, kasiblndight pheigirfitotirsias] theolikeraptl colunesionatieres Switatleithesnallper eof and

the Iike. 3Spgeifq.c.solve .ncl ude. t hanol . .ethanol .. i sopropanol, 1
t 1

- propanol , rre%nyq lﬁglcﬁ)éstleaa%tlhlgrﬂ pgc%ﬁédteb,enfoggﬁ?rg’ﬁgﬁ’ Ilsé)Brt(’B*lé’Frca%f’ Bl et her s
| i ke the Doarelisibobutymeystrity, 2 Bragohisiscbptyeiitbey])2-osmhbived-meibiMbyty hdile ahli/P,
cycl ohexan o M (;Oture . Lher eof andzo he. | ibzke. Pref err ed ﬂg@nt i ncl ude
al cohol fgsahg\gigﬁlée' P)é e%%dzlmtn(% Four PeaT ioﬁzogis Fr%’etg%léu?ﬁ??‘é“elﬁt@ B’I‘@ T et hanol ,
met hanol ar2-azbdpisopamohitrilSAIBN)I ent sol vent nust be used to dissol ve the
nonomers. Generglgl‘ri/.l out 5 to abo tO 25lx vveli %%%:?o nononer s ig thE solvent is
suitable. 7 SU nf%EFE SHEET PRIPEOB &S 1h T7EOBETF-BsHI3BERS  The
free radi cédll pabyute waglt ipemert.sand predurail e flora tabdue 071 a6 abdut 2 partsdlywrédht about 40
and about 1560 'I;rr\tg %? L I iom t will be determ ned by the pressure
limtation &5t tHE 85 ‘%‘m%?ﬂ i1 able and the ability to handle the
pol ynmeri@zat i on @hepblgrHEMAlE tHe@vaent ivesitich rivdyl e forthed @t £futhbreof wayst e maxi mum
accept abl e Jn%aercntt)!)(ﬁrrr]le;[ltl }Eﬁdg%i({n%lrne atn %g)rl émergd c(:)Jmonomers are polymerized via free

radical polymerization. The polymerization is conducted in any solvent, which is capable

of dissolving the HEMA monomer and the resulting poly-HEMA during the

polymerization. Suitable solvents for the polymerization of the HEMA monomer include

25  alcohols, glycols, polyols, aromatic hydrocarbons, ethers, esters, ester alcohols, ketones,

sulfoxides, pyrrolidones, amides mixtures thereof and the like. Specific solvents include

methanol, ethanol, isopropanol, 1-propanol, methyllactate, ethyllactate, isopropyllactate,

glycolethers like the Dowanol range of products, ethoxypropanol, DMF, DMSO, NMP,

cyclohexanone, mixtures thereof and the like. Preferred solvents include alcohols having

30  one to four carbon atoms and more preferably, ethanol, methano! and isopropanol.

Sufficient solvent must be used to dissolve the monomers. Generally about 5 to about 25

weight% monomers in the solvent is suitable.
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5 initiator. For polynerization at about anmbient pressure a preferred
tenperature range is between about 50C and about 110C, and nore preferably
bet ween awouws/0609t 0 about 90C and for tinmes necessary toPoTAsosessshe
desired degree of conversion. A free radical polynerization reaction
proceeds relatively fast. Between about 90 to about 98% of the nononer
reacts within al?@élﬁeeqﬁﬁcatl‘aolgﬁgﬂian@n ﬁ%ﬁcﬁlcted bf teRpdBURs ARRISbEutaenVersion is
10 desired, (greater than , the reaction nmaybe conducted from
about 12 t@_néaizmt1503© ﬁhmmszrmnmwnbbeedemhedbjathypmwe@mwalbogfth% and about
30 hours. - S Ged16.iRRl: Yna (HE MRS BAEn, Rl A BRINAIBILAR TR ekep 1 n many
i nstances w undergo a rac |ona Ion enove ecul ar wei ght
speci es, i tlimeyillbetdeterominad By thmnaxlmmmmcsqptalbb reacaquilmeahd/cu poopettigs 6the
pol ymeri zat| r C re.s 15 not
critical an gaﬂn"g F%FPagnée%zgﬁ?neaggﬁ%lg%g&gﬁ Qestsauﬁ F &R fFe%eg b em&‘g%éngetlr ansfer
agents may beiteematmut 0°0and siwhtiHOC, 2o &iore Iﬁreﬁrabfyefetv&gﬁmo&t e¥ed about N form ng
t he pol y-HENMA. used i.n the invention haye, chain transfer c stants vaI ues of
great er tha?N%HB’JPI mcesmmr%wﬂ %{eéﬁ?‘ﬂ‘? B 4k ORI OABTee e
pref erabl y jgraRteHtion kdadibnaReebdsQelRtiveRiadt 2 BbveSt/AIduCIvab Bbduk 9@/% B?t!he agent S are
known and include, without 20 |imtation, aliphatic thiols of the fornula
R- SH wher eiffPnpmpsteactyyyithip aopbong tp alvext § oury, If p@ioss qompletespayessen hat i ¢ or
CH3( CH3pX %l%ﬁl%e(?f%'a@r thath Sookt 99%)21416: rdASRAGRS) be'&bﬁﬂﬁ%ﬁéh froﬁlhilbgl'it' 19€ atonbut y!
chl oride, n-but brom de, 2-mercapto ethanol, 1-dod ECé nmer capt an, 2-

i

chl or obut a8 ho'aféaélpéﬁé’fe prefsrably bebyeqn abawt by SXGbot 39@9%5 erfbe P(IIY'l et hyl ani ne,
di - n- butyl Hmkpkéﬁsreamithelb&gxhéﬁﬂﬁ@n &?ﬁh%n&ﬁis{aﬁé‘ebwﬂlhﬂﬁrg%r&d brom de, and
the |i ke, and conbi nations t her eo General ly, about 0 to about 7 weight
percent badBetigRtIHE reavaIlowIolsRYlatgTeight Pecies iRt not.dR AN PEPIRCTH, PF  be used.
Pref erabl y dpdesangind Rl porydReianh kdééss tPLhi H@égtﬂéecﬂfcondél%{dﬁaﬁlée@ﬁ}é@no' or
conbi nations thereof is used as the chain transfer agent. In some

enbodi fént 0} ¢ritical agd ambientguespesaanhespnyeaiepthsussd| yv- HEMA wi t hout a chain
transfer agent. chitntBhsterG8is @hyCPRBhaIy BE SactRIES @ﬁlr{%sﬁpé%ﬂ%seﬁﬁ weferably
al cohols 30 having one to four car bon at ons, referably the solvent is
met hanol , detmingthe poly JBRVLA psaddn therevention haveehai ¥ congantSyBRY pfTUTE SHEET
(RULE 26) FENMEYf e free
radi cal po\éq%agj:?fthg%ttZl ?ﬁo Bgsr @%lpgé%etP%O%%léh I'S etpg%ﬁﬁgéo%&?%ﬁ di rect
use in thet eyit0.5. rﬁvléith@ﬁhCWEaW rwn@w@ywnh@dmela@q,w utki netics of
Lhe pr ofes Sinlihifha A0 P ARImUE RN GhOA R £3E 10, biye QDI nat i on of

two grow ng po yner c al ns. Accor di ngl en using frée radical
pol ymer i zatbengyl.tagycloaliphatic or CH3(CHa),-SH wherein x is 1 to 24, benzene, n-butyl

chloride, t-butyl chloride, n-butyl bromide, 2-mercapto ethanol, 1-dodecyl mercaptan, 2-
chlorobutane, acetone, acetic acid, chloroform, butyl amine, triethylamine, di-n-butyl
sulfide and disulfide, carbon tetrachloride and bromide, and the like, and combinations
25  thereof. Generally, about 0 to about 7 weight percent based on the total weight of the
monomer formulation will be used. Preferably dodecanethiol, decanethiol, octanethiol,
mercaptoethanol, or combinations thereof is used as the chain transfer agent.
In some embodiments it is preferred to polymerize the poly-HEMA without a
chain transfer agent. In this case alcohols are used as the solvent, preferably alcohols
30  having one to four carbon atoms, and preferably the solvent is methanol, ethanol,

isopropanol and mixtures thereof.
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5 formthe poly-HEMA of the present invention it is necessary to purify the
poly-HEMA either before or after functionalization to renove the pol yner
havi ng noweamalzr7onei ght s outsi de the desired range. Any merhusdd/o@piabl e of
separating a material based upon nolecular weight may be used.
Fractionation using sol vent/non-solvents nmay be used. Purification of HEVA
10 copol ymers VirBe pylEEHEMA 8drinedlinthéfréeiedie] pptyiesAitianl fstai R dRpersityHEMA

copol ymer tqQ.a .non-, so]vent has been described in US 4,963, 159, The

preci pit at “llil'—_‘moé’éfg‘éjf’ tysgin the PrasPILBVERtieR oTRisig crysedibBe vaartion o obt ai n a
sol ution t RaletiésSof Shelpzboaky ih Mhich ah ifforfah QBRmikHHRAL ka4 BRInl i€ £6brRORGE The

sol vent and non-sol vent nmay be sel ected on the bases of Hansen Sol ubility

15 par anet &¥8 SPO¥ RERAbFRT G iAcaHT ek yhrnising &ir sadicrirobmeeriFBiopEMA to form
the pol g- HEMhODollHENIA B 88 fprsétt BIvEALRR it ik‘ﬁé@%@.ﬁky&?b&tﬁ}r kHetpyiyHiaEAet er s
describe polyner-liquid interactions and _each solvent and pol yner can be
assi gned a °¥B¥ bgiora tiafer ipagtaralizgion iggmove e pglymegkavinginlerylar weights

i nt er act i oRsside tidaRGiFddRhigeN ARY mkiMBd 83pabIE OF deparh@iNmbtridrisnd@estn of  Pol yner
Liquid Interactjon Paraneters and Solubility Paraneter, CRC Press, Inc.
1990 20 andr9eeHidpBsighignaydsiusest | ity Paraneters and Other Cohesion
Parameters, ApradtionMonB8ihk Slvent/hdisoRfcB Snay bd8sed. PARk&tion ofFBENIASEL Of three
parameters defines a point in_a three- dinensional solubility space. For a
li qui d 1o &erolysers vig pregipiatiangia the gropyriteradditing of i EME: wpalyser folaaosol vent
must be clsgggnthes Ee@ﬂ%&cx@tﬁedthlﬂ@s@%%%ﬁ?i-Thyﬂ)?elc!ﬁgégﬁEiff’A Eolynfey mB@r @met ers of

a poly-HEMA can be 25 determ ne y solubility tests in which a sanple of

t he pol ynerthandegisgelead ip 4 selvent fanblaing salytiop dirag istsulstantiain fee iR obser vi ng

whet her t he,pOl¥dBkd hdnsthgso!l ved, swelled or unchanged, it is possible to
plot a solubility sphere for the particular poly-HEVMA in the solubility
space subst anfhiegPlvgntagd senssolvenday be selgpiedon Bebasss of Hapsdpaiolublliter s; A User' s
Handboqk, : = y ' S .Sphere
Comput o 38 e ek SR s e By A M e
conposi t i ofEMA ef the present invantipab Hensen Splabibity Rereangtdrodaserébeipalyriegliqud 1. 9

(ke tons) ‘BB R R s Bl kel By i o™

dp, Op, describing their interactions. A description of the system is found in Handbook of

Polymer Liquid Interaction Parameters and Solubility Parameter, CRC Press, Inc. 1990
20  and Handbook of Solubility Parameters and Other Cohesion Parameters, A. F. M. Barton,
CRC Press, 1985, Table 5. Each set of three parameters defines a point in a three-
dimensional solubility space.
For a liquid to act as a solvent for a polymer, the parameters of the solvent must be
close to those of the polymer. The Hansen solubility parameters of a poly-HEMA can be
25  determined by solubility tests in which a sample of the polymer is stored in a number of
different solvents. By observing whether the polymer is dissolved, swelled or
unchanged, it is possible to plof a solubility sphere for the particular poly-HEMA in the
solubility space substantially as described in Hansen Solubility Parameters; A User’s
Handbook, Charles M. Hansen, pg 43-53, CRC Press 2000 and CMH’s Sphere computer
30  program for the calculations. Parameters for some poly-HEMA compositions are listed

in Table 1, below and plotted in Figure 1.
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35 18 15.2 15.4 11.7 23 17 14.2 13.6 13.2 14 17 14.2 13.6 13.2 2 18 14
13.2 13.7 1.3 18 14 13.2 13.7 For fractionation the poly-HEMA is dissolved
in a sol vwotostohaw2is inside the solubility sphere for thecypalSysredsss

Sui tabl e sol vents have solubility parameters in the follow ng 5 ranges: 8D
fromabout 13 to about 20, Sp fromabout 5 to about 18, and SH from about
10 to about 25. More preferred the difgblance between the solvent and the
pol ymer in-the _three-dipensiponal so}lubility-space-—shquld not exceed the
fol i owi ng [val ud¥W &Bakesi aboput D5 tp about| 10M Sp| fr8m apout 4 to about
12, 8H frgm about Ijf t0 about| 6.;69NCE 11RE plol Yo EMA 183 dissol ved, a ‘
non-sol vent_that decreases (npves toward 10 the ofigin) t | east one of
the solubillity parateters of [hé7ResultHnht kephrat]onOfi xture is gradually
added to t{e drssofjged poty- HEMA O Otgh Untijh 2T NE gggired degree of
precipitatiion of high noleculpar weight material is|obtained. It is not
necessary [to reduce23 all threp sblubjliléyg parddétersl3Ln pany enbodi ments
it will be-sufficrept—to redugepoty LME of the peragsters such as the 8H
paranmeter.| I n other enbodinents it wl e [15 advant ageous to reduce both
the 5H and the Sp paraneters.| Wilhave found t 32 oftdd7a | surprising small
reducti on [tas—+Httteas—about2 58') apott 5 'nilga) fl* '9\-; ol vent paraneters
will give {the desired separat]on.” The no‘h-sol vent ju % reduce at |east one
of the paranmeters to insure the selective precipitation of the poly-HEVA

havi k_mol ecul i ght _qf ter than 20 abaut.90,00Q. 1f th
non- ool vent | RETBSarBE ey TR B e e ear Rt e SRt ur e

preci pi t at ispheré for MeGlynRs SSiftabld REIEMThaE sdliitdlityphtdleftrin weifglidwingind
poly-HEMA w thin the desjred nol e%ul ar wei %ht ran%g %js | ost .
VS a5ld

SUBSTI TUTE 8MetPo {iopabovis)] tepays it Priiom apest b isebouh Hﬁféﬁabaoég}%g t he

non- sol venti, bgout P& MNARE Iﬁé?e&re& HeWhidtaABe bdtwEAhdRIveh{ b el Jolyhner aMAE d | ocal i zed
hi gh concentration of the non-solvent. This will result in a | ocal

unspeci fi ¢ thisedimapsipenl sInbibly sprse yhasld nqt axasedthe Edlowing velugs: Op figwm agef ul to
stop the additigR 140 fromGH: b itPido P?bi,ﬁ a&%%oﬁ?i(ﬂ%‘abﬁﬂ%d- Non- specific
precipitation nay al $o Be mnim ze v B Increasing the tenperature of the
separ ati on m xt uPecatht poly-HEM Aiisdissplyed, 8 noh-ealvend thatdbdieagps (thdres toorrds ol vent at

a someviat i ghel of RARSHESHASsoRMith PRAmb LT Il Fostide SepHRES AR MRS is

gradually added to the dissolved poly-HEMA solution until the desired degree of

precipitation of high molecular weight material is obtained. It is not necessary to reduce
all three solubility parameters. In many embodiments it will be sufficient to reduce only
one of the parameters such as the 8y parameter. In other embodiments it will be
15  advantageous to reduce both the 8y and the op parameters. We have found that oftcn a
surprising small reduction (as little as about 2 to about 5 units) of the solvent parameters
will give the desired separation.
The non-solvent must reduce at least one of the parameters to insure the
selective precipitation of the poly-HEMA having a peak molecular weight of greater than
20  about 90,000. If the non-solvent increases the solubility parameters of the separation
mixture, precipitation is much less a function of the molecular weight, and poly-HEMA

within the desired molecular weight range is lost.

10
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until the desired separation is obtained. The separation nmay be aided by
known neans such as, but not |limted to, centrifugation. The anount and
rate of pweaspit7ati on will vary dependi ng upon the tenper @CarEs0z06830 whi ch
the separation is conducted, the solubility paraneters of the non-sol vent
and rate at which the non-solvent is added and whether there is adequate
m xi ng of the noMheciddiepthe nobspleedtni)e polyinbsohbbe ¢ ghabe dliﬁﬁcgllqto aybidt he

pot Y- PENA REANERTh Biock e b8 SRl AU &R o, AMMIRILIRY PRolRURYT O

pol ymer precipi ween abou fhe total
pol y- HEMA pmmpimioa of pdlyroer. ﬂmsnmbtcalesut wiilebahessfut ted;tapelmacﬂmonhnﬂm gh 15

nol ecul ar h m)J cul ar._wei ght | v-.-HEMA preci pitates
fromthe s%\l}g)n rléém S\t?glﬁ i regl a cFClr?atamé”ga eagljsg’% ¥%5mb§7d dnvent i onal

nmeans sic hmareas‘img 1he B:mpenatur@ﬁ’rthaf sebargtam mnxtur«amhl theeniktuteds cledr of addidper
separationgis desi the f at| on can.bhe eat b rther

over | ng. o PR STUIT O Reh A PIBLb RuE A e HBH0L B ettt " 1
primarily inmltﬂeeleﬁ&drmiamuoahs abidided! ke sepghtet mayeaided &y kneirghéant hat
separates ou e.renoved f.rom the solution. The high nol ecul ar

wei ght pol {2 flﬁvﬁ ’?ﬂil?ﬁeq?’%?é’é%\’%?gf’? selectively renoved, has a high
viscosity inThehmbimdand rhiei cﬁ”pfeaiplthﬁbnsmnnaﬂymslbeanmgsp@i tHetetmpeatuye atdi f fi cul t
separat i on d bed above.. The present. invention 25
horer & o 6 Padbiioh roPTie 1F SRR e ORGPy B R R Sfogencous
sol uti on oWwhich@eyrotdsdlerit s acided #d velethgithéry isddeduats miRing GEthe 361-s01ved Separ at es
corpri ses PEBE AT e opriehorrsh HEM St Sty ur BpeRgitEm 0 o

sol vent usjacngnérksendransaﬂmﬁﬁ)bubﬂ}bﬂlérprecrpﬁﬁlg@ﬁmﬁﬂdbém&dﬂlaBm]EtandI aﬁﬁ}as defi lr)ned
above. erm.ne t onte eratyre, T, 0O e sol ution by
cooling a g%f?ﬁ% toé?lpf’lﬁe[?@@dg H?‘HO @tg%#eﬁfr%dﬁ%mgﬂ%n hompgeneous
and 115 SLJBSI'EJ:JHE&@HEE%@RULE 26) WD 03/ 077792 PCT/ US03/ 06835 separ at es
into two pha Thete ich the fir enc separation
or turbidi tyﬁ%h’ﬁbgg’r}‘?‘i@ﬁ ‘a{‘trﬂ?ﬁ"lﬁﬁyw tafeﬁgog’cfﬁ%iqt] VF’étrrper ature
bel ow t he fﬁ&tl&& aidi@hbd S&?ar@tb@-ﬁﬁ&onﬁ/éﬁtﬁhal nfban@ﬂﬁis&ﬂﬁaﬁoﬂecehﬂﬁugah&ﬁ es. The

| ower phase n the highest | ecul ar weight material. Using the
above Pret hY ]It‘kei gp%&é%fusmaéa@ ¥ lretdah%%&wﬂ%eanmegweﬁtsﬁ BT wei ght

lowermg of the solvent parameters as described above. Again it will primarily be the

20  material with the highest molecular weight that separates out and can be removed from
the solution.

The high molecular weight poly-HEMA, which is desirably selectively
removed, has a high viscosity in solution. This can in some instances give a very
difficult separation when using the method described above. The present invention

25  therefore provides an alternate fractionation method wherein a homogeneous solution of
poly-HEMA is cooled slightly so the polymer solution separates into two liquid phases
according to molecular weight range. The method comprises the following steps:

1. Prepare a solution of poly-HEMA in a solvent using the Hansen solubility

ranges and within the ranges defined above.
30 2. Determine the separation temperature, T, of the solution by cooling a

sample of the solution until the sample becomes non-homogeneous and

11
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pol y-HEMA, and then to renove the pol y-HEMA that has a nol ecul ar wei ght
that is lower than the desired range. So, for exanple, the

pol y- HEMMWeaB#er2 mi xture is cooled to a few degrees bel ®aTiUse3/d835 al | owed
to separate into two phases, the upper phase 10 containing | ow and nmedi um
nmol ecul ar wei ght poly-HEMA i s siphoned off, cooled to a | ower terrper ature

to achi eve a second separatjion, the secapd upper i~ch I in

sol ution of the | ow end°PFAEs lpwopRasEs: Oﬁ’gﬁ%@%&t‘f g lg‘af%eﬁésétceg?l&q ower
phase, which pri mirl|Weﬁﬁﬁlﬁicﬁidﬁurblﬁﬁyﬂ%i;db&dldﬁhﬁ\/rpol ydi spersity pol y- HEMA
is worked up. The poly-_H in.the second | a gonsi derably
reduced anount of hi %h ‘&Wg%ﬁﬂ%nmt%mf%fe&émﬁaﬁﬁhg&?vgﬁémﬁﬁ P Orhy

appl i cations the pol ynesepefateahdid ghaeThbieyes phaadill @wein hbagkescan be used
directly. It is possible to carréiitout gl further fractionation by repeating

S

the process> described 2B Weight MasElsi bl e to influence the T5, by proper
choi ce of sol vent. Fggmgtharmhe n@etiia, i$ Bl patsitide) fmg‘ttminwd-iﬁblﬁughmoieeﬁlm@ﬁgmm

wi |l have a hi her a solution i anol . By
usi ng i xtures ]fy'%%q’[\‘?‘eﬁ‘fa‘i;th?”t tojremaygdhg yeﬁ?%&f ‘ihﬁtg’af fﬁH“é’ ef’ & W"t‘%ﬁﬁﬁrﬁt ure at
whi ch the best |seRaialthOdsEataiR. Sb)fat H@thpleSiht AP HEMAIsvIRHIt Sisvtie tcodled

useful for fractignation pased u TS i ncl ude. sol vents havin ow Sx and
the SP paraneti®f &V éﬁgﬁeeﬁ‘?‘@?‘%q&&p ?qgf‘thgé?afaﬁea‘HtOéBBB 535, B APPH & ‘@ﬁ | ess

than about 1. SBRGinfiglow andxediinh &fldctial WelghthoyaEMAns sifeptaoE, codlbd o aTay be
useful when the purpose is to_ renove the | owend maferial frog}ﬁﬁ}séﬁhutlon

from whi ch t he IAVGACTRRSTEWE foachifks §prconsbeparatiqapie preendynperRigse, ¥ Ved

To obtain a rengNash SARToMdn@rabtion! i siphdrRd offeAditheadcdnd low&‘e@heis@lm@dlﬁt ures
wel | bel ow room tenperature such as fromabout 5 to about 10C. such

cases it can be&TBRESGoRRMS the dsdiErddoPBIReREY RPY SIEMA bV oRke un H%‘F PPYT ses

the separati on [BMAGHBREHA ﬁﬂepp@s@ms@ naedrhIptedh@d@nouktOFf higk asgilb® Wher e
t he pol y- HEMA sol ut| on _ remains liquid, e.g., between about anbient and

about 50C. 12 mplEsg WQHEE?WRULE 26) WO 03/ 077792 PCT/ US03/ 06835 The

TS is also infl uenceﬁomarfyaspﬁ‘aaﬁ&ﬁmerp%iyn%o&aﬂequh@&s&mwer%as% g pol y
HEMA in the solution. For instance, the renoval of high and | ow nol ecul ar

wei ght  pol y- HETomsesedireptdss Lilis Pespiblg toyeArsy. "I“Eh/ﬁérﬁ‘ﬁaffa"?l??ag‘éﬂ 'EM‘iGB‘ﬁ“’@ﬂ e BIOSESRi gher
TS than the ordegidad abovPr € pol ydi sperse material. Also dilution to | ower
concentration may lead to 5 separation at higher tenperature. It is

possi bl e that the relduppssible te Hflyerce the da by propes ¢haica of sobyeak fiof el of | ow

mol ecul ar vy ghiorpieh ¥ SdEMAESNRIN SR Ynd KilPhdve a hESE: T, ikanlaQBRIBSn in which the

solvent is ethanol. By using mixtures of solvents it is possible to fine tune the
temperature at which the best separation can be obtained. Suitable solvents which are
useful for fractionation based upon T; include solvents having low dy and the 3p
parameters, and preferably 8y less than about 4 and the 3p less than about 6. Specific

25  examples include hexane and heptane. This may be useful when the purpose is to
remove the low-end material from a solution from which the high molecular weight poly-
HEMA has already been removed. To obtain a renewed separation it is often required to
use temperatures well below room temperature such as from about 5 to about 10°C. In
such cases it can be practical to add a minor amount of a solvent that raises the separation

30 temperature to a more practical level, for example where the poly-HEMA solution

remains a liquid, e.g., between about ambient and about 50°C.

12
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chains in solution. By manipul ati on of polyner concentration, choice of

sol vent, and separation tenperature it is possible to influence both the
vol une r awDe3logteen the two phases as 10 well as the comcaniSoxiseh of
poly-HEMA in each. Suitable tenperature ranges for the fractionation

i ncl ude those between about 5 to about 50C. Suitable standing tines

i ncl ude between ahow!is dsd Giflaericed BPMY tontetAYion antipRIyANPsEty SHthdiRy - HEMA

di scharged with tg}eysa}lélgh nol ecul ar wei ght material should be from about 10
wei ght % t o Fét @%tF%réfanf%@eﬁwyaLﬁmh and dyvmplegilar Wetghinout 5 to

about 40 wgjoBhHEMAMNhPrebREinla PP BERALh&A i y&ﬁtﬂ)ﬁtgwfeg 26{chQ'T, tan &t €N
practical, and the yield of poly-HEMA with | ow pol ydispersity after renoval

of hi gh andEHWw- mMept eAlYdispersqaiatshipl eiocdijufion lodgwes songspation may lpad ot 90% and
preferabl y 3pasion3Phipher t@ﬂ%kﬂturgoﬂ/qgos&ﬂ@t}ﬁf thgfeQﬁJ'n f@ﬁﬁfé M that BRErtdigduced yiel d

i s however a mnor caonsideration_ since | y- HEMA produced by free
radi cal polSPREsDTation;of oW Boleehla yeajgltt 9°1Vﬁl=5%éﬁ H%Sénwe&ﬁﬂ kegpethe loagsti onat ed
mat eri al | shehs RisOluy@l ue in many applications. In a preferred poly- HEMA
t he amount of polymer nol ecules with nol ecul ar i ght | ess than about
15,000 is | ess tR¥magipglation pbgolymres Fencamtajion, b«ycqqféﬁlvaﬁmyfl sgpgatioel  nor e
preferably g e°rat{u|3"%ﬂs ﬁ@s@ﬂﬁe 16 rlubnd¥bbin tf?@vo sdtﬁ% béct&f flé‘lﬁ'o%%%%gh tion and
t he exanples that the fractionation S are exl bl'e and can be
adapt ed!0ac ctrlasitey aoacantretionent pely- HﬁMAhléea;fxbem fic polymer. The conditions
required to obt %hﬁabﬁé‘t@mﬂ&%ﬂufe%g@?ﬂfr% f&@u&%éﬁﬁhﬁ?@étﬁ%&%mﬁ% a%gﬁfﬁl

determ ned by sinple snall-scal®e experinents using t I sclosure.
Sui t abl e teﬂhp@tﬁé‘fcbr%lll@hhg@gdln@nm@ﬂiaclmgtweén tlepubib bertr togGut 'Sdays abl e standi ng

Lo, Lncl ude bekegARH LN Ak AL B SR IRARY 200

fractionati shouldl e fropataboutd 0 mmght"/atcmbsutaﬁﬁdvemghh%rofalmbdmoly-HEMAj slbnhdvml dfhe

pol yrrer zat ea ei.r toxic gy i s known

R e L e s T o

descri bed. anfiitte yiedd ofygwdy- HEMA witke fowt ody dispbrgityHifdArenidval of highahd lokabl e

pr epol yner O uIt| dr s, u in.a i cal |ication. In

one enbodi TEAE ugarrllwelg?‘ %gfa:u(ﬁlgﬁ t?eab&lﬁ?gf/" 38?7%%%%%98%% fromthe

pol y- HENVA. thmtsso%auf ﬂima)r@umbarbgu_nt HEhesedue@ifiéla drhoseler @ miingiiconsidesatidg s Cr i bed

?2?]1\;\6/8 d | SU?Sllnﬁg ﬂ{%%gfy%%]%gggu%g& g}?gée r%cﬁgal IpO ymenza?glws ?‘élatlveiyqrrlgxp&as}vgr I al IS
20  and the fractionated material is of high value in many applications.

In a preferred poly-HEMA the amount of polymer molecules with molecular
weight less than about 15,000 is less than about 10%, preferably less than about 5% and
more preferably less than about 2%
It will be evident from the description and the examples that the fractionation
25  methods are flexible and can be adapted according to the nature of the specific polymer.
The conditions required to obtain the desired degree of polydispersity can easily be
determined by simple small-scale experiments using the above disclosure.
Suitable temperature ranges include about 5 to about 50°C. Suitable standing
times include between about 1 hour and to about 7 days.
30 One important advantage of poly-HEMA prepared by free radical polymerization
followed by fractionation is that the initiators and other additives used in the

polymerization have been used for many years, and their toxicology is known and well
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step after the poly-HEMA has been functionalized. The pol y-HEMA of the
present invention may al so be fornmed directly by anionic polynerization or
control | edofoseer7Padi cal pol ymeri zati on, such as with a TERRPOUSPess3s

pol yneri zati on, ATRP (atomtransfer radical polynerization), GIP (G oup
transfer 10 polynerization), and RAFT (Reversible addition-fragnentation

chain tran&fewhbednommrlxhg&tahpmsnt -BEMZO Y drdsBltkable brepBI9maLG R Processes
are known and dl i‘d osed "Controll ed Radi cal Pol yneri zation"; Krzyszt of
Mat yj aszewdkyultng gydrggel 1%&@?%?5%93&%1’ iegtiopes 685: American Cheni cal

Soci ety, Washi ngi 6e enfdodimb@Ohiy HO loven8RBUIR welghk frackion M eRBIA R #BEr i zati on
the desired S|Ié protected nononer is dissolved in a suitable solvent,

such as THEP°%o nthisrgsa by danerydhe sobvepthivaselvent pracessdatraiber aberdrat ur e,

bet ween 5ab g ferr@imtRatheaPBY low BBleSalatSheiht lﬁl@ﬁﬁl i Rinob & Ririfg ﬁié%s}ﬁﬁ 1,1-
di phenyl hexyl lithjum as_initiator. The % ynmeri zati on may be term nated by

convent i onatePRgtae PAyEHEMA hasfeen fietionpligeded t o degassed nethanol. 20 The

pol y- HEMA conpoghé p&ytsnmxbme @regaﬁﬁivaﬁtﬁn kr%sz b8 ForMed gih)éctw 8P afoand
pol ydlsperS|ty can, be used_to rmake crosslin prepol yners with

vel | - def i nd@ysarafionopeenétollesd figedadion! aelymerizatien, glmh as ﬁ@thBlItEl\@fétyé& anpl e, the

crossl i nkalofmRtieARhy SBRE (at&ﬁaam;f@ac@&wdmﬁe&a% GIYGOuCRsRE Cr osslinked
by W in an extrenely short tine form contact |enses wth very

desi rabile Hobperigatien), sad RéFT (&%{swlwmt@nﬁryag@@ﬁvmch@naansﬁ@ net hods. The
pol y- HEMA |p'§,1yfl.r;éﬁgatdog{:al ized to forma crosslinkable prepolymer by
attaching a crosslinkable functional group thereto. Generally the

functi onal gr oufengsplepndienstferdheadions prpcasess eredaatvh ad dissdpsedinom cr ossl i nked
pol yner s or'vcaymlre@ﬁhélc&lq)OWHZﬁ ﬁp%%?g@smﬁgj %&%ﬁ {RBE WY gahmpr ovi de

the crosslinkable functio roups 0 structure A- where Ais
an attachi mgrigg @apAmariesn qhgm@ab%ﬂs‘le@’, Sfashiogtom, MY-; 4 985 VEr examplfnd with a
hydr oxyjls graRicinBryind6-Rh ¥ de 1 i onal group
conpri Sing aan 1é:tpﬁyy?.rt‘lzmzcak1 u%n@égt E?ap%t?ictrml et ;ne?%w t(ggﬁ%lﬁasﬁach ng groups,
A, 1 nclude sel¥entSUBIST ﬁﬂﬁ@hgmlz‘th m@nm;onmtw @W@@Zenn@rdt@soy 06835
chloride, i ° ri des, epoxies,
azal actones‘m%&‘%%ﬁl Eﬁ;g)l%lgﬁddz}%ﬁerg%fc @@ﬁlvg%ﬁf(atg% faelrl’(ried att achi ng groups
i ncl ude am&b@mﬂb&ky]lxﬂem a¥ingiagpaThe paipyertzaticn mhyrheadsmﬁxcaml bya straight,
branched or, I I 0. Vi n t 0,8 carbon atons and
preferably %%L%’% r% U8 hél}ég?&lm%oltﬁ’/g?gﬁ%sfgglﬁg’%dof t he

20 The poly—HEMA compositions having a specific molecular weight range and

polydispersity can be used to make crosslinkable prepolymers with well-defined
polydispersity and molecular weight. As but oné example, the crosslinkable prepolymers
can have acrylic groups which can be crosslinked by UV in an extremely short time to
form contact lenses with very desirable properties so far unobtainable by conventional

25  methods.

The poly-HEMA is functionalized to form a crosslinkable prepolymer by
attaching a crosslinkable functional group thereto. Generally the functional group
provides the ability to crosslink and form crosslinked polymers or hydrogels to the
prepolymer. Suitable reactants that provide the crosslinkable functional groups have the

30  structure A-S-F, where A is an attaching group which is capable of forming a covalent
bond with a hydroxyl group in the poly-HEMA; S is a spacer and F is a functional group

comprising an ethylenically unsaturated moiety. Suitable attaching groups, A, include
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5 formula -(CH2-CH2-O " where n is between 1 and 8 and preferably between 1
and 4. Suitable functional groups conprise free radical polynerizable

et hyl eni cablog/o71resat ur at ed noi eti es. Suitabl e et hyl eni cal IPgTUrS®H0438%8t ed
groups have the formula -C(Rl)=CR 'R12 10 Were R10, R' and Rl2 are

i ndependently selected fromH, Cl.6 al kyl, carbonyl, aryl and hal ogen.
Preferably R10, . R 0 | t t hyl,
aryl and car bonfl: ?né%gs% arnaetgsﬁjr%elﬁsé?ggﬁlgﬁ?ﬁgésgbéﬁ%d%%@%%’géﬁie%% etcc):légg’d fromH
and et hyl . 15 cPmbibetione thereofiartdathe Bkel. Redfercd atredhimecarguips tnchide deid mhydiidks,,

2- i socyanat oet hyl acr i n h crylat [dyl
nmet hacryl ate, ci nnam')%gé %?e n%:aﬁi%%?ggc?gg&r%%%ag& t)tflm?%:nc%eﬁ 5%%%{35%} cggw%oﬁ lic
acid anhydri de aadn@iw $ydrbohatirmednd pledaratiin ¢ tahearbonMidninag mypolyetherxhain of the

anhydride is.preferre W1 all e canmpun f the crasslinkable functional
Group attachdd TS GHRY B e HRbEEt | SR CAERR T BT S 4 " ana
pref erably between aBuitiblelfufictivoal glnops condpdiséfrecamdicahpslymprisibleretitylopichiiym about
5 o , . .
RTITRERR  LL Tt N SN L A
measured by known net hods such as determ nation of wunsaturated groups or
by hydrol ysis of thea@@g%ﬁgﬁh en the functional reactant and the 25
pol ymer foll owed by r ation of the released acid by HPLC. Dependi ng
on the attadWli ng group selected, the functionalization my be conducted

i oL AouC 2 CORMELOTEL Gl LS SO0 SRR B LIRS

sel ect ed react i anyl andhdogen OPferdbtaR]) R'S anf RS aictiadehendsstlywerttad froml|H) desthyl,

di met hyl f or mam de 30 hexamet hyl.nphosphor i riamde VPT)., di met hyl
Ul T ox) de- ( VB0 808 FRaEL s o GrRdtehIn g PG SPBpg T Eeeit R nd

t et rahydr of ur an ofefidf) and N- et hyl pyrroli done 15 SUBSTI TUTE SHEET ( RULE
26) WD 03/077792 PCT/LUS03/.06835 . . Preferr sol vents include

formam de, DNF, DMVBOFTpSFeddragents Nﬁ?g‘lgg th?ﬁPfI‘C a qdﬁ’l\%'is%"yﬁ‘é"é‘%fﬂ{yf?@ry&%‘i’al yst
is a tin catalyS$ocpdidtopthgl méthdeiplate (1IBM)ydlydidyh mdthhéyila®] Ennahti€acid chloride,

functionalization reactio 1 xt.yre al s ontain a ve r capabl e of
oneti e e R BTt Bl amirit, SR set ey BRA LR By Pubd e e aP . whon
acid 5 anhydri degethdceylicseld aalydiideispidfaeddl Nng group, it may be beneficial to

include at |east one .
Suitable amounts of the crosslinkable functional group attached to the poly-

20 HEMA include from about 1 to about 20 %, and preferably between about 1.5 to about

10 %, and most preferably from about 2 to about 5% on a stoichiometric basis based

upon the amount of available hydroxyl groups in the poly-HEMA. The degree of

functionalization may be measured by known methods such as determination of

unsaturated groups or by hydrolysis of the bond between the functional reactant and the
25  polymer followed by determination of the released acid by HPLC.

Depending on the attaching group selected, the functionalization may be
conducted with or without a conventional catalyst. Suitable solvents include polar,
aprotic solvents which are capable of dissolving the poly-HEMA at the selected reaction
conditions. Examples of suitable solvents include dimethylformamide (DMF),

30  hexamethylphosphoric triamide (HMPT), dimethyl sulfoxide (DMSO), pyridine,
nitromethane, acetonitrile, dioxane, tetrahydrofuran (THF) and N-methylpyrrolidone
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tertiary amne, a heterocyclic conpound with an aprotic nitrogen or other
| e s bases to react with the carboxyl group which is generated. Suitable
tertiary woioaes77dncl ude pyridine, triethyl enedi am ne andPCTIE0sgdsas ne,
with triethylam ne being preferred. If included the tertiary am ne may be
include in a slight nolar excess (about 10%. In a 10 preferred enbodi nent

the sol ventNmMp)NMRefelrB@sdIRAGLAMde fSmiABEdRADIMA, DRISTS; poridind) WP & THRRCT Y1 i €
acid anhydrjde or a m xture thereof and triethylam s present. The nost

. ine i
preferred rWhen S isjusedyibe pafalysfis %tma‘if‘fa&’sbﬂﬁ)?ﬂ?rf?fé@}' dibglyl fediddraih is run at

about room t enpemaiiicBonakigdftidn tddbEdn iPiRAke 845041 Whialn 4 RIEhER cappbRREC] fi C
tenperature range, which is understood by those of skill in the art. Ranges

of 15 abouaqinE il muirtics Fraated B B Hmrienalizstion. Stor syl sten asiE are suitabl e.

Abi ent r esBidRRs 58 Yisddehs Wftachiy &?@ﬁﬁla‘? be BARACILING infcluAs 8l 1bRKEHR! €
functional group i.s an acid _anhyc?rTl e the functionalization is conducted
at t enper at Gitey Finsadaterosyriic conpymd Withigs gprosnitrogen ot pher lewisdasep fhgi ng f r om

about 20 t oreadd Qith 1@ alRUYISErodptwhiéH i g8 ratedP BURMIAL REryIMiddI@scfudel skill in
the art, that ranges outside those specified may be 20 tol erated by

bal anci ng tM@dineripelilgnedigmias andirielylanaine ctibdrietirflaming heipg pisfarsd.r Min t o
produce a ChOaddd hkRRaf MLePRLYPERhcMd R g@li@ﬁ' InbtariEMBss (Ql%ﬁ'f W)’S’)e ihaving a

mol ecul ar wei ght and pol ydi spersity as defined above. Apart from attaching
cross| i Hkabirefespdiembadinugss thetspleent is NP hotepajantisymeshasyiligacid anlidtidonal
functional i foyicnehuhyiBide B4 mBQire thifShi £ tlidth e?xﬁ%@%sﬂ)'résblﬁ.t ‘?flfxinf)é?r

crosslinking,” 25 pharmaceutical activity an i'ke. Sti ot her
functi onal Welsupbrepsynt isonethdcryligeridenlydride hat can bind and/or react with

speci fic compou : i Msgdnd p-cal

di agnosti c appl ?glgtr %/){gﬁ(gh i &%cﬁaﬁgiégggﬁ?ﬁgﬁtgb%&pr e_ngd;} %%Oru B@Q%E{ggﬁ f or med,

subst ant i al 4 speeifit tenperniae Bage, Fbirbisunderstapdibhihpsecd skitlén tih et Batges oferoved. By
subst apd | aklbloxt (?F!and Wd%ﬁ%&éfggﬁl L&%?S‘%Oan Q@&t Q%Je;[re 9uit}1bl\é\fekﬁ1me% remains

after washing. i'S can be“done %y conventi onal ™ means,  Such as

ul trafiltr aressnres iHoybe esed. For ekdmeplprvdse fite crasslinkiblo functionalsgrpugsis abdadd t 0 puri fy

s ng w LR GraRR TR i R e R SRS epdgs
PCT/ US03/ 0635t 45r°eriad €or3hks trabigink &olnyabahtl 2096 aBdiesomaes it will ygonst i tuent s
i ncl udi ng nononer i %b' ol igoneric or polymeric starting conmpounds and

cat al ysts RPBEFCRISH by [ose plsktll i thest thet farges pgpige thogsppmecitind MaYReoduct s f or med
during tde plepad ivaRiciaf theithe@h BalpbkdRlsgeRtéepol yner.  The washing is

conducted with qrellie?gctzi()endis\l{\u%ttgr and condjtions are selected t ONPr ovi de a
produce a crosslinkable prepolymer with a poly-HEMA
backbone having a molecular weight and polydispersity as defined above.
Apart from attaching crosslinkable side groups other side groups may provide
additional functionality including, but not limited to photoinitiators for crosslinking,

25  pharmaceutical activity and the like. Still other functional groups may contain moieties
that can bind and/or react with specific compounds when the crosslinked gels are used in
analytical diagnostic applications.

Once the crosslinkable prepolymer has been formed, substantially ail unreacted
reactants and byproducts should be removed. By “substantially all” we mean that less

30  than about 0.1 weight% remains after washing. This can be done by conventional means,

such as ultrafiltration. However, in the present invention it is possible to purify the cross-

linkable prepolymer by swelling the prepolymer with water and rinsing with water to

16

SUBSTITUTE SHEET (RULE 26)



5 large surface to volunme ratio of the crosslinkable prepolyner particles.
This can be done by freeze drying the crosslinkable prepolyner, nmaking a
thin fil nwbrosert’be crosslinkabl e prepol yner, extrudi ng tReTarso¥sdsshkabl e
prepol yner into rods, nebulizing the «crosslinkable prepolymer solution

into the deionized water, and other |ike nethods, which are know to those

skilled in rbhevebstankily: NEoMES{idBGEd B&Mtldﬁ&t@&ﬁﬂuﬁg SfdndbmerRRbldogerivd t h about
3 to about 5 water, replacenents at roomtenperature and_ the eqU| | 'ibrium

time betwed PRRIEHC sarbng camrotpds and saalps W for dieauensiptign efnBPY-ext r act i ng)
at el evat editMRRA4E B%ﬁb&&tsh&h@d/dabﬁgvl& e pleparatidio? tHRIcREQMkaklePrePOREOUS

advant ages qver ds.of the prior_art. The water renbves Inpurities

whi ch woul dTheé?%%élﬁ%ﬁtCO%ﬂPﬁeﬁ&l%td@P%@ waier 2nd eondifjosy prgslerteddapioidide 15 t hat

a pure mat qikpdburfa88liotdRin® Ay offtheor8RBnKAEE pr @?nkﬁﬁdi’tld@ésoquﬁ%% bd dbnoN€
enbodi nent unfractionated pol y- HEMA havi n sper sity outside the

preferred roXitgeze Bying &efrqséw}sahl? B‘ﬁP‘?flﬁP?fhm P%/a fgom thsiceastlinkablgwei ght
material h3agepoB@RR keABNEMe cloSslifikibid AréidRnet &flo Aad nEﬁﬁlzfn gt i onal i zed

material is washed rep eatedlg with |arge vol umes of water to renove

reactant s aFRESHrble prERplyBer oBHopdtehy Fi@ff’m?@ Wakirefnd othep liksipathodst hod a very

pure functiwned 4r Rehwe!iNssEENe0h tlew. pol ydi spersity such as bel ow 2.0,
preferred below 1.7 and nore preferred below 1.5, can be obtained. The
functiofal i zed dhewashingsawy &e pordycteimRaishsayiiea@ony to pbasit fveisod conpri ses
less than (L0%emphehabaR et hitAle é;@lﬁaﬂerH?ﬁeebe%&EWa?eme%lals td han 2% of
pol y- HEMA of nol ecul ar weight smal |l er than about 15,000 5 The extent to
whi ch t he saab¢ sherbred by svashkinggkigaching)rabelovatad tetegrzatetss batow bwut H8Gr ee of
functionalizati I al |
ol y- HEVA ol eayr Biovgis i EKERRRA AR SESARARY e PHELAC BB Ly ot
| east two cowenes nnpuritﬂomfhich Poeldicach o detieg starbgecat umpmvxdlrngcomﬂlbnce

functi i r hat a pol y- HEMA nol ecul e
wil | bgﬁgo tﬁ%td:pﬁ{éor&#%aﬁ a8 a%iéé?rth&%&? é%?%t?eel'l on one 30 coval ent bond or
none at all i ncim@mbmmndmﬁnEwmm@pcpﬁﬂEMhmmgmﬂydmmgm owgidk thelecr easi ng
degree of functionali Te oot LIVIE HEET . (RULE. 3/ 077792
PCT/ US03/ 06835 dlfQ&e %’e}yol?Enc fir%nrllg }c%{ on r%qm?llec\(/uérwer%‘?%'at&ll t | ow

nmol ecul ar \heerglhmom sriiuadtiosdtioed auhdlﬂm firsniowdided ﬁhlenaimsrwahéd xapamﬂty can easily

be determ ? erl co ing.| g chanj c properti es.
Once the crvgg’sl & &ewatter 1191580 %rea“ i =ar?g%u$’| 1711?@ Ty glo eﬁ@?{ di ssol ved in
a 20  weight. By thls method a very pure functionalized poly-HEMA of low polydispersity

4

such as below 2.0, preferred below 1.7 and more preferred below 1.5, can be obtained.
The functionalized crosslinkable poly-HEMA obtained by this method comprises less
than 10%, preferably less than 5% and more preferably less than 2% of poly-HEMA of
molecular weight smaller than about 15,000.

25 The extent to which the small molecules should be removed depends on the
degree of functionalization and the intended use. Preferably, during cure, all poly-HEMA
molecules should become bound into the polymer network by at least two covalent
bonds. Due to the statistical nature of the functionalization and the cure, the probability
that a poly-HEMA molecule will be bound into the polymer network through only one

30  covalent bond or none at all increases with decreasing peak molecular weight and

decreasing degree of functionalization.
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5 water replaceable diluent to forma viscous solution. The diluent should
function as a nediumin which the crosslinkable functionalized pol y- HEMA
pr epol ynewoaa717¢2 di ssol ved and in which the crosslinki n@Cramos/06s85 or cure
can take place. In all other respects the diluent should be non-reactive.
Sui tabl e diluents include those capable of dissolving, at or bel ow 65C,

bet ween about 3ﬁorwaffﬁnc%ﬁaqazﬁiaﬁ&Jélatﬁzglywrgbith%oiaﬁmgeaﬁﬁlmighaah@nﬂr epol yner
based upon the total %ht of the viscous solution, Specific exanples

i ncl ude al éW@fﬁIQQqug ripgs gL camgasbnbederrmined Ry SEBRENSb| y net hanol |

et hanol , PLoRARRL M aliniiicRmida es. VAt er may be used as a co-dil uent
in mnor am)untg such as | ess tﬂgfgﬁé;{l)out 50% of the total diluent. For

hydrogel s, di | uemtedheergssiipkablsepropglyanr has beenepueifigd ¥ the@rselve Bsol yner in an

anount 3"“' Ghtek fep ﬁ@%%xﬁ@ﬁt% fotm 8 VisBbuskOluiden. tTHE dAGIM BHouRlf fuMébRhs LT €sent i n
t he final hydroge | uent anounts between about 40 and about 70 wei ght %

of the res meshuﬁgnW@@dh%crgssh@tab@ﬁmm@aaé@aﬂ%ﬁw WPRUWNE cabbsut i ons of the

present i n\ﬂ%Eﬁl{réaQnﬁ'ﬁ}/»@h@h Wk SfoRsinkie RlactBh O bure a2k ﬁﬁ’c% TI:Qall &hqut 1x107 cps
at 25C, preferably of about 100 5 cps to about 1, 000 CBS at 25C, and

nore pr ef erespéojs th diusaighould be B‘meeé‘iilé’et 8“@@61&1!1“‘5@@9@ t@?ﬁ capabem€ 20
Pref er ably d}slslﬂ Qé a\'l;'\ﬁrrﬁr??o 5eCa’$ Teﬁ%&&lt B@ (VTC%HLQ% ]éﬂo(ﬁ & v%elklﬁt‘ﬁnded end use.

So, for exanp e artic el ng |s a confact |lens, the
sol ventl0s h@tdsslmpabéé prepdjyertbesedsipbrethe ttal geightef thoviscaos SOémwnoﬁlbﬂdﬁazl m cally

o onty saiEs hu Ao bt elonk KPRt Atlon|stims, Bld By iBland | | 0L "
Di | uent s t lethtinalj ﬂrd)pamltanbmuauapdnembédwwnmytllraslscda&ﬁl dordilgertrin ingloe shoul d have
the 25 Capablo{lrlltg yucﬁos tﬂégl tbhgt S-S%I.oqjt}? eggl uesi® %%&o%ktj‘llute&s %Iul%w about

room terrper ters SS an a and T ow vapor
pressures G)badded ntxgthpoxoaﬂmhdiﬂn/mepodmnnnun drBOOunt ixielmis laproxifatsicoeprab@t i bl e

di | uent, cl ude I ene ,
di pr opy?engh gﬁni/o(% oqj‘%? reéesnt tg? }e{%a? h?adr%ge? ﬁ'%n%mm% q’?&er%g%mqpy(f&dt hyl ene
gl ycol s hawboutdd welgha}’o Megmklngmmmlme #0éptabdd 600. Use of 30

bi oconpati bl e dji,l uent he r.enpval .separ [.evaporation
step to renovek/fsﬁ%uséf’ll ﬁ%nﬁto\f\%e ¥ Sergﬁggnlt oflyﬂz—f aSY—‘ﬁﬁ g@ﬁ%‘@@’pb% 8?3/ 077792
PCT/ US03/ 0GB8&h 1x106‘6pmaqugre@rihllﬁﬂﬁ&0ﬁfayo a0 (Beps heatiseELO00KN00 cpeat 25% Ui re an
evaporation step for diluents re not conpatible with the intended

use envi roﬁﬁ%WPreHE‘EfWaB]éﬁof?l??g‘t IquoﬂéPﬁtga'é?“és%QogrcP&ﬁ@ deneral Iy have | ow
boi | i ngopoi nt s ple@ssbly MhaQilfARUke ARGt forthé Sficle TR de@ BRYV@L. 86,doreVapor ation

conveni ent. Suitable low boiling diluents include

example, when the article being formed is a contact lens, the solvent should preferably be
safe for ocular contact and ophthalmically compatible. This is particularly important for
diluents that will not or will only partially be removed from the resulting article prior to
use. Diluents that will not be evaporated from the resulting article should have the

25  capability to bring the Tg of the viscous solution to below about room temperature,
(preferably a Tg less than about -50°C) and low vapor pressures (boiling point above
about 180°C). Examples of biocompatible diluents include polyethylene glycols,
glycerol, propylene glycol, dipropylene glycol mixtures thereof and the like. Preferred
polyethylene glycols have molecular weights between about 200 and 600. Use of

30  biocompatible diluents allows the removal of a separate washing/evaporation step to

remove the diluents.
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5 al cohol s, ethers, esters, glycols, mxtures thereof and the |ike.
Preferred low boiling diluents include al cohols, ether alcohols, mxtures
t her eof awo oBlog77bt ke. Specific exanples of |ow boiling diPCrarsnso0dsat| ude

3- et hoxy-1| - butanol, nethyl lactate, 1-nethoxy-2- propanol,

1- et hoxy- 2- propanol, ethyl lactate, isopropyl |actate, m xtures thereof and

the like. 10 ALPOkYARE i#Rhls%hy o bb ol by Moife Boafdtatin e ni L ator
a

may be any initiator is active at the processing conditions. Suitable

i nitiators dilpeatspech He pefeompatible Viftathe intendpdisse shyironmgato A9W(HoHEEudi ng UV and

visible |i kW d LAk O LK SiinoYbihabkl | 1le¥o, -l;vat ed

initiator sgl?%%r{t%%b?aurg er%g&riilgm el%)évlgglnlggy?lh%glf %xtil‘j%lgdwlasl E%rc 3&%&

per car bonateke ranoyhl Wi evaberatjonmoenyenient , Suitalile loxnoliwiling diloénis ncloda tri | e,

2,2-azohkis 2- |.hu YA [ e, ' oinitiators

i ncl udelgar 8??3{@%5 ggﬂegh%'ye%%gb%(&%@?%%g t%?eogg@etrﬁﬁgef yg}ége&nl%ﬁg&b?ﬁg&ga di ket one.

|1l ustrat i dduentainghdeslaholgetten plnohol saminturss/hereofand the like. Specific examples

hydr oxycycl l.aher €, 2-hvdr oxy- - - Rl -propan-1 -one,

benzophenor?g{,z)%{%ﬂo aJrl:]%i%net%I?‘ I?gen?’e?%glg%g %ﬁ%ﬁgf%%nglacga 5??3 Hgér%%éﬁc Ir?one and

et hyl - 4- ( Npidpanaiett-ethdgrd-popoeh zthat lectaie,_ iMpnmyhlytd:taﬁs,_ehixmmlthanqﬁend the

hydr oxycyclohexyl phenyl ketone, 20 bis(2,4,6-trimethylbenzoyl)-phenyl
ycyclh ! ! !

phosphi ne oXi'de and bi s(2, 6-di met hoxybenzoyl)- 2,4, 4-trinmethyl pentyl

ph(r)ns) _philltﬁ_e oxXi dﬁA p@%ﬁﬁzttorﬁmiﬁzft%hbaﬁcbgla}idﬁd{)!Te?yiitiamtmaphie lanayf iniatot e atnﬂ g

conbi natio .eof .an e |like. olni.ti.ation.is. a preferr met ho

and brs( 2t R B e oo SRR BN AR B R e,

bi s(2, 4, 6- photoimiiators (reheing JV phdeviyible pighisipitintoss) and thkelilen Guitable thermally

2- hydr oxy- et hyl.-l.-.phenyl - propgn- 1-gne 25 are eferreg hotoi pitiators.
S T i R e S A S S A
5, 849, 841, aadbidwbutyronitfile, 2,hezabissisdbostunéritef 2,2arabls 2-sethyidowalttdalk add herei n by
ref erenge. .t her %’tiv s .whi ch be j.ncarporated. in th r epol ynmer or
the vi S5oud B SERE miiitibe Bl pmab PRI RS of £ ubRG T o
absor bi ng eeifeqiusdsdikdaarc llivseattly @SamplSOf phi@einitiatopsibtetnd@teglani ¢ pi gnent s,
dyes, photochrom 0 un? rel ease agents, antim crobial conpounds,
phar maceut i'¢ P§¥°y§8ﬁ?}gﬁ’ﬁ?}}y E%&?Hes#'%%%P’fﬁ'ﬁatﬂgg’émegﬂ'%?%& Mfddi ti ves
desi rabl e thendsphenbad, thickatthersd-ohe Atcombiastitiitof sffsHotquidhé ol ety 9N, Nas but not
limted 19.SUBSTITUJE SHEET. é_{l? 2 1)1 .03/ 077792 PCT/ US03/ 06835 to
TVPTMA) coAERFBRE PEHEFE g7 NP qoxgg?merﬁ&%axyexﬂ%ykpim ‘9‘?’&%}3?’ be added
at  neol y ba(R4,6 e ethABehzoH Y playGRBPhindRkiEle aid big2/saimehodseR6yipt ed or
g :J i Ee ra: e? r g?ﬁm\ge%ﬁy?&%ty? gﬁogéﬁigenoxﬁéé? &I’ﬂ 6-8{n?§t1?§11?e%|z3§1)ﬂ%51ency?Qﬁo%;')h?nec ompounds

oxide and combinations thereof and the like. Photoinitiation is a preferred method and

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

trimethylbenzoyl)-phenyl phosphine oxide and 2-hydroxy-methyl-1-phenyl-propan-1-one

25  are preferred photoinitiators. Other initiators are known in the art, such as those
disclosed in US 5,849,841, at column 16, the disclosure of which is incorporated herein
by reference.
Other additives which may be incorporated in the prepolymer or the viscous
solution include, but are not limited to, ultraviolet absorbing compounds, reactive dyes,
30  organic and inorganic pigments, dyes, photochromic compounds, release agents,

antimicrobial compounds, pharmaceuticals, mold lubricants, wetting agents, other

additives desirable to maintain a consistent product specification, (such as but not limited
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nmononers whi ch can, during cure, give polyner material which is not bound
up in the 5 network and/or will give residual extractable material. In a
sol uti on wb ca/opobynmer the rheol ogi cal properties are to aPkirdgisosiegsee
determ ned by the | ongest nol ecul es. The pol y- HEMA of the present invention
is lowin nolecules of very high nolecular weight and this gives their

sol utions ao MVHIBIA JombilRGibrisakréfRidMe likd. These l;&nfmmom& mepbsadded att | ons of
the present invention hﬂve benefi ci al It% short re %xati on times. Relaxation

times are |"S¥Y IWSHReq ay|is CORYIFRES, 2MtAThed ar aspoipiad oL dispesed- about 5 seconds

and nore pref er aht Vis¢oRs SoliitiarhaR@prefedabBeid BshtaiDbdigour® saadsifep tines are
beneficial because prepol%lrters havi ng. them are capable of relieving flow

i nduced  stPROEEE Yrshsany Yripg yrpgiePobmeT paiedy Huthsaet rerdimir thes free of
| ocked-isn sfetvRsR @fi/or Wil §ivé Pesilubl@WEadidbl MateigQUS sol utions of the present
invention to be_processed without | ong "hold"  tines between closing the
mol d and curi ng ™ h#PlRfoachp golygeiths Bisologifal PrBEietiRAR Hhieh ¢rerssr esent

invention rRriBedBEfe Bngsk Aolebiles. TR SI1y-BIEMA 6f the PR‘nPRVEHIBEsIIoN@ | zed
pol y- HEMA prepol yners ang

nd hydrogels, binders for tints in _contact |enses,
bi nders i n Ml of vary high rré%(mulamelg@tan%m&lw%&w&ﬁaluflw& yquR@er of0 The vi scous

sol ution ofgelif@iganrt. i nvention may be used to forma variety of
articles. For exanple nolded articles, profiles, preforns, parisons, filns,
fiber, Yubing, Téneistous sdutioqnpgktheprgsenhiaventivn havgherefigigBy sortaelpxagion syj t abl e

articles i nghdddReRkHIR Ahfhre 18MLE Aout TRLLGRAS, pfdHy ERAhhdut 0! ymers with
reactive groups or biological assay markers which are bound to the pol yner

and the | i econdsanddnqye pr¢farablsless, thas abpptd peepnd o Phoyiplagationitigengry articl e t hat

i s desi gnedeh&ichevitasd préff@iyl‘r@rsq;atfih%fhehlrhré)éapﬁ’cﬂe BERRIgabw héregs or fluid.
Exanpl es of these devices include but are not limted to catheters,

i npl ant's, Sireyessprior fqquang &) the eyrpdpelyagynetwonis diee of lagkeddy eressepaHdages,

t ubi ng, 15c08fj bR e {vRE0RBYIuBbnsloP e PFSGE HvBStioR td bCprEssed Wiﬁli)lﬁrlél_gf“ﬂéé}d” _
antibiotic, diagnostic and therapeutic agents, and ophthal mc devices. A

class of prtisresbedgendosingihe moldand geingdbe visaees spddionpht hal mi ¢ devi ces,
particularly CO%@ﬁ&ly—'I—ﬁiﬁﬁ of ﬂl@‘ﬁre!s'&@glvgﬁ{otﬁhﬁy bk n%dtag b Ring Iafals AR D

"ophthal m ¢ device®” fefer to devices tha feside I1n or on the eye. These

devi ces carmgkinpiepsiongizedealy-EHEM Lprerdymeniendieydeagels, biefletsgfor s i8UBSTI TUTE
SHEET ( RULEogt 1%%@%9&3%%&5?% aHARORepridieE hEhY s 20nOSt 1 ¢

functionality or e cosnetlic. ‘termfiens”in es but is not
limted0to soft Thomsenus sqletipned thelprasent duyantinstmayde gesd, to fovmragedety af | enses,

overlay | €Ng&cles. For example molded articles, profiles, preforms, parisons, films, fiber, tubing,
sheet, coatings and the like. More specifically, suitable articles include biomedical
devices, medical grade coatings,‘polymers with reactive groups or biological assay
markers which are bound to the polymer and the like.

25 As used herein, a “biomedical device” is any article that is designed to be used
while either in or on mammalian tissues or fluid. Examples of these devices include but
are not limited to catheters, implants, stents, fluid collection bags, sensors, hydrogel
bandages, tubing, coatings for any of the preceding articles, carriers for antibiotic,
diagnostic and therapeutic agents, and ophthalmic devices. A class of preferred

30 biomedical devices include ophthalmic devices, particularly contact lenses.

As used herein, the terms “lens” and “ophthalmic device” refer to devices that

reside in or on the eye. These devices can provide optical correction, wound care, drug
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ocul ar inserts, optical inserts and spectacle |enses. A nunber of nethods
may be used to formthe articles of the present invention 5 including

i nj ecti orwomB@r1792 extrusi on nol ding, spin casting, extruPCausodedsshg,
closed nold nolding, cast nolding, conbinations thereof and the |ike. The
formng nethod wll be followed by a curing step, described below In one
enbodi ment delivety) @iapicsseictiodNen b Mlly bd@sRERP Othy ek 168 lintlidesibut & desed t o
forma |ens. .Tge preferred met hod for, producin | ens fromthe viscous

sol ution of Mifdtosp CB%%IZ%ECS; FRTASHlePSEs RIROgHIgrdenses BYHPH Sk | ens- f or i ng
amount of bhHgarheAYlophidl ins@tshd §Rctadle nsfRensed into a nold having the shape
of the final dgﬁi reg hydroggl. he nold nay be ma?e fromany suitable

mat eri al i ncl udfrigmORH 4 msHCds MRy betspd e formy B gBicl 91 R BresegbinyEtigR ene and
cyclic pol yRhffdghectBy Iﬁdmﬂg,s,ehafsmnmn@m%um'cas'ﬁhg, SAB@Wn Rq@EeRY suf ficient
to produce a_lens of the 15 size and thi kneﬁs,desi red. Typically, about

10 to aboufoihmpldie, W@E‘E}G@g’é‘BP@cﬂP‘b‘?{’Siﬂ?f‘i&’gé‘Hﬁ pfe. dba foping rastlod Next the

mol d part s wall Be ANSREDbEAcSME Brep BEcribEbIdwecous liquid fills the nold
cavity. A benefjt of the present invention js that the hold time necessary

bet ween assenbltig erhedimsnt @t fig present Hryertinmtheprerolxpest jolutinsyis usedd® nave found

that to av@h d 16hd A% plefbred MaHH €6} pPdduBs 8 fenk RbA thd¥@sdobdRlutiBh bi@be, it 20
is necessary to_ allow the viscous solution to rest in the closed nold for a

per i od Pwo Pesent {iyprtionds via dirgeppglding; alsns foamipg ameyry o5 He grepolmer r el axat i on

tine. The \YhgGaUS dSMInd 81 aQhold hiEngRheSBR of Y EDH HQReIRMELENGEI Cial |y
short relaxation tines at roomtenperature (less than about 10 seconds,

pr ef er abl y moddway bpymadefnm any suiabdyaaenial ingludpewishost BEHION. | ess  t han about
1 second) W@?ﬁgﬂeﬂg\()@%@mﬂqc;,glfg?,gly%hgg) are generally |l ess than about 30
I th

25 seconds, preferab %/ ess an_abodt 10 seconds and more preferably |ess
than about 5 sBrogasiomisg gagint] §mepntsagappat suificiepido praduee Hensdf g ti mes of
the prggent;,] i i S.: . L nd -di 0N i t he
cr osel Takabe Pkl it Hyp i gt 0 5 SOUIBRIRLI BT o
i mpai r t he pewrontagf lgnso desithamoldipartsare fisserabled such éhatithe vistaus liiid fill$ the be 30

appr eci at g, Dakid N8 YA G14R, SRLHE 1 ORI R sdSlofh (01 nc: QRIS BN the i es

specified in oxygen con th mnimal or no negative inpact
ot her t hanassembing thomoldipatts o cuiimgis ver@ shor6GUBSTI TUTE SHEET (RULE 26) WD

03/ 077792 PCT/ U@%%[agefsﬁﬁéd tthlg-tﬁ? %‘%% fﬁtrS&{Mn%iu%Q&e& R{%ss\ég o e fisa? lalll!itcie? iy I's

exposed to ionizing or ac
20  is necessary to allow the viscous solution to rest in the closed mold for a period two to

three times longer than the viscous solution’s relaxation time. The viscous solution of
the present invention have beneficially short relaxation times at room temperature (less
than about 10 seconds, preferably less than about 5 seconds, and more preferably less
than about 1 second) which allow for hold times which are generally less than about 30

25  seconds, preferably less than about 10 seconds and more preferably less than about 5
seconds.

An additional benefit of the short holding times of the present invention is that
they minimize oxygen diffusion into the crosslinkable prepolymer from the mold parts.
Diffusion of oxygen can impair the curing process at the surface of the article. It will be

30 appreciated that the viscous solution may be held for longer than the times specified in
low oxygen content molds with minimal or no negative impact other than slower

production times.
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radi ati on, for exanple electron beans, X-rays, UV or visible light, ie.

el ectromagnetic radiation or particle radiation having a wavel ength in the
range of Wwooeswzibieut 280 to about 650 nm Al so suitabl e areTugos/edsps, HE/ Cd
, argon ion or nitrogen or netal vapor 5 or NAYAG | aser beans with

mul tiplied frequency. The selection of the radiati:on source and initiator
are known to thegemefd cﬁlfthlln It JiddBuotutiod ﬂ%ﬁos@é to%gﬁlhhg bihclifte art will also
appreciate that the dept Epenetratlono he radiation in to the viscous
sol uti on afities. %leei falﬂ@rrwgbqams&aafmawoawﬁrébthgbbm epgiromsEnelict h t he

mol ecul ar - ahgQoRbE 9&?11&9%fdfa’t18ﬁ anaar\gaveﬁﬁ’%lﬁ BIthe ?ah% OF 1Rim SdoGt BBhect ed
photoinitiator. In aaﬁ)ﬁae erred enbodi nent the radiation 10 source is

sel ect ed f @bt tsuitpble are Y derppsq BB/ Geargoone qrafiengen ogeetaliyapar 315) or
vi si bl esl i ghfyatapaider §Q%hs Vﬁﬁ%lﬁﬁé@ ﬁ@gjencﬁtTﬂ@'sng tloﬂ%?&gbgd}!:m\}) oikzed herein

the term"high intensity" means bet ween out to about
10, 000 MV @ lmtrprvéaalwewnmthesel%slgﬂmﬁwa@eﬁwapfs}uuml@qrmﬁabbout 30

seconds ang Iﬂe&zt@&amhx déﬁ%éfgetl@cfauapeﬁhe gjaglauaﬁm&ﬁl%wswﬁ g&ug Jgg gRerature

nmay range froma out anbient to el evate eratures 1 ut 90C. For
conveni enc&rossiaking sese prgiin Jiracheoriglatipmyyith the mmhathsym@@nmﬂi@dt ad about

anbi ent te@p&%ﬁ&#ggof{ﬁggelﬁ%%ﬁ%gﬁuﬁ%l ?n P t {?mﬁeagg%gthg%) ,he conponents

of lens materi el ecte are wt one o ordi nary
skill ilf t Beuregis sqlesteddfeqma UviAn(@bout BES t@hoet%nm)ﬂilﬁaéahwsz%kabo@aﬂﬂm ent to

forma pol y, Ei(l[l‘% &f%l‘ft 406 Omohbﬁo%%gc{gﬂfgﬁ lﬁt%ﬁg dgs Es;egﬂ?ljﬁMq?J ferm" r esul ting

pol ymer netvvor s swollen wt ormo he nol d
cavity. Ondwensily’i mepns hosobebyesh ebout { HemMH¢rsto abait dH.E¢ETW/dn'’s tThEr'Olhldl ng

ot | £ g Mol 808, kol PR Rl iBREAD A EOMMMINS Rs MUPIRAHGLS 200 & L T

sinmplified conpare convent 1 onal are not necessary
in the preseaonds ﬁ‘blenummmpetalturamzﬁrdng@ﬁmr}amut binbientitb elevited tempsgorenio washi ng

or evapQr at ep kS re U|red eit n advant age
of thqur es eQ% fér?vgh Pof n?ﬁh SCNHE Sl%p}]ﬁs%&g ﬁﬁré?% IBP@?‘?&?I’I%%OHPHQ%@ Yused, both
loost Lm! Fll n‘gpugxmblamttémpbraméa m‘het ptedfige @nmh?mgﬁllﬂé%ng uﬁfrﬁhe’lﬂimpt’oﬁgw <¥f]¢cad. :jf tﬁ
ow boili n us e diluent s e orated of f an e
| ens hydr a?‘%& ef‘% e{ﬁ&tf%?ndeaﬁ)?v‘fﬁg ﬂ?eesg'ﬂ]i q&loﬂﬁoqooééfgﬁ s F%‘é %% pol yner

net wor k, wdetetmindren swelled with water becones a hydr ogel . Hydrogel s of

: : 0
water, and prof SRS B aERR SO I FomD 6 VB WETGR oM er . 29
SUBSTI BUTE cidkifinkabidpdefolfigr. Wab f28ulfre/ptlyndradindBOis sW6ifa Ivith the diluent and
has the form of the mold cavity.

Once curing is completed, the molds are opened. Post molding purification steps
to remove unreacted components or byproducts are either simplified compared to
conventional molding methods, or are not necessary in the present invention. Ifa

25  biocompatible diluent is used no washing or evaporating step is required at this phase
either. It is an advantage of the present invention that when a biocompatible diluent is
used, both post molding extraction and diluent exchange steps are not required. If a low
boiling diluent is used, the diluent should be evaporated off and the lens hydrated with
water.

30 The resulting lenses comprise a polymer network, which when swelled with water
becomes a hydrogel. Hydrogels of the present invention may comprise between about 20

to about 75 weight% water, and preferably between about 20 to about 65 weight% water.
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The hydrogel s of the present invention have excellent nechani cal

properties, including nodulus and el ongation at break. The nodulus is at

| east abowD 0207731, preferably between about 20 and about Pe@/yses/p6sand nore
preferably between about 20 and about 70 psi. 5 The elongation at break is
greater than about 100% and preferably greater than about 120% Due to the

absence of Ith%g;@mgmé ORI predRat ifventibiBavd ¥ &N hischinlchl fRéfees hh@lﬂimg’ el ative
def ormati on su origi nal shape

as 100%return to their t hout distortion.
The hydrod’é‘?dé‘f“éﬁn‘f ﬂ%“%ﬁ?%”é:}?feal‘n@’éerﬂ‘?‘gﬂlf“é%I%F%O‘Ftr’-@é’sﬁ Prg%wfys. bl e haze and
di st orti on.pefiften abdat BUMARGoR O0BENAdI e PefeRibBPRIWdeaTbsREE end dbButpdr 0gel s of
the present jnvention 10 excellently suited for use as ophthal m c devices
and particdarly soft contact |enses. Lenses thus produced may be

transferred to iTREEMAgHA atlhRRAk iNREHARH 6611 00%4 aiDproferddlf fri@thagal | ne
solution. The saline sol ution maé be added to the package_ either before or

after trandbett 139%; Rue fosheabsenego ?OWW%FWS&%MB%WW@ Mgh uent will,

upon st andilagel defdrRStichahEe 190d:4biuRne tlféiir%ﬁ?x glenigesvitlohiBRdrist. tthevat er,
form ng the desired 15 hydrogel. This ma so be acconplished in a

separat e sth¥progels ofgpregat nygtiop atselsp Gge frAm visthle hage Ruchdistorting Bl yner

net wor k Wi If‘orega cdﬁpmugpspprt)lb&u@m&tm@ MeRlof BRI RHARAndN  the
hydroph| lici t¥ ol yner. The equi l |}E)r| um wat er content (expressed in
wei ght W oredllgel w&% éEFeIaéﬁﬁl)th%V %@cwa@ﬁé@rﬁ@%larlymﬂﬁtcowﬁa#nﬁ%e amount of

the diluent preggnts @b hrBGcEd i Be uéﬁﬁéf%h%@{o 19&4@169ag¢én§pm5§3|§ cMtfinHg 8T ul for
maki ng contact |enses conprise ' 20 between about 20 and about 75 weight %

wat er . The thifened spdime gelytiqn, The saling selutinn maydistaddadito ths@ackage «ther Befdse i um i n
water. |t i ard}QMRMETof tmner@%@ﬁkteg @Amaﬁlﬁgg yslscot,ﬁyaam@hﬁ&%m ufdie size may
change, the shape of the f K drated article wll be true reproduction
of the sha&fpadigg it thesalige Eplki,tmlr ¢xghange thg divent with avgtep rf@m@lilgﬁ;ﬁﬂestrﬁb armount  of

di | uent;si s gafgliuiTh n&E}QfSS Be E&Oglbﬂﬁleéilrl Saraté Ste hﬁiesﬂ‘écﬂ lwhRsidggRand or

contract whén in equilibriumin wat 'S a}%rue : reproducti on of
the nold cdlW maykagwﬁl@:wlmerant‘mwﬂt ta’g@pfacﬁpeq;ﬁ@m@w m@wttmie@pnm@shby

paranet ers (f hﬁtt%hflﬁﬁ?&fth@ﬂol&ﬁ&s Th@‘? 1199&%&&6&5&%&;&9% A5h & ta‘%

materials are '’known 1n stic package i's releasa 1f/seal ed
with a fil mftsdiydrateddengamay bechigher wslowréhammmnwnt oftthe diluentamesent30 i ncl ude

w0 03/ 077780 e BB AR %k i beilod ekl CHocs ot

t hen st28r i |beteesn about 20 and about 75 weight % water. The hydrogel may thus expand or

contract when in equilibrium in water. It is, however, an essential feature that although
the size may change, the shape of the fully hydrated article will be a true reproduction of
the shape of the mold cavity.

In a preferred embodiment the amount of diluent is carefully chosen to give a lens

25  that will not expand or contract when in equilibrium in water and is a true 1:1

reproduction of the mold cavity, which is an advantage for predicting the optical
parameters of the resulting lens.

Appropriate packaging designs and materials are known in the art. A plastic
package is releasably sealed with a film. Suitable sealing films are known in the art and

30  include foils, polymer films and mixtures thereof.
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product. Suitable sterilization neans and conditions are known in the art,
and include, for exanple, autoclaving. It will be appreciated by those of
skill in wbe3artot hat ot her steps nay be included 5 in tReTnsbaiogsg and
packagi ng process descri bed above. Such other steps can include coating
the formed | ens, surface treating the lens during formation (for exanple
via mold trafiefsealpd pickegseeantaiging the lqngggdre th?nsséeé’rhg?cng def ecti ve | enses,
cleani ng_t he mald Daky&S, conRsd 48 cbiligidi® k@ khakw isthe aombd maltiiens t her eof
and the PI%®&"" Brocesses and coat i ng conpositions are disclosed in of U S.
Pat ent s 3or@5dmpl82utcglading, 033; 4, 920, 184; and 10 5,002, 794; 5,779, 943,
6,087, 415 V\D[t_?sﬁﬁgél %;%%ec(iﬁé% Qe SBABLR1ROM: thihvideh steysemayi tegwhpled at ed her ei n
e shaped a

by reference. rticles of_ the pr&s&_?t |n¥ent£nonr11 l‘gﬁve very | ow or
no t enderis ihe oldiog stdmatkagmg atacess dpwTibgst PR PR PPEHPRE MBI d.” Di stortion
has been an. | nher.ghls 1BhoRLAR rfindBk fadaatiitohatiof donmdmpiosmifaldct | onal i zed
prepol ym&Py ch have a

I'gh nolecular 15 vveight. The (g@a?vsegnce of
pr epp:c yngfapﬁ‘a:a,i in@ehmgithagemdlé@ml%dﬁ_ﬁfé%ﬂf’%sewle o 528 mo) Vet he range;s1
specified | n tne 0 : oBPAR thediks] Piicéssdsandtoatingti me to t he
funct i ondFY%ﬂ%?lg%gﬁ@ﬁgé#?%ﬁohpﬁgSri ng i he sés%s%’? q“g used by the
unr el axedondpositionsaiadistiosed @ of Hok atentp . 1,952 331008 D z At wor k. Upon
removal f e t S tli,5d PO 98/8€0,398), sbidharet i cl e so t hat
[ ta e FE S o SBTF 5 WpmRaas

er ue' replica of the nold. 20 The crosslinkabl e
pr epol ymemsorpérate Berpindg eeferenaevent i on have short rel axation tines, which

el inminates distortio L0 in SIS Ree Re% 2ot Maeddenen té hy dr ogel "
nmeans a hydratslfgﬁ S%@S@%‘%é?%g%gﬂ%ﬁe%nelﬁ C ' sys_te%&t hat glg]g%ggns water in an

equi | i br i gBosioahfterbemgdengetl Somyihd mald| Pissriorhas heqq an BPYUeH g

bi oconpati bl e, making. th ' &rs dfhiehtheve AHigdncleaidar25

bi omedi can‘B%‘G?‘g’gEd%tqgfanﬁleﬁ%og% [ %ﬁg&*@gﬁ?@%@ or int rgog.ljfg? enses. In the
presens appigh ati@resaick ofmbmiyhechaies ghing mekesulpbVHENHKBGE 8¥48Y as ot ecul ar

wei ghts determ ned .hy,t el q Qe egioanhy td ®PC) anal ysi s
(al so cal Fh?dangg‘f%’8‘“%1’13@?%%56@?%6%%19 gﬁﬁ?f") usi}r‘lrg‘et he rreﬁ%iod devel oped by

K. A ndal fgétiédagzddipsepolybiet.i Dirilg dueihg thetstipssescausod RIHICRIIRAHANE K., Absol ute

Mol ar Mass. Distrjbuti.on 30 Determ ' eRvaPioisé MBldGhesenat ogr aphy.
Synt hesi s ch#nsass logkgdNpP J° %%ggdyﬁeg%ﬂvﬁgt Pg%rﬁllgol ;r/rrer s. Char actéelri zation of

the Mol ar ohass diisit the Bioldeoartiole sPélayitshapdjisinabopest yme FplifRehiA ) py Size

5)3(, ;: :) g %ﬁgg T%h@;y%%%h 1yvgmetrsh oicf‘géj lg)rles%gt i%ntiéH%%I kil Elatdek ime§QULE 26) WO

which eliminates distortion upon molding.
As used herein the term “hydrogel” means a hydrated crosslinked polymeric

system that contains water in an equilibrium state. Hydrogels typically are oxygen
permeable and biocompatible, making them preferential materials for producing

75  biomedical devices and in particular contact or intraocular lenses.

In the present application all molecular weights are to be understood as molecular
weights determined by the gel permeation chromatography (GPC) analysis (also called
Size Exclusion Chromatography ) using the method developeq by K. Almdal of the Risg
National Laboratories, Denmark (Almdal, K., Absolute Molar Mass Distribution
30  Determination by Size Exclusion Chromatography. Synthesis of Narrow Molar Mass
Distribution Polymers. Characterization of the Molar Mass Distribution of Poly(2-
Hydroxyethyl Methacrylate) by Size Exclusion Chromatography with Coupled
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Refractive Index and Low Angl e Laser Light Scattering Detection.

Ri so-M 2787(v.1) (1989) 141 p). In this nmethod a range of polyethyl ene

gl ycol s awo opotyer hyl ene oxides with well defined nol eculpam/used/gisss are
used in the calibration of the equi pnent. These standards 5 used for

p- HEMA give nore accurate values for peak nolecular wt and Pd than previous

net hods devedtapet Thedx A8 stmmgreq:algma@t Q&Wﬁiﬁg’ﬁetec-ﬂaﬁ H&-Rothsh&.19escri bed

bel ow. Mol ecul ar_wei ght may be neasured as follows. The SEC equi pnent is
conposed df%%)dt Bhm oven at 40C, a PE LC-4 10 punp with PE Nel son 900A/ D

and a series 200G, thidth@BH I aRge of Fb@et_?ﬁ&%}f&)ls‘ and ﬁol?éth%fe@ildleg &tci)lgweﬁ-o The

col umm conbi nati on consists of two col utms from TosoHaas G4000PW

+ G2500PW defigedmelgeia cesiahthire vsrd indhe ealibration pftheednipmentrdhese ﬁfemdavéét er (75/25
wt/w)  and Reld s heEMA gRR nidid a&@ﬂte%u@“o?ﬁéa@%cﬁ%ﬁ Wt andP then \Pév'i(ﬁi%e is 0.5

mL/ m nut e. ThEII’(lj]ectIOI’l volune is gL and the run tine
mi nut es. THEetheds; BYeé‘iHe@)fPr@IPFQ/@’dF%’h@b‘f aqust@%rs\/memth?ﬁmde@wﬂ@@ bfﬂ@‘@r eSSI on

using PEG and PE@jedifar R@%Btﬂ@&%a@tﬁed"@s‘fgﬁﬁv% RBYEAY i Iﬂgﬂt%ﬁfgﬁ'%gseﬁo 194 as
standard references. These polyner standards are Eurc ased from Poly

Labor at or i e acABMnQype#tdp° CFVRPE L(&419 g WighPIk Nelso 1) ansby ?cenmmom 0100
PEO- 10 par 14y mH80 TH &ldctor AddEdM&Lk By@pdar d ref erence PEG of Peak

nol ecul ar wei ght” of 194 gives a flow signal at a well- defined position,
whi ch i ¥ used adhapolpmp eprpbinatiop sersistspf ovo THKatel emumesi fram Tangbeas NaCl

plays, the SaBodrRW & BBEIBVY SR 13uQEREn f 1 xati on point. Peak integrations

are manual Iy made. Integration start and end points are manually

det ermi ned fr omT$f ghptiicmstde Vﬂﬂ*fm@hi’@ﬁ]c‘éat@frﬁéﬂzﬁ)b’dwt)tﬁaé&Ju&ﬁ@i toB@sMt reports
give 25 Mo chltide yVvpeak. in PEG PEO units. Related values in HEMA
units are calculated Tromthe standard report with the foll ow ng

mat hemat i cal f udbe flow rate OENAEMOmite. IBL #fcTi8bUdlime isNSPEGAREDe Tilnaimenj ect i on
sol uti oBs %E@O%ﬁn%?e@r ed with nethanol-water 75/25 wt/wt adjusted to 30 60
mV NaCl grve a polymer concentration of 2mg/nL. Tetraethyl ene glycol is
added to the s dip badibration cwresis ebtainad wish thikd oidenm’grdsswmusﬁrgdmmhﬂP@O/e a peak

A I i T e LS
03/ 077792 R@]Sfmﬂsﬁt@ﬁ@&%aﬁa purchased from Polymer Laboratories Inc, Amherst MA.
(Calibration kits PEG-10 part No 2070-0100; PEO-10 part No 2080-0101). Added
20  standard reference PEG of Peak molecular weight of 194 gives a flow signal at a well-
defined position, which is used as an internal standard or fixation point. Added NaCl
plays the same role and gives a second fixation point.
Peak integrations are manually made. Integration start and end points are
manually determined from significant difference on global baseline. Result reports give
25 Mz, Mw, Mn, and Mpeak. in PEG/PEO units. Related values in HEMA units are
calculated from the standard report with the following mathematical function:

*
MHEMA= 10. 1,362+0,7854*log M,PEG/PEO

The injection solutions are prepared with methanol-water 75/25 wt/wt adjusted to
30 60 mM NaCl to give a polymer concentration of 2mg/mL. Tetraethylene glycol is added
to the sample in a concentration of 1 mg/ml in order to give a peak flow reference. The

solutions are filtered on 0.5um disposable filters before the injection is performed.
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In the present invention polydispersity, Pd of a polyner sanple is defined
as Pd = MW/ M The peak nol ecul ar weight M is the nol ecul ar wei ght of the
hi ghest pwealosjorr7phe nol ecul ar wei ght distribution curve. Pog/useneisbe
properties (elongation and tensile nodulus) are neasured using the 5
crosshead of a ?or?%t ant rate of novenent type tensile testing machine

equi pped with a ™ {ISREPSTR mventipnipolydispessikyy Bdjoftapolyimest ppintié mlucyauge hei ght. A
sui tabl e testingdsaghiMe THa ] . - bone shaped
sanpl e having a O. 5_2\2 Ii“nﬁ'ch lﬁ)&ﬂﬁ?«%ﬁcflga??%%ﬁ{W&}ﬂ?%giregﬂiﬁ%ﬁgﬂtﬁgo_ 213 inch
"neck" wi dtiiehest negjaidie meleqylar pesigt diggbution cevengat ed at a constant rate of
strain of 2 in/ mMuBiensiRtordpel Lt t.h of the sanple
10 (Lo) _.and sanpl e Iengtrk? g{es Eelrwe?lgélztﬁ,(nIfl;EE égérlgrﬁn%dgigﬁgag%%#ﬁ%?\%%n‘%%gci nmens of
each compo<STssisad af econpiantsate of menemenidypaensily tesiing mashine equppePavithant

el ongati on 1édd ool tabls lowde b biRliicddngo TR | £ ofTDHMMEd SaTERSHASH L Lhe
initial linear portion of the stress%st aln curve. e Vi sco%‘f §/ IS

measur ed uPARTAn Heduld 13 A doe-tene s'sved senpiuivinged. SRR tikehdength, 612k e

ci rcul at i ofndpateht ¥idih bRIPENALM Ge&OWidiR}d 181ded E{P&th% Bgﬁé 5 e@@a‘f‘éﬁt Ly is

measured by conducting a frequency sweep starting ﬁg down to
1 mHz and GprsiRFhrate efstrain of Hin/mig; wnitil i §reaks. Ihe initpl gmuge dangpharf tidaaaple,

repeat ipg hin | | L Qne ri od between each
measur emsn? E@Thtelgﬁrr%g?&?%ﬂr}tgmrgﬁé? q%éﬂ%g%?%gﬁg%&%@nﬂ% “‘Uing a parallel

pl at e geonEPMRoSHRiaFneasped and the aneesge fs repudted Perdentreivgatio?i®=gilfe (sanpl e

t hi ckness) poyhbihogor responds to a sanple volume of ca. 0.22 nmL. Wth
reference to Cox-Mertz rule (John Ferry, Visco-elastic properties

of pol yi ners, 3" densti¢ mpdiHus is Me@urpdathp initidd GheaCporfiomyf, thd @RE/raintchirer eport ed
vi scosity numnbe dohsil : e ue,. of the conplex viscosity
(rj ). The rel agge{‘iylé)%mk}ﬁ?r&@?sgle%%%% glgékﬁgfsﬁa(y?‘h%opsﬁgs‘ﬁfgm% fﬁng‘ 4RheoSt r ess
descri Béd Hrakegisylationhath mid teppsraghe amtrollere The afmpl@OviRasityi@edsateaxat i on ti me

i's obtai negy byndalL " ist the freguency, ich will cross
each other at & _ct?%tsasﬁkg?/egf Y f‘rg% Ggﬁ‘é‘ég@‘dﬁﬁﬁ go@ﬁgﬁwﬁawavﬁ% ﬁ%\‘i’\{r‘]pégg’ﬁ?to at
frequenci e40 Bal mioking umtifr@uei@ies pbr deraigrepaiinseaab vquehey ke time€dr@xat i on ti me

=1/f. The | Iy f iLonalization is determ ned by hydrolysis of
the pr oducl?vg ﬁ%{g og%%glto ﬁget&g ne%églf %8"1 Slrlrrrgfnl‘:i%{‘t:tr'llylﬂ3 frgasyremgnis arefepeeted @t usi ng” HPLC.,
Hydr ol ysi s284pl°Esusinge papillelysate geohreoyrhalinga2t mmafiaridier an@h bameh bgp Sol uti on

and 1 : ysis_ is.driven at roogmtenperature for 12
hour s g%} {\lg’gl;‘s.;mﬁj%ﬁan‘g‘?%g{@ St pondd 14 8 taitipleslurts €k OAIFEL S HH T (RULE 26)

reference to Cox-Mertz rule (John Ferry, Visco-elastic properties of polymers, 3" edition,

McGraw-Hill Book Company, 1980.), the reported viscosity number (n) is the low
frequency value of the complex viscosity (n *).
The relaxation time is measured using the Haake RS100 RheoStress described
25  above and using a shear stress of 400 Pa. The relaxation time is obtained by plotting G'
and G" against the frequency, which will cross each other at a cross over frequency f, in
such a way that G”>G’ at frequencies below fand G’>G” at frequencies above f. The
relaxation time =1/f.
The actual degree of functionalization is determined by hydrolysis of the product
30 and the liberated methacrylic acid is detected using HPLC. Hydrolysis samples are
prepared from aliquots of the methanolic solution and 1 mL NaOH 1M. The hydrolysis

is driven at room temperature for 12 hours at least. The methacrylic acid amount
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WO 03/ 077792 PCT/ US03/ 06835 detected is conpared to the amount of dry

pol ynmer contained in the sanple to give the actual degree of

functi onawoaaniom Specifically, the HPLC equi prent consi CI/UshH3/@686D1 um
oven at 25C, a Merck L6000 punp, and a Perkin El nmer LC290 UV detector. The
colum conbination is 5 conposed of a Merck RP18 colum (125nmm 4mm) and a
Guar dcol un&:tec@ﬁ@s Ma&e@ 10 iR 3ol o@-@ry%@h@f‘b&ftdlﬁe@“lm%@imﬁﬁ 1 diveahd3/-% wt / wt )
adjusted to pH 2 with trifluoroacetic acid. The flowrate is fixed to 1
mL/ mi nut e WWW%Q?MFP@HZ%PUWB is 10 L. The detection is carried out

at a wavel engt hyofi &3, MEHPLARqE: ﬁl&t%&%@ﬂalc@mm&ﬂm at?8°d, 2 Meréi NUt es.
Series of calibrators’are generated fromdil uted solutions of nethacrylic

aci d i n nobfQ08 pprasmd aPeddmBlarer FG2I0JAY detagipithercemusoppinotionis m  The
injection soluk éiod?%L@ér@kﬁ%ﬁ%&é%@ﬁn}%&’ﬁ@dﬁbémﬁﬁﬁm es diluted with

nobi | e phase "an e solutions are ltered on 13 mm G X
0, 451i m WWhat reFhe niabile phase isen geeionitle-yaprapixiugm(l{%vine pdpsietto PES-SThe

fol l ow ng %ﬁﬁlgﬂi Ba0Ric0, TrieHdw 1hfRgs HBMGHT bl AmintlRGY%d e CnibBRRALoIRRLY T O
suggest a net od of practicing the invention. Those know edgeable in the
field of w®mdfitdect | enses as well as other speci aIt| es may find other

met hods of pr acfhe%e{%gtfc;ntqg catﬁgﬁl Sof 51! a%avefé%ﬁxg%ol .1 g @gﬁtl(glrtﬁnéj eened to

be within the scope I's’invention vi ations are used
i Nt helexais misutes. 28bridé Waﬁbrﬁtorsaz@gms@@d ﬁenﬂ@lhwdisqlnmnspf mbﬂa;lcryliDABCO

}\Ir il\l-eleih?lrle'?ﬂ% ?iﬁﬁn%b c?gggéfgl\l%%a Onra%{ 1y%n}rsrglg)p§‘§1%§h8§ EOH et hanol QGVA

gl ycerol net haCTheImybﬁmnHEhMoxﬁ-aWenareﬂétohyﬂhe hptrbizisis saples dilhtBdwizh pr opanol 30
anhy(r:inrs;[ QZC kée aci d Q%%?Eﬁwaﬁ%ﬁ QXAns are ﬁq{ere(a on 15 mnll_lGB%(Ia,%gﬂ%l ic acid
Whatmann filters before the injection is performed.

15 The following examples do not limit the invention. They are meant only to
suggest a method of practicing the invention. Those knowledgeable in the field of
contact lenses as well as other specialties may find other methods of practicing the
invention. However, those methods are deemed to be within the scope of this invention.

The following abbreviations are used in the examples.

20
AIBM 2,2'-azobis(2-methylbutyronitrile)

DABCO triethylene diamine
DMAP N, N-dimethylaminopyridine
DMF N,N-dimethylformamide

25 DMSO dimethyl sulphoxide
EOH ethanol
GMA glycerol methacrylate
HEMA 2-hydroxyethyl methacrylate
IPA 2-propanol

30 MAA methacrylic acid
MAACI methacryloyl chloride
MAAH methacrylic acid anhydride
NMP 1-methyl-2-pyrrolidone
PEG polyethylene glycol

35 p(TMS-HEMA) poly(trimethylsilyloxyethyl-methacrylate)

Py pyridine
TEA triethylamine
TMS-HEMA trimethylsilyloxyethyl-methacrylate
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PEG pol yet hyl ene gl ycol 35 p(TMs- HEMA)

poly(trinmethylsilyl oxyethyl-nethacrylate) Py pyridine TEA triethylam ne
TVS- HEVA woioamt1iyl si | yl oxyet hyl - met hacryl ate 27 SUBSTI TUPETSHEET6S86RULE 26)
WO 03/ 077792 PCT/ US03/ 06835 TEG tetraethylene glycol Exanple 1 5 1911.6 ¢
et hanol, 1056.6 g HEMA nononer, 3.00 g dodecyl ngicaptan, and 21.00 g

nmet hacryl i crEaei d were bl Q&Q@dlygﬁe@%1 The m xt ure “was pour ed ‘irnto-a 5-liter
stainless steel reactor with a three-blade stirrer, tenperature control and
a jacket for cooling and heating. The m xture was heated to 68C, and 7.50

g 2,2' - azohiyg 1en§t hyI butyronitrile) 10 (AMEN) was added. The AMBN
di ssol ved rapi and the reactor was blanketed with a slow stream of
ni trogen. The té et aethanol 1420 hg HEMA mee@n?ro% 0Q8d?ﬂse¥1§nqr@p@wﬁflet e

conver si on.1 Hog h&dehdit a%%ve?@ﬁérﬁgd &t%@’@CTl?er&HlxKﬁ%a@ﬁouI-eﬁ'lﬁoEQW&V ature for
22 hours to destroy residual initiator and nercaptan. After cooling to

r oom t enpersteinless stael seatior with gakyespladeohtizgn temmgragus cantrobandadacketderer mi ned by

evaporatio t %5{; tas4 "™m Hg for 24 15 hours. Solid content = 37.2% M =
76. 6 kDa|t%ﬁ@l“|§g? %WE " The pol y- HEMA sol ution was diluted with ethanol to
give a 10% sol uth@rm)mire Wp@he;atddM°Cna@thm2 2'-a12hla'S(§aﬂlqnh}ilb3Wrbén:iénie turbid at

o stany st Mo s EImER) dived RS Sud e FOERRAMIRBANAE" 0t ot

se alr a e% into two
cl ear phasekw st%&thembm amamewaﬁewsemﬂ ﬁtﬁett: ﬁmds amai tpz:edlpleteTabl e 2
Fraction Amount Solid M P D Vol . % w kDalton Top 80_8.6 64.0 2.8
Bot t om 20 F8NYSISiof T@egéﬁct%aﬁ*?fétesmoo%aflﬁi kent Al ‘SF‘?“&pﬁf%“He FAr Gh hoRss Wcul ar

wei ght pol yRRfoyWestdud] mRHRARE 88 FPmercaptan. After cooling to room temperature a sample
was withdrawn and solid content determined by evaporation at 125°C, 3-4 mm Hg for 24
15 hours. Solid content = 37.2%. Mp = 76.6 kDalton, Pd = 3.75.

The poly-HEMA solution was diluted with ethanol to give a 10% solution of
poly-HEMA in ethanol. The solution became turbid at 24°C. The solution was heated to
40°C to make it homogenous and then allowed to stand at about 21°C.

After three days the solution had separated into two clear phases.

2 The two phases were separated and analyzed:
Table 2
Fraction Amount | Solid Mp Pd
ID Vol. % w% kDalton
Top 80 8.6 64.0 2.8
Bottom 20 15.6 144 3.34

25

The bottom fraction rich in high molecular weight polymer was discharged.
The top fraction was isolated and set at 8°C for further fractionation. After 24
hours the solution had separated into two phases. The top fraction constituted 85% by
30 volume of the total and contained 2.5 ww% poly-HEMA. The bottom phase constituted
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The top fraction was isolated and set at 8C for further fractionation.
After 24 hours the solution had separated into two phases. The top

fracti on wonsiitat ed 85% by 30 vol une of the total and comCaIUses 06335 Wb
pol y- HEMA. The bottom phase constituted 28 SUBSTI TUTE SHEET (RULE 26) WO
03/ 077792 PCT/ US03/06835 Fii 15% vol. of the total solution and contai ned

35. 7 Wb pobyvoEM the Moal 8SiuBoridaalchb@iine d5h. Fwwslsbly-THRMA. ML 8 Bhaliéas | sol at ed

for functiognalization. 5 Exanp|e 2 HEMA nmonopmer (with an inpurity |evel

| ower t han P8 =8obSp iz raction vas slafedrien funchigralizatiosd with tri et hyl amine (299. 5%
pure, from Fluka) and petrol ether (bp 40-60C) passed through al um num
oxide and reacted with trinethyl chlorosilane (299.0% pure, fromFluka) to
obtain sri mghRpled | yl oxyet hyl -nethacryl ate (TMsS-HEMA). TMS- HEMA 10 was
purified by distillation from cal ci unhydride once() and triethylal um num
(el ectronic grEEMA merowmen(With apptyjlcve) lowstiaan 8% purchassd frem VG- HEMA
was car i edqhieh yihiferkAhine P00Is5Gpuke, rofDhika) Gl (i (B 4c-gtBE) using 1. 1
-di phenyl hexyl lTithitumas initiator and resulfed in a quantitative yield.
The pol ymepissed thonghwalyminamxidgtand rdagtediwith tiseathyhrellprapilane CPAO%Bre0l yner was

isolated b i the . it 4 i i [yrﬁtrpl-
met hacryl a?gﬁqg?@?g-dlﬁ%{iﬁ%&g %fgg%é%ggggg&%¥e @gﬁsz%f tﬁ%h?%% yme‘br( had a
peak nmiPecwaapurifisd §idistlatdg iom deleiupgiyiride(dnes) arplarigthylelpminsint (glectfonic. 6.

Exanpl e 3 | 176,5 g HEMA nonomer, and 3,60 g nethacrylic
acid (MAA) Q&é%ﬁ@gﬁ%}ggﬁ%@.ﬁc The m xture was poured into a 3-liter

gl ass react or wlhepolynsarizaticarof TMSeHBMAawvasrcarricd nutrin THA{ebsapyriagket for cool i ng
and heatin 6T t : . added. The
AVEN i soa At A Eing R b Mt toiis byl fRENeATER CUCT cam
of ni t r ogenuarifikive Yigldt dhppolpnenzetiomsasteinatad byRiEgzdsend nkfhanoliTe t 0 conpl et e
conver skon i . t : . ( | ution was

i1 ut ed>wi PR BPRERERTET S, Lok A AR bR R Cf hanol - The
Mp was 70 hidthacmtlakR) p(¥MS-BIEBBA)Ie b darge dxcassbf watert i on.  After addition of 2%

hexane the ol ui. s nd ShakthRLL M vl Gou] R ORIIRE o Voo fracti onat ed

polydispersity of 1.6.

Example 3
20 1619 g ethanol, 176,5 g HEMA monomer, and 3,60 g methacrylic acid (MAA)

were blended at 25°C. The mixture was poured into a 3-liter glass reactor with a stirrer,
temperature control and a jacket for cooling and heating,.

The mixture was heated to 68°C, and 1.26 g AMBN was added. The AMBN
dissolved rapidly, and the reactor was blanketed with a slow stream of nitrogen. The

25  temperature was held at 68°C for 20 hours to complete conversion. After cooling to

room temperature the polymer solution was diluted with ethanol to give a 10% solution
of poly-HEMA in ethanol. The Mp was 70 kD and Pd was 3.33 before fractionation.
After addition of 2% hexane the solution had a cloud point of 31°C.

The polymer was fractionated in Example 10.
30
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30 29 SUBSTI TUTE SHEET (RULE 26) WD 03/077792 PCT/ US03/ 06835 Exanple 4
F." - o~ . -- - 1625 g ethanol, 108.4 g HEMA nononer, and 72.8 ¢
gl ycerol WBtOh/atmyi ate were blended at 25C. The nixture vvasTmsus/msss nto a
3-liter glass reactor with a stirrer, tenperature control and a jacket for
cooling and heating. 5 The m xture was heated to g4C, and 1.29 g AMBN was
added, andgih@yfgactor was blanketed with a sl owseream-of nitrogem. The

tenmperature WaSldi@' gQhol /8 4 %HEI?']Q mbRAHes, ah@7§9§%iﬁ&‘é‘1 xﬁ&ﬂé’&ﬁ&b Qe Af ter
cooling to roomterrperature the pol ymer sol uti on luted with ethanol

to give a bdBodedal U CoThomiguleywas ppuvid inte-aQviifer gl@ﬁseqahmnwithastim Mp was 56 kD
and Pd vvasnegrt %g rél'pogltrgpinata %ﬂ?g'g%d“’%@a?‘u%#‘q‘gm of 35C and was 10 al | owed

to fractio ction was siphoned off and the
bottom fracti onThNamxuhnswarhéeidd toTM°tE,hmdtlap gfAMBNIveas advded, addiede®¥6rhept ane.

Thi s gave a paint .of 49C _After ree days at w top fraction

Tt o g B skt ia ot e, ST PRRRb G A SR AR of | ¢ he

gg Ik %I nalOI pﬂl;%fﬂﬁ)rcoiﬂ@&td @atadiad, Amdoolm@@o minytm;serms tHeGioRgher Solitayne a Mp of
an a

1. This pol ymer tlonallze i n Exanmple 21.
Exanpl es 5Y8s @?%Wlﬂmtmwgaie.a&ﬂ/wsg@ewe@%r% pré thagpleat ed at
di fferent teONQNAHsYERD andPd s, 9§'”ﬁl§bsbi&ﬁo§ﬁ‘idVaedT'6u%p%H1@m5°@ af@Rhe 3, Dbel ow
The results aré given in Table 3 and show that by using this method a good

cont r ol10of aheyedde fragtionsst & days abB3°4). ridd topTizdstien BasmiphopedpindBey vent I\/p ( kD)
Pd 5 82 2 J 8 I 9, 50
72 £t hano "8 Aoy Vi 1y iop el hiach o nchighd BANPA PO
sol ution plcbpdlpﬁnlt af A9 X akfitdr ¢hre dwsath?@%ﬂ? edew tbpéfﬁehd:rdladﬁémwd and Wsnogenous and
then all O\Aﬁlscar(?eds got?om 12rac?on con 1n1ng kéy’/e 09 he gnélga po ylnlé; Wi kso e?tgd, a1:1)’<9

the polymer was found to have a Mp of 66kD and a Pd of 2.1. This polymer was

15  functionalized in Example 21.

Examples 5-9
The polymerization reaction of Example 3 was repeated at different temperatures

20  and using the solvents shown in Table 3, below. The results are given in Table 3 and

show that by using this method a good control of molecular weight is obtained.

Table 3
Ex. #|T (°C) Solvent Mp (kD) Pd
5 82 2-propanol 35 34
6 78 2-propanol 40 34
7 74 Ethanol 50 2.6
8 72 Ethanol 60 3.6
9 68 Ethanol 70 j 33

25 Example 10
800g of the solution prepared in Example 3 was heated to 40°C to make it
homogenous and then allowed to stand at 28°C. After five days the solution had

30

SUBSTITUTE SHEET (RULE 26)



SUBSTI TUTE SHEET (RULE 26) WO 03/ 077792 PCT/ US03/ 06835 separated into two
cl ear phases. The top phase containing 77.1 % of the polynmer was siphoned
of f and twe obot17ezn phase was di scarded. The anmpunt of hex®oe&/usn3/0d385t op
phase was adjusted to 7% which resulted in a cloud point of 54C. The
sol ution was heated to 57C to make it honpgenous and then 5 allowed to

stand at Zg%are(ﬁgdtlﬁﬁ w8 Hl@arqf'ﬂXés the téﬁ)ﬁlﬁgé Qealtash ’?ﬁp/@ bPhe olyﬁEIOWJSV\D cl ear

phases. The ‘top phase containing t | ow nol ecul ar wei ght fraction of the
pol yrer vva§1ph@169ﬁffﬁéélt}@fbpﬁ%cﬁh&tshé/ab@ﬂta&?ﬂphase was given a third

fractionation. Jfy S,dunlBr Hellfne HEE phséa%ea&naédmmlea%gaﬁ&ﬁqato 8% and
the solution was allowed to stand four cfa s at C. The top phase

cont ai ni ng ctoué poioie{rpdfecliesolufien qhﬁ hefateém §64a t@makmhqugyw apghther1 0 si phoned

of f and .t he S ionalization.
The °reul BUOGP Rind 2 R BT RPTREAHRn bIP SRR 4R wldH 7201 75 M
Dal t on M Kphiskd. Orhelfsb pHasd sontininythé ke;dnﬁ&ecmhr&e&ﬁt frmlbiEMthEp(ﬂyrhemmt ed p- 97

76 1.51 HE a repared as
in Exanpl e Nﬁ\%fﬁg %ngﬁgi’toﬁ?}ﬂ%%(ﬁ “é%g‘a%%%ﬁfﬁg‘a&l"ﬂat&‘a%% S Mt éA@"I}ﬁ%rparmunt of
MAA in the caﬁuantfdhaﬁfwla@ﬁkﬁﬁﬁd to 8vichnfl tieGbut o aschlloetd toi seind fa Fowddagrati ned as
descri bed |n LSO st an 3682 1 83 ( , _and_s.sh in Table 5, bel ow
Table 5 Mw3PK )TIWOPP %‘Wﬁﬁ‘ FP?E%%‘%%@M”@@“PS\{@P@ TH3S  HEMVA
Fracti gpat @phéhedd7t ahf the- p%ﬂynﬂer& thé 6O haselwas Wbl for fibctiohiizAtidoRohd 26)

results of the fractionation are shown in Table 4, below.

Table 4
My K Dalton |{M, K Dalton |Pd

Unfractionated |98 70 3.33
p-HEMA

Fractionated p- |97 76 1.51
HEMA ‘

15
Example 11

A poly-HEMA with nominal 2% MAA was prepared as in Example 3 and
20 fractionated as described in Example 10. The amount of MAA in the non-fractionated
and fractionated material was determined as described in ISO standard (3682-1983 (E)),

and is shown in Table 5, below.

Table 5
Mw (kD) M, (kD) Pd % MAA

Unfractionated |98 70 3.33 1.8
p-HEMA

Fractionated p- |97 76 1.51 1.8
HEMA

25
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WO 03/ 077792 PCT/ US03/ 06835 The MAA content in the non-fractionated
copolyner is equal to the MAA content found in the fractionated copol yner.
Thi s showotohat77vhe fracti onati on process separates the [poTyuses/0dsys

nol ecul ar wei ght only and not by conposition. 5 Exanple 12 9.09g of the
pol y-HEVA formed and isolated in Exanple 2 was dgj:ed by evaporation at

125C, 3 midavAArcodtntia ltHeSloﬂJTﬁctﬁdith@d EopsBaley i%daqtﬂal téthe GIKA vanent fgnd n
pyridine to make a 10%W/W soI he spol uti an was cool e tn an ice bath

and 400L BthsiEacHaRatsd copelymen isd‘ OVKSCtB?tF Aefag™ BroPsP g™ 5Ge degree of

est er fi cat jdym&foy ndBdulal ReigBy 1B Und @bt HyltemEbbigmoups in the pol y- HEMA) was
added. The nmjor part of the pyridine was then renoved under vacuum at

25-30C, and the functionalized copolymer was contacted wi th deionized
water to dtmlggzresi dual pyridine and other |ow nol ecular weight

materials. The water was decant ed, an e _washin until there was
no resi dual pyAQ98ioh the eyl TEMH f@“‘&’lﬁdtaﬁ Hlaﬁéll_@’?ﬁ’?eeiﬁvgsl%‘éﬂ?é functional i zed
pol ymer A@cixpit 1§é’>ck§>nﬁ’:{‘ﬁ %or P9 n6irs dndBhen 38104 By dhiddAmHg iRT anhydr ous
1- net hyI ro |done MP) (water <0.01% was added to a total of 13.6g

of dry p( I—BM&H@GO wmaky a i(?%_» i/ \Eselntigne The selpfioatvas seplediasn ipeibath and4Qder vacuum
for 12 hougfsm&fxacgﬁ%chlgﬁ& {)ﬁ@&g&faﬂlgf al A& Wuk Iaeﬁ'eém%iﬂcﬁtlo%tdf bR was kept

under a dry nitr at nos A72% Sol ution of nethacrylic acid

anhydr l¢le Petént ofthfaﬁﬁym‘omasn fhr/poly HEMA hvas addg I hewiaies pasiakthepaidinedr op wi se
over a 2- 3 m te I ng] £S8) was added
and the flas tﬂg%rﬁp'%g &Qer Vaglmn?#}é?ggﬁ rag(\1/\/?1“9 Fugétslﬁa}lﬁ%nggﬁ 35C for

hours. 25 Ediﬂctedmfhrchtowzed watsr idelissdasesidiabp iiheaand oth@Olowimalécubdei oni sed

vater was d‘lelggedq\fr-ll;gﬁi Iég\% er S‘Y%Sa eftc!m ed ancf%y rggSh\ﬂ% I'CISCQEH uH@HECSQ W!l O 400nL

aqueous H eroni se nduci ng
i nst ant anewsﬂuqlrp@ﬁdlﬁe tadctabie. wilf andifP1.Q dysteqpr eci pitate had been rinsed with

water, (Lt was ed1n10n1_o h precipitation was
nmade vv|1$h 1L of ’é ﬁeﬂldedl—ﬁﬂ Ihzél @’;’ ?%k]c %@ecllg%%ﬁr?e was 30 soaked in an
extra litre of water for several hours to renove any renai ning acid.

Final |y thespaprilpi tate was dissolved in nmethanol to give a clear solution.

32, SUBSTITUTE 1%'(_)"% Toé aﬁ%ﬁo%ﬁl)-mé’%? Ql’élyqjo 13(%% (IGW) l(Jwa er Q)G(ﬁ% waEX&HZH le 14
to a total of 13.6g of dry p(HEMA-co-MAA) from Example 1, which had been dried

20  under vacuum for 12 hours at 100°C. The reaction flask with a magnetic stirrer was kept
under a dry nitrogen atmosphere. A 2% solution of methacrylic acid anhydride 94% in
anhydrous NMP (24.7 mL, 0,003 moles) was added drop wise over a 2-3 minute peridd.
Triethylamine (0.45 mL, b.003 moles) was added, and the flask content was then heated,
while stirring, to 35°C for 48 hours.

25 The temperature was decreased to 25°C and 200 mL of deionised water was
added. The crude reaction mixture was then poured into 400mL aqueous HCl (0.1M
pH=1.5). 4L of deionised water was added inducing instantaneous precipitation. After
the precipitate had been rinsed with water, it was dissolved in 100mL of ethanol. A
second precipitation was made with 1L of water and HCl (pH¥1 .5). The precipitate was

30  soaked in an extra litre of water for several hours to remove any remaining acid.

Finally the precipitate was dissolved in methanol to give a clear solution.

32.
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4.38 grans of an unfractionated HEMA- MAA copol yner was dried by
evaporation at 125C, 3 mm Hg for 24 hours and then dissolved in DW

(99+% 0, wOM309%679H20) to give a 20% w w sol uti on. To obt alPAQTAI$03/06835
esterification of approximately 3% of the 5 copolyner's hydroxyl groups,

1. 08mmol of nethacrylic anhydride (94% pure) was -mxed wwth 8 nL DMF, and
t hen added pxamplea4pol yrrer soI ution. Triethylanine  (1.08mmol, >99.5% pure

from Fl uka) was bse u added ure was allowed to react for
20 hours at 30(f1§§ af%@ﬁ?ﬂé&‘gﬂﬁ%%@@%%wﬂvd\é@m ng 2 nL of
water. G yepdpatatibd & 1@5-MasmBdtedr z%auﬂen@qieu dREolFdal ik DMIT(9bed0e®1%he DVF was
10 distilled off (30C, O.5nbar for hours). The functionalized copol yner

was cont acte®) Wiaite apier/y éplm%gpwewrwle&a%ﬁcampfaamxma#& 3 ehthsol ecul ar
vei ght  gat @hhdNrder’ sﬂ?@roﬂ@%p‘é\’aﬁom'&ﬁ%a&ﬂ@ Jnhf‘driﬁ@@h'%" refwpReat ed unti |

there were no traceS of egreeo functionalizati on was
det er ni ned mixedowttp8 miDMRpngtheajadded4q fhppolypgr sodution g Trigfadamigg| ded into a

hydrogel 1% y&hher tﬁ@saﬁguh@%msfrlmab das §u98e'e:ﬁiéﬁ IaedeEZThmlmlamW ng
mechani cal properfies were found: Mdul us: psi. HE onggatl on 12025. The

properties a&@\eedrtelr@t?i foe?qhquermst 3016 aftey Wlﬁ@éhﬂrﬁe%lopd/as stopres Aipdding 215 - 20
Pol y- HEMA pr:e alized
using t he%nLe zéjfdes}(':ére | W@adédl%&%%gwp&%ﬁg%b 1crllﬂﬁiit/%l)vgzﬂ)PoI - HEMVA
pr epar d@ asllsnﬁed&fﬁamﬂié)mlbmﬁ)rﬂﬂmuns) onat ed usi ng the met hod descri bed in
Exanpl e 10 and

e ctlona i zed usi d describ L.N.Exanpl e

o5 (Bxanpl o 17 Thpneisiael R Sk Foriet ol PSR kP g
fracti onat efd ather low-nidlealar @eightatatérishc Thowakbi mdlemtey, andifidAwvaskingg t he
nmet hods of Exa 2 and 61 t en the diluent. The
T scous soltRERGRuTHAR Rt 83 aae B BRI, 156 e et iRlie Al o 22 The
resul ts ar detshnivgd torbe Taod, andMpbad 00 kDG endlais2 8. WheBﬁhold&Uﬁﬁ)Td H’;lchEgeBHEET (RULE
26) V\D 3/ 0777 /USOS 06 MAA Fu nall ol yner Lens
o bper (1305 S RAo SRR HipmBl ZREtR P e BT A oRE e RS,

found Modulus: 11£2psi. Elongation 1204+25. The propertles are relatively poor due to

the high Pd.

20 Examples 15-20
Poly-HEMA prepared as in Example 1 (unfractionated) was functionalized using
the method described in Example 13 (Examples 15 and 16). Poly-HEMA prepared as in
Example 1 was fractionated using the method described in Example 10 and then
functionalized using the method described in Example 13 (Examples 17 and 18). Lenses
25  were made from the polymers from fractionated and un-fractionated functionalized poly-
HEMA using the methods of Example 22 and 61% w/w tetracthylene glycol as the
diluent. The viscous solutions were cured according to the methods of Example 22. The

results are shown in Table 6, below.

30 Table 6
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15 40 3.48 48 1.67 32 76 16 53 3.59 62 1.88 33 90 17 44 1.35 45 1.4 37
109 18 64 1.7 70 1.59 40 106 It can be seen that the nethod enpl oyed for
functi onawDaan?m can reduce the pol ydispersity to an accepraish®06sad ue.
Generally the washing step renoves the snmallest poly-HEMA nol ecul es. The
| ens properties indicate that a functionalized palsyners 5 having | ower

pol ydi sper sijtt+estosi} pett e BECELGHer PTOPET Ui €s.  Exanple R1 3. 22
grams of a GVA-H mﬁ%&@% ymer formed ahgﬂl:‘esro at ed RS ERREASFe 4 was dri ed
by evaporatijomExat 125 3 mm Hg Tor P4 hours armlodt hen gi,%?'%t\'é’ﬁd n DVF

ulus

(99+% 10 40.1 % I-'lng) 2@% W w ol ut | on.PdTo obt'ai,g an
esterificatijon off approximatlely 2.4 out of every 100 uynits,_ 0.74 | of

met hacryl i c |arfBydri49e (9398 pure4Bron Fl #fA) was 3Ai xed witKé6 mi| DMF, and
then added tlo #he il yie?f sol 82i on| Tif%t hyl amihe (0. 748wl >99. 5%
pure, from RLURa) wHs sub%equenttfy aflded4 o the §Alynar soldtion The
reaction m xtuBe |wé all d¥ed t 0 7Peact f &B2 201 hourt® at 130C 1%fter! which the
reaction 15 was stopped by adding 2 nL of water. 10 g of glycerol was added
to the pol ymer ' ofilihtiGtaRtdduéea3C, 0. Snbar for
2 hours). The f[tucﬁfgw%ehgp‘lagg%g%@ggPﬁ%%mf/\ggﬁgg{r??gga%ﬁgwth dei gni zed wat er
to di ssol ymlydispesithlialan BiEptabld veluh ebenewsily themeshingstergsmgras thasmstlesh| s.  Upon
cool i ng bel aw I At f: i | 4 P8 m eci pitated,
and the ac#@%%[gﬁ%ﬁég@l{v\%sq%legggrgh%}gﬁlhml\/g& gﬁ%lﬂlﬁv\cggng%%yed toewai ssol ve the

f unct i dnalliazied lqyer yotpdispeTiities displag bettst me¢hanicalipsapgities-at i on was found to be
2.3, which corresponds to 90% of the target value. The functionalized

pol ymer was di ssolved with tetraethylene glycol to nake a nolding solution
cont ai ni ngE3@ple?lv sol i ds using the nmethod of Exanple 22. Lenses were nade
as described i I I ' r NSeS e follow ng
mechani cal 25 g'rzgx&garq;gsiogé%%éﬁﬁﬁl%%qﬁgragcg%ﬂ?tlgﬁt of rI%%%‘;‘lgl\g/bdul us 181
psi . El ongated by ed:po2hién atd25°CSBBRGT HEWHE24$laiEE find Reh Bis@bed WOOBE/ (974,92

PCT/ USP3/ 068 oW/ . Exanple 22 RV ~.4 =X | ion of the
FENR- 2D ERSFORAP TR esein gl 68 spareiees idefich PPl oo Gy
0. 45nm Whagutefévefyi 100 @hitd, 0.7amsipl ofirgehaandic anhydddaniod % pure from Fluka) was

mixed with 6 mL DMF, and then added to the polymeric solution. Triethylamine

(0.74mmol, >99.5% pure, from Fluka) was subsequently added to the polymer solution.
The reaction mixture was allowed to react for 20 hours at 30°C, after which the reaction

15  was stopped by adding 2 mL of water. 10 g of glycerol was added to the polymer
solution before the DMF was distilled off (30°C, 0.5mbar for 2 hours).

The functionalized copolymer was contacted with deionized water to dissolve
residual DMF and other low molecular weight materials. Upon cooling below
approximately 5°C, the functionalized polymer precipitated, and the aqueous phase was

20 decanted. Methanol was added to dissolve the functionalized polymer. The degree of
functionalization was found to be 2.3, which corresponds to 90% of the target value. The
functionalized polymer was dissolved with tetraethylene glycol to make a molding
solution containing 39% w/w solids using the method of Example 22. Lenses were made
as described in Example 22. The resulting hydrogel lenses had the following mechanical

25  properties (at equilibrium water content of 65%) Modulus 18+1psi. Elongation 120+25%
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tetraet hyl ene glycol (99+% pure, from Fluka) to give a nolding solution
containing 39% 5 w w dry prepolyner, 60.5%tetraethylene glycol and 0.5%

w w Dar ocw0 0307392 phot oi niti ator was added. The bl end was PEITASA3/ 04895
applying a controlled vacuumto the syringe, the |low boiling solvents were
removed. The cylinder was centrifuged to bring | the solution down into
the outl etggifhe e barrel was inserted into theveyldnder =and pushed down

until it was in contact with the nolding soluytion while keepi t enporary
10 passage for Thpgelyion @@GM@M °§§9lyrﬂagmgbﬁ}fa§fprlﬁ %gw q%nm[}g? I ng

sol uti on Vesual 2886 GD/A 0.45mt WHamAAR fiRerdo 6 Syttnge biddixkdwitk was applied to
the barrel and about 50 of the soif tian \/va]g1 dos]glgl inc%;}?aiﬁig% opwer part
of a cont detraefhylese glyrd (Ffderys g Pl Qﬁﬁ%ﬁﬁ?a‘f‘ﬂ &SR OhY o the nol d was

put in Pl ags @PPrebISmBD bol syRsuRigRacgIae ald B Par/vDateuel 118l d t oget Iher L or
ace on

5 seconds by application of a 10 kg load._ 15 The clo nol d

a conveyorphewinitigterivasgded. Fhe Blend W%Sﬁa“?‘ﬂ@Ynﬁﬂpylng&a?gﬁﬁije&ﬁ’a‘é‘ﬁumﬁ%ﬁ‘?egh
intensity dMndatm 16w esEREsARniTMADeNEvddN The oylinddCrascartrifugsdtotiag  about 10
seconds. The maxi mumintensity_ was

! 5 Wcn?, and the cl.ose | d, recei ved
153/ cn t calkthe gplutigardawn énfo i opfls endy. The rba‘g% & awseaﬁegd%& N E‘(‘%)a‘gd
WV- spect r ophdaQishh Sitil iPACR okt bvith Gheliidik Q@ ibnWHild keaphe/N ttidporalyr i ng t he
lid was renoved by hand, and the | ens was s akeﬁ.for 10 m nut eé. in
dei oni Hed Resseer for feeinta sierps. Ahe HYREpaienngfagwoldingsplyion VAR fiihe as wel |

as their ginenglRnSWhERatee & ppRddty kirerélane Moutl50 Mg bf thesslutiepl aced
with saline water. Thus a 1:1 co of the nold rface s made. A 14.00

) py S
nm di anet evasdssef igivike laweupatiof pepntest !fﬁ%{n@}d‘?ﬁﬁﬁ%b‘g?sw&‘ﬁs%??)p@ﬁaﬁl e 23
Exanpl e 1 yag. £6RGH: §ob in SRECRID thiibidWaS cBRkMnk EMBasOb et held topamedtot ut ed wi th
ethanol to give a 36% w w solution in ethanol. The nol ecul ar wei ght and
pol ydi sper &pacyndsdy applisatienseflat!0kg 19981 y- HEMA are shown in Table 7, below. 30
35 SUBSTI TUTE ﬁ!é'%ﬁ)-gecg\ﬁuldgva% BlaceiRBnAofvVes d%1t PinbiddS03/sQ0.338 thelxaapl e 24
Exanpl & 1 was repeated, except that the poly-HEVA solutiopn was diluted with
et hanol t opagsedemder3dighintansiI N lagwm fepsek 08 [bays dheROnYAY ORdF leshibam was used
as the chaiyy, {d A0sHse" TASEMimbASHERAHY Rhs SUGHY hndBE S8R b1 BbGvdgesul ting
pol ymer solution was 5 fractionated as described in Exanpl e 10. The
nol ecul ar W{Ogﬁttotalraa dwt@thryngmbypﬁgwerPuck@ UV-spectrophotometer

placed next to the closed mold.

.

20 After curing the lid was removed by hand, and the lens was soaked for 10 minutes
in deionized water. The resulting hydrogel lenses retained their shape as well as their
dimensions when the tetraethylene glycol diluent was replaced with saline water. Thus a
1:1 copy of the mold surface was made. A 14.00 mm diameter mold gave a 14.00 mm

diameter hydrogel lens.

25
Example 23
Example 1 was repeated, except that the poly-HEMA solution was diluted with
ethanol to give a 36% w/w solution in ethanol. The molecular weight and polydispersity
of the resulting poly-HEMA are shown in Table 7, below.
30
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resulting poly-HEMA are shown in Table 7, below Table 7 Ex # Fractionated
Mv (kD) Mo (kD) Pd 23 No 67 48 2.56 24 Ex 10 47 40 1.26 10 Exanple 25-28
Exanpl e 3waas/orgpeat ed except that the polynerization tenperaiSos/esExanpl es
25-27) and sol vent (Exanple 28) were varied as shown in Table 8, bel ow
Exanpl e 27 was not fractionated. Al other Exanples in this set were
fractionatgg sy ding to 15 Exanple 10. Mol ecul arzwei-ghteand:: -

pol ydi spersity_are shown in Table 8 el ow. ...4abl e 8 3 Sol vent Mw
(kD) M (D) PExamRle § WoeEe 8’21"311%“%%’0@‘8“%@ gy %? g‘é‘Ied(z‘@% EOH 67 49
Ehfouéﬁ Zgbtﬂag& t& 'vé5t3_@%379/|w_ SoHEEPInathai8 and 3oty Dflerddpeanpeis pselrzs thefch@iranpl es 23
were ftunctiaqgnalized usin t hods,. simlar .to Ex le 13, with
the change@niferaggntiipsiergi9f dodgey! EFGRA™T rﬁ%ﬁtggrﬂo%eﬁﬁoé'tnllogﬁvaal%ingat i on,
glr)lagg :“5712 r%ﬁ%&g@ﬁ%@ﬁi}eﬁ% Eﬁ)ﬁﬁlﬂ% 10. Eﬂleaﬂi&edaliaﬁ weighi and palyllisp@sity Bliblee 9 Ex#
; ol ven ase Acyl. Pd Ex. # target actual agent (kD
(kD) 29 23esnifing pgl © IRREM g@l%%ﬁ 36 SUBSTI TUTE SHEET (R?JLE 253) )
WD 03/ 077792 PCT/ US03/06835 30 26 8 2.2 NW TEA MAAG tsy oil i.'+", 31 28

6 2.9 NWP DVAP MAAH 56 48 1.21 32 28 3,4 2.1 NW TEA* MAACI 63 48 1.30 33
25 3 1.4 NW MAAH 89 68 1. 43 QAT@b}eZO 2-NNVRP-DABCO-MAACI 82 55 1.79

35 26 3.3 2.9 TEA Hyackionatad 119 MwgkD) [ Mp kD) ~Pd
No 67 48 2.56
47

Ex 10 40 1.26

[P I

23
24

10
Example 25-28

Example 3 was repeated except that the polymerization temperature (Examples
25-27) and solvent (Example 28) were varied as shown in Table 8, below. Example 27
was not fractionated. All other Examples in this set were fractionated according to

15 Example 10. Molecular weight and polydispersity are shown in Table 8, below.

Table 8

20

Ex#

T (°C)

Solvent

Mw (kD)

Mp (kD)

Pd

25

72

EOH

95

64

1.7

26

68

EOH

94

70

1.56

27

75

EOH

| 67

49

2.6

28

74

IPA

52

45

1.39

Examples 29 — 37
The polymers of Examples 23 through 28 were functionalized using methods

similar to Example 13, with the changes noted in Table 9, below. The percent

functionalization, molecular weight and polydispersities are listed in Table 9.

SUBSTITUTE SHEET (RULE 26)

Table 9
Ex# | Prepol | %F %F Solvent | base Acyl. Mw |Mp |Pd
Ex.# |target | actual agent (kD) | (kD)
29 123 10 2.3 DMSO | Py MAACI | 83 56 2.18
36



36 26 3 2.2 NWP TEA MAAH 84 114 1.66 37 24 3 2.4 NWP TEA MAAH 43 50 1.25
conducted at 57C. Exanpl es 38-41 The functionalized prepolyners nmade in
Exanpl es 88 oand7785 t hrough 37 were 5 nolded into | enses a®CErbn3Qsssd

Exanpl e 22. The nodul us, elongation and equilibrium water content are
shown in Table 10, below Table 10 Ex.# Funct. PP :Mbdulus (psi) Elong. (%
% H2O0 Ex. B39 33 41462 62239 [35vB0 1O0FAS8 | MAARG |39 1p0: 59 1441 37 25 160
59 10 Exanpiie &g Tni|g a Syr.6nge,NMPpPO| PMRAP SoMAAIDN 560onf 48 ni|nig2119./15% w w
of the pr EDW@‘A EXggpl € [3av@and| TBA5% MIWAGT |isBe pa&pdl hdter |f rom
Exanpl e 35 wgrer7g Xeq Wi th] TEG [(9WP% pey €, Tromal ylka) he’l tlhied3
phot o-i ni ti[azor 4T ooy 1173; UnagveVappagooovaiadiig2 al sohol1.74 he vi scous
sol ution corgz g Bgropur 1473 aGi@ [ 9ER. 5% WAXKH 68159 Ww [1Ih61TEG, and
19. 5% w w of5 } oft3e P ft’”' EE- HRO0Cl Hraafe gaf | Nis Ml rg
sol ution an d as4 £ flhlpl mpbh YER ThEMAIH QWs g | BEChlamal
propert| es: |vuuu HS g"_/z, —Et ongat Ton 186149 Exanptre 43 20 Tnto a
syringe, a sol lff’f“?ﬂ‘itegf“ % g functionalized prepolymer from Exanpl e 30 was
m xed vvlth tetraeth ene glycol (99+% pure, from Fluka) and the
photo-init Examgplei %‘c 1173. Upon evaporation of |ow boiling solvents,
the viscous solnielfﬁx{msmtaimqmﬁmmuteinﬂmﬁplma;sadnds@ﬂ@owmﬁﬁe 50% W w

o R i B it L, TS RSP L U €2

Degassed WahRf cohest a6 eieskntid Tahly €0,dedoivscous sol ution that cont ai ned Dar ocur
1173 equal to 0.4% ww, 39% w w tet ‘[fﬁtil'u | ene glycol, and 38.6% w w of a
prepol ynmer and 22% wat er as co-di | uefl %ydrogel s made of this nolding

sol ution were [gyEed aFuhdl. EEXanVIeduRR (psid| Bvge (Ydre |PoH@W rjg mechani cal
Ex. #
38 33 4 462 62
39 35 50 107 58
40 36 20 150 59
41 37 25 160 59

10  Example 42
Into a syringe, a polymer solution containing 19.5% w/w of the prepolymer from
Example 33 and 19.5% w/w of the prepolymer from Example 35 were mixed with TEG
(99+% pure, from Fluka) and the photo-initiator Darocur 1173. Upon evaporation of the
alcohol, the viscous solution contained Darocur 1173 equal to 0.5% wiw, 60.5% wiw
15 TEG, and 19.5% w/w of each of the prepolymers. Hydrogels made of this molding
solution and cured as in Example 22 showed the following mechanical properties:

Modulus: 27+2psi. Elongation 186+14%.

Example 43

20 Into a syringe, a solution of the functionalized prepolymer from Example 30 was
mixed with tetraethylene glycol (99+% pure, from Fluka) and the photo-initiator Darocur
1173. Upon evaporation of low boiling solvents, the viscous solution contained Darocur

1173 equal to 0.5% w/w, 50% w/w tetraethylene glycol, and 49.5% w/w of the
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5 properties: nodulus of 347psi and el ongation of 13620% Exanpl e 45 The

bottom fraction (described in Table 2) of the prepolyner in Exanple 1 rich
in the hwohlsnwi7erul ar wei ght pol ymer fraction was functi @oaltisagehsasi ng t he
nmet hods 10 described in Exanple 9. The functionalized and washed prepol yner

was then mxed wth TEG using the nethods described in Exanple 22 to give
a vi scous dBndtionabiged prepplynesifio Bompleoll degasyidevater veex aticany sivne of thi s

Vi seous 5Ol videh AkolRsn iRfahiRs PRrob0 179 E£ANGY.B wARSovARRLbRE, Sy e Of this

solution was nolded into a contact |ens according t e 22 using
hol d ti mes ghfcobawd 34T0 wAv @f 8DGPAEBefad 23% vagTas N“@lblﬁntcﬁydwgel’é medd ¢fds wer e

removed by tﬂémadu?gm&ltaﬁvﬂeﬁ%fea awﬁn%gﬁ@fa@qn& ge{ve:h% folldWAH ﬁécﬂa cglei oni zed

wat er. The | enses ared usin Imes o secon 400 seconds
were di sStoer@thﬁdn st 3hgpd aﬂ%@l?“&#@%@ftlééﬂot"/@m t he nol d caV| ty. The

| enses prepared using hold tines of 800 seconds nmintai ned the spheri cal
shape of the 20 nold and were free fromdistortion. 38 SUBSTI TUTE SHEET
(RULE 26) W>ag@lo#57792 PCT/ USO3/ 06835 WE CLAIM 1. A conposition conprising

Bg: zdﬁsg/gr Q?Yi n%@? ess t%g ?E%%Pe Itjgﬁgz ﬁ%@%‘gﬁq“ m%ﬂb\}\i} rg}%htinof about
100, 000 wi tthe églpmbktdlllstpmi@t p9lymer frastion W#ﬂaﬁmqigmltze@u@g tRe mgthedsconposi ti on of
claiml Vmeife?dn@ecfﬂ'ﬂaﬁ Ffme E\&U{ (ﬁlr?ll ggci]%agh%d grgﬁcg%lﬁ& wa?ta%ﬂgm)?’ % 000 with a

pol ydi spersit I'ess” than a about ) wth a poI ydi spersity
of less t hawthaBiﬁmsm the nthodthdesathap osixample 28fto givak misdoushdntainn sai d peak

mol ecul ar V&?htgm 5§%bs%h¥a ?g%ﬁilagatﬁglwe 0%9}199 Qcom EOIﬂ.ltl[% Q‘%% ¥<1qlh§ %eore%bb y of less

t han about d about |s er than about
3.2. 4. Theewodps2DtG.on of clai m 1 wher ei n sai d peak nol ecul ar wei ght is

about 80,000 wAPR 2O S/dvE saRayS Rl Eaato fronEBet st 9885 5 rho-

conposi ta Om@ﬁpmlzaluﬂméhmﬁfrﬁkﬂfx)@lmomﬂ&komh(ﬁﬂﬂhﬁﬁo%\l\ﬁl ght ls bel ow about
and 100, 000 and sai d pol ydjspersity is |ess than a .
conposi tion of éIﬂST%“fg\‘/ﬂ‘?éﬁél""ﬁf%ea‘flﬂ"eﬁ@b’Pﬁﬂds%f@rtg‘?k?seﬁg’elleégaé(e@ﬁ’&ﬁoabout 1.7.

minutes in deionized water. The lenses prepared using hold times of 200 seconds and
400 seconds were distorted and had a shape that deviated from the mold cavity. The
lenses prepared using hold times of 800 seconds maintained the spherical shape of the

20 mold and were free from distortion.
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7. The conposition of claim1 wherein said polydispersity is |less than
about 1.5. 8. The conposition of claim1l wherein said poly-HEMA is

subst ant iwblog/of17e2 20 from gel particles. 9. The conposi PCEUSOS/0SBRI M 1
wherein said poly-HEMA is a copolynmer conprising HEMA and at | east one
conononer. 10. The conposition of claim9 wherein said conononer conprises
at | east one hydrophilic nononer. 25 11. The conposition of claim10
wherei n sai MLWS'[ one hydrophilic nonomer is selected from

vi nyl - cont ar'ni g hononers. 12. The conposition of claim11l wherein said at
| east one vi nyl 1.cArbaipnsitien comprisingpoly SIEMA éatirgla peabmoldeslagweiglg consi sti ng

of N, N-di net hyl acr i de. . | yceral . nethacr vl at 2- hydr yl
net hacryl am de, pgtf%‘h?ﬂ?/ ev‘r’féhg%/(%:f lfpgrﬁl Ofﬁllgsﬁg}falgfaag?@?é? %?%/a%e (i%:gfra_gl ic acid,
acrylicsacid, N-viwvaightdfabdu80,000 withnypolydispesithyf lessdinabbowd8,8. N- vi nyl - N- et hyl

acetam de, N-vinhyl-Nethyl. fo m.d .39.SUBSTI TUTE SHEET ( RULE 26) WD
oS 0oTr0s” poT) (Rb SR B tiny e ‘f‘gl?eﬁ%%?aé‘g?eav f“r%’g e FHET i ST oros s

vi nyl carbamat e nmetvan®0,800 widkegadydidpersivpofiastimnabeht Biaxd sboas9¢,008rvedf . 13. The
conposi tion of clai m 0 wher?Ln %ai %at east one hydrophilic nonomer is
sel ected fromt heaﬁ?éféﬁpeé%?{so 3 By TPUNX di met hyl - acryl ami de, glycerol 5
met hacryl ate, 23.hyhk eonymkitiph ofatdimelcwhardmsaiepeakimoldeylapyeiglalis sbowen

pol yet hyl enegl ycol. nmp t hacryl at.e, t hacryli id.and li.c acid and
m xt urgé t her eof . 20O}t 9% %‘M@Y‘i‘?"@i‘?ﬂg? E?Sé]%/ aﬁ%ﬁ%ﬁ@?g}?oﬁt gogé Vgﬁ‘ | east one
hydr ophi | i ¢ nmonomepolygiepapdityE fess\thik sbonet. hyl acryl am de, nethacrylic acid
and glycerol 1

0 hacryl ate. .15. The co sition of cl.aim10 wherein said
at |east one hytr OPRFIR SWB’ﬁB?é?lmli‘gheﬁ?’ég‘ﬁ ca Wogeﬁulﬁ%ﬂgkﬂt"f% ®®han about
50 weight % 16. Tkt 250@Osith 4 folydifpetitpbfmess@hantabsgil(s maiaboudB0,b@ast one
hydrophilic nononer. is present 1 n an anou bet ween about 0.5 and 40
wei ght % 15 17. WE“(PBH%@E‘?‘?‘W&’?IW%E’P%WQE wherein said hydrophilic
MONOMEr; 5CONPr i S&S ThetoteRkiibn BEIAIRCK Wheadi€ sdidpaaRoMcElatpeipit ishdatk 50 wei ght %

18. The conposition of claim?10 erein saj drophi |l i ¢ nononmer conpri ses
P about and 100,000 and sm po ydpspergitydis Pe%s thalP at]bout 2. P

6. The composition of claim 1 wherein said polydispersity is less than about 1.7.

7. The composition of claim 1 wherein said polydispersity is less than about 1.5.
8. The composition of claim 1 wherein said poly-HEMA is substantially free
20 from gel particles.

9. The composition of claim 1 wherein said poly-HEMA is a copolymer
comprising HEMA and at least one comonomer.

10. The composition of claim 9 wherein said comonomer comprises at least one
hydrophilic monomer.

25 11. The composition of claim 10 wherein said at least one hydrophilic monomer
is selected from vinyl-containing monomers.

12. The composition of claim 11 wherein said at least one vinyl containing
monomer is selected from the group consisting of N,N-dimethyl acrylamide,
glycerol methacrylate, 2-hydroxyethyl methacrylamide, polyethyleneglycol

30 monomethacrylate, methacrylic acid, acrylic acid, N-vinyl lactams, N-vinyl-

N-methyl acetamide, N-vinyl-N-ethyl acetamide, N-vinyl-N-ethyl formamide,
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gl ycerol nmethacrylate in anmounts between about 25 and about 45 wei ght %
19. The conposition of claim10 wherein said hydrophilic nononmer conprises
20 met hacwoloo7aei d i n amounts | ess than about 5 wei ght %PCZOISOTbGS835
conposition of claim 10 wherein said hydrophilic nonomer conprises

met hacrylic acid in anounts between about 0.5 and about 5.0 weight% 21.
The conposition of Nedingil ferm@midecyinyl varbamnate thymbmwpd ivinylocarhamawenonomery i ses

N, N- di et hyl acrylmggnéﬁo&%%ﬁngg 1Quahgpt S0 wei ght % 25 22. The
conposition of claim1l erelrn sai TJF%y rophi'li ¢ nonomer conpri ses

N, N- di met hyl acrigl ‘& epenpositiemefictatine 10 etherearsailno lebst e hydtophiiwubondtherei ght %
23. The conpositio i rejr i - HE honopol yner. 24.
The conposition ofﬁg@gﬁt% @6%}%% ﬁ cggﬁsgﬁggﬁg%%emé’g@n@ ?‘?@g’g ceyoéast one
30 hydr ophobi ¢ nonosthecryld®, 2-BdBSFEhyiEetBdERAMIIRM-EnZipyrrdMdond/ 077792

PCT/ US03/ 06835 25 it l.ai m.24 wher.ei n. sai.d hydr ophobi c
NDNONEr CONpri ses %%1J%ﬁ§éeg1?&gﬁozh§? ?rlg?:tg% 4 egg’rﬁeél?aﬁlry\r‘]% a?f’g ﬁ%%f@c(??%ﬁﬁ‘gr oner
havi ng at | east ommixtyed thereofi zabl e vi nyl group. 26. The conposition of

cl ai m 25 wher ei d | Il | e vinvl gr.o 5 ¢ rises 2-
met hacryl oxy. 29.4 'Sﬁlengé’ géggnoon%%?%ﬁgéﬂlhf lélsg’tdégg’a%f’nﬁ)%%ﬁ’ici‘?%a‘?e’vi a free
radi cal pol yneri zamiposes NEMimatbploweedaniide imethat s adihand ghfpetst 0. 5%

crosslipker and opt] at | east one hydrophilic or hydrophobic
cormnorremr( to for mﬁé‘%‘ﬁ?"?ﬁ%m ydi spersity poly 10 HEMA havi ng a peak

mol ecul ar wei ghtlSbBteweemositiaudf cRim Q0 ®/hereth saidauleast Ofk BApaNK ndonomer

pol ydi spersity greater than about. 2.2 and out . 4 respectively, and
purifying said hi glﬁpreﬁ%ttiln |nsa[r)ne°rurs"il?s§§ ﬂbf‘8|a§9‘i!§§/ﬂe{g8t forma | ow pol ydi spersity
pol y- HEMA havi nd6aTlpeatnpositbrasfelain 10mihgin shidtaviessd oadigdiopBiic @Romand about

rospecti vely. 16 J8POR BT TP o0S AILIHERLbG T r oo radi cal
pol ymeriZat i on i1§. TBendmpbstion dfitlaim 30 Wiewin seidpadbophiid mehensR tahptised he nonomer
00 PO HEV S e, BEL Bl BT 2 Betveen
The nethod of cliai The2Bmpbstii of chith d0 sbéRRLIdh§dBHlBEEEbridr 08Mmprik8s gr oup
glycerol methacrylate in amounts between about 25 and about 45 weight %.
19. The composition of claim 10 wherein said hydrophilic monomer comprises
20 methacrylic acid in amounts less than about 5 weight %.
20. The composition of claim 10 wherein said hydrophilic monomer comprises
methacrylic acid in amounts between about 0.5 and about 5.0 weight%.
21. The composition of claim 10 wherein said hydrophilic monomer comprises
N,N-dimethyl acrylamide in amounts up to about 50 weight %.
25 22. The composition of claim 10 wherein said hydrophilic monomer comprises
N,N-dimethy! acrylamide in amounts between about 10 and about 40 weight
%.
23. The composition of claim 1 wherein said poly-HEMA a homopolymer.
24. The composition of claim 9 wherein said copolymér comprises at least one

30 hydrophobic monomer.
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20 consisting of alcohols, glycols, polyols, aromatic hydrocarbons, am des,
sul foxi des, pyrrolidones, ethers, esters, ester alcohols, glycoethers,

ket ones awo ogioxt7az es t hereof. 30. The nethod of claim 28 waogrEsosoesas d
solvent is selected fromthe group consisting of nethanol, ethanol,

i sopropanol, 1-propanol, nethyllactate, ethyllactate, isopropyllactate,

et hoxypr opanol , 2§l Vieodongbiitosef chiift 24 BEEn shifyasphobychatvaeacmneise?25 31. The
nmet hod of claim 27atvl\é1a§tr ei n.lsai d f%ee r adi cal E([)f\lﬂéneri zat i og isg conduct ed
at about anbient pfedSLPS SIGPICoPRINS IS8 PRESMELSIE 26153k ARF about 90C,

32. The net hod of pdlahéerizabtle wingl grbwp.sai d free radi cal pol ynerization is
initiated via't emnal i ni.fji a(%j gan g§|wﬂg at Jdea]st onag) therlmal initiator. 33.
The nmethod of cl&t MEFPRAEPET 9F LA ¢ PHIEFR P YPR et VY1 B et ed from t he
30 groups consi st i ngniirisésea inekthapigtoaxi de, benzoyl peroxi de, isopropyl

per carbonate, azobisisobutyronitrile, 2,2-azobis isobutyronitrile,

2,2-azobis 2-nethyl butyronitrile and mxtures thereof. 41 SUBSTI TUTE
SHEET (RULE 26) 20\ @@AKbd 260 griskZTitht )50/ i oSighmeriady, vikiTre fRIda0d of cl ai m 32

wherein said.thernmal (nifiator c rises 2,2-azobhis 2-nethyl butyronitrile,
2, 2-azobi s ?@6‘5%?%@ 4@0591’&“2’?”‘8% %ssth‘l“r?éf’%t@fsg/“ %?Shgﬁ‘é apbemigellyr ¢l ai m
27 wher ei n g addask dde hidryphile GthePropBobiidehagbmét 1 fotm ath@RNAYESiInCHN-r ol and/ or
sol vent {@gnﬂgﬁﬂ vent fracti Okr%ﬁ@i on, SEFn Hansen Sol ubility 5 paraneters.

36.  The!Gret ROM A Ie gimrmolgrlsroveight briemiapgitag 000 e seutdgndubanda vi a
tenper at ur epotyaiNpeRlty gAY thad MdGul IarfitaBHR 4@Espeativeld] AL sidinghnPOl Y- HEMA
in a sol vent havi n%( Fﬁnmgolfg}bi lity paranmeters wi thin said EOl y- HEMA' s
solubility ESILY BPY < te:toFE A 42W BHYdimgsiy Py HEMA ppyinggprakng sai d
separ at i on melktilldrareigh®bawtBeEt 2t V0 akiedbeyy 100.000Tand9PoldRberdity dreast @ | ower
phase corrp%%{ uhﬁ'ﬂgq‘? mol ecul ar wei ght pol y-HEMA and an upper phase forns;

and (c) re SRR 2P d & respectively. The net hod of cl ai m 36 further
conprising the IBePheGhetbddAifRhairh DY whditH kil BRE radRBBHS nieRizd il G@hdaRidd f i cation
Vi a repeatl_n?l t he s%ﬁe@gs ((ga) t hrough (c); or adding to said upper phase a
non- sol ventMeaerisaablsof dissplving the mogeracrend theipplviREMAdirng e of sai d

separ at i on pPlyrhdHzBtidnNatAToHHHrfturs Whfe&d £5oht 0Qnf histk Péde@bd 72h e B¥m
pol ydi spersi ty 2poI -

about 2 to about 30 hours.

29. The method of claim 28 wherein said solvent is selected from the group
20  consisting of alcohols, glycols, polyols, aromatic hydrocarbons, amides, sulfoxides,
pyrrolidones, ethers, esters, ester alcohols, glycoethers, ketones and mixtures thereof.
30. The method of claim 28 wherein said solvent is selected from the group
consisting of methanol, ethanol, isopropanol, 1-propanol, methyllactate, ethyllactate,
isopropyllactate, ethoxypropanol, glycol ethers, DMF, DMSO, NMP and cyclohexanone.
25 31. The method of claim 27 wherein said free radical polymerization is
conducted at about ambient pressure, at a temperature between about 60 and about 90°C.
32. The method of claim 27 wherein said free radical polymerization is initiated
via thermal initiation using at least one thermal initiator.
33. The method of claim 32 wherein said thermal initiator is selected from the
30  group consisting of lauryl peroxide, benzoyl peroxide, isopropyl percarbonate,
azobisisobutyronitrile, 2,2-azobis isobutyronitrile, 2,2-azobis 2-methylbutyronitrile and

mixtures thereof.
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HEMA from said separation m xture. 20 38. The nethod of claim 35 wherein
said purifying step is conducted via solvent/non-solvent fractionation
conpri si Nyo o3@y778t ssol vi ng said poly-HEMA i n a sol vent hapCagshiaoseh
solubility paraneters of 5D from about 13 to about 20, 6p fromabout 5 to
about 18, and 6H from about 10 to about 25 to forma separation sol ution;
25 (b) addi ng, 86 §hs netbedaficlaimga wheseinseid theamalinitigol ventsehat-«deor eases at

| east one SRLWbIbLktNhitRR! & ution in anounts
sufficient to p?gct:ﬁl %at e Q%&ES%S&L?%JQIC\SXE?%%&Q&CI%% MA from said

separati on sol upohne meliod eficlaimad wherginsaidpuri Mlecmlldm’fedma ght pol y- HEMA.
30 39. The t@iﬁfaé?&gre(egntﬁh %h&?b%ﬁlvﬁw tol?%lvé:n(? 5ﬂoﬁél{bg u%i\;}? H%ES%HS b1§1§pl ecting

sai d separatlon sol uti on tOfUI’ ur| | catlon a repea t he steps
(a) thrdugtpagageters.42 SUBSTI TUTE SHEET (RULE 26) WD 03/ 077792 PCT/ US03/ 06835

or 000l 11 sai d 38R AR BRI Ol QiSpkAIRELE) HISABLANA! e 1'S S0 that

at |l east a | ower phase conprising arr wel g pol'y- HEMA and an
upper pha§@np%?wco@trﬂc¢@mgﬁbﬁWP@Ofower phase. 40. The nmethod of claim

wh i id he 8
38 erern sai gds§(§§1hégﬂ§p(§?al még& &\%Bﬁm}ngr n?fe SSB% Ses the 8H

paranmeter. 41. The netho wherei n s creas€ in at |east on
sol ubility par ametrerametersyeithiressid pahoUEMA s eolathliyisplera) mi fosm a4éparatiomet hod
conpri sjgng the Ste@ﬁl uffp.attaching at |east one crosslinkable functional
group to pol y- HEMA havi ﬁg a peak nol ecul ar wei ght between about 25,000 10
and about 100, 00(b) aneling spidisymratipe sditiop tof tempssturdiaaiovathe (I s2thbtat leess t han

about 3.8 respecti fici vaI ntI bond said
crosslinkabl e func;é?%%n%réﬂgs% g&gl(%l{ﬁn%dg%uflarﬁf—f@p%%% Ei? o
crosslinkabl e pr epcphgaerémnsA@d The method of claim 42 wher e| n sai d
crosslinkabl e fu ‘Wﬁl tg RUR; h%s present in an amount between about 1 to
about 20 % on a 0| C r| C aS| s based upon 15 the anpunt of avail able
hydr oxyl5 gr oups 37 nTisxanethgbéfiplakifr M\ furthér co‘ﬂpesmgtﬂe(stépofsubjeamig s4id uppar ei n sai d
bet ween about 1.5

O S TRl AL LRERDl S Pl 5
upper phase a non-solvent that decreases at least one solubility parameter of said
separation mixture in amounts sufficient to precipitate said low polydispersity poly-
HEMA from said separation mixture.

20 38. The method of claim 35 wherein said purifying step is conducted via

solvent/non-solvent fractionation comprising:
(a) dissolving said poly-HEMA in a solvent having Hansen solubility
parameters of dp from about 13 to about 20, 8p from about 5 to about
18, and 8y from about 10 to about 25 to form a separation solution;

25 (b) adding, to said separation mixture, a non-solvent that decreases at least
one solubility parameters of said separation solution in amounts
sufficient to precipitate high molecular weight poly-HEMA from said
separation solution; and

(c) removing said high molecular weight poly-HEMA..
30
39. The method of claim 38 further comprising the step of subjecting said

separation solution to further purification via repeating the steps (a) through (c);
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upon the anmount of avail abl e hydroxyl groups in said poly-HEVA 45. The

nmet hod of claim42 wherein said crosslinkable functional group is 20
derived fwomsa7rieact ant having the structure A-S-F, wher e PATIUGS030683% t achi ng
group which is capable of formng a covalent bond with a hydroxyl group in
the poly-HEMA, S is a spacer and F is a functional group conprising an

et hyl eni cal | y un$agaoliag said sepiratign soRfion ®.a tdihperaretetbodwahe €] @ithat 4Geasher ei n A
is selected fro [.Skd f..chloride, Isocyanates, acids,

aci d anhydri des ,mag(?f\eégféﬁPg?rﬁ%%?g%tééhgg%?%l&r Y5 f%@(-gﬁé@? AGAR "PRYbi nat i ons

t hereof . 47. Thephase fous;oind ednaavingdhe llverphiase. A conpri ses at | east one acid
anhydride. 48. 44h .Cl.al.m 45 erein Sis.selected fromthe group
consi sting of a4a38h%$%tg§€o%gaﬁ 3§n STl gaﬁi%?atﬁ’fl%ﬁ’i ALY BRTERSIETSi ¢ al kyl or
aryl grdup havi ngmfrisepth8 g aabmeteat ons, and pol yet hers of the fornul a

- (CH2- CH2- 0) n- erein {S. between 1. and 8. 43 SUBSTI TUTE SHEET ( RULE
26) WD 03/ 07779 ‘Pl e ?fégaé@%&@?fe*ﬁﬁé%ﬁéffﬁﬁa insgt Ieaptanisolybilifiher ein S i s
sel ected from t perageteris bewped sHoutMro@bod s5&hitect bond, strai ght, branched or
cyclic al kyl grg pé;ﬁgtih\?\% 1 to. 4 carbon_atons and. polyethers of the

fornul a - (CH2- nethod ermRnsing thestepg of plfaching a4 lrgstone sosslimkablenet hod of

cl Si m 45 ereml oeibmall Ero![n{iso I]EdmﬁHEMt mwmgaqem%g%%g}tgaﬁ@% But ﬁ'oognd Fﬁzl are
i ndepengdent se om.the group consisting O ydrogen and net hyl .
51. Thg%rretaﬁ%ab%‘f @@5&{%%5@% Qg}eﬁf’ thanpbputi?; tojless thal akoubd8f r om t he group
consi st i ng refedistipandeoditsms sufbbibRl eRaledly 5RAG ¥AR RS AEE MRl S

i socyanat oet hyl rretg,a}g];cl%l aée_, g%gi dyl methacrylate, cinnamc acid

chl ori de, r%é‘f“ﬁé%?ffﬂ’? T chainiiorga cropginkable prepolygerd anhydri de and

2-vi nyl - 4- di met k| HeahakddTelaib 22 whkeinkEk bRdsi Akt Ahiida éf‘élﬁﬁ?i n at |east
one functi Onallg%;{)nltj (ﬁlr oVi dieggp addi tional functionality other than

crossl i nki R§°F Bibefgrea ghept L tobopt 204 190 @ stojshiomsirisrhasis b&ed upbhe net hod

of cl ailfh 44hefaniduhiest a0£IRPELSA0gy] ehRpSinaRid pblyRiidayi ng said 15 crosslinkabl e
prepol yner by repolyner with water to renove substantially

\ng_said pre W T viai _
al | of undesir \(,a\%f gt}’r‘?g’{‘?ﬂBMP?l‘%ﬂ%lwaﬁlﬂéﬁﬁ etogslinkablajiyngtionslemuptieps f or naki ng
said crosptesét abdnenfuitetwedR bout 1.5 to about 10 % on a stoichiometric basis based

upon the amount of available hydroxyl groups in said poly-HEMA

45. The method of claim 42 wherein said crosslinkable functional group is

20  derived from a reactant having the structure A-S-F, where

A is an attaching group which is capable of forming a covalent bond with a
hydroxyl group in the poly-HEMA;

S is a spacer and

F is a functional group comprising an ethylenically unsaturated moiety.

25 46. The method of claim 45 wherein A is selected from the group consisting of
chloride, isocyanates, acids, acid anhydrides, acid chlorides, expoxies, azalactones, and
combinations thereof.

47. The method of claim 45 wherein A comprises at least one acid anhydride.
48. The method of claim 45 wherein S is selected from the group consisting of a

30 direct bond and straight, branched or cyclic alkyl or aryl group having 1 to 8 carbon

atoms, and polyethers of the formula —(CH,-CH,-0),- wherein n is between 1 and 8.

43

SUBSTITUTE SHEET (RULE 26)



54. The nethod of claim53 wherein said purifying step conprises the steps
of providing a large surface to volune ratio of the crosslinkable

pr epol ynewpQ 03agttPng said 20 crosslinkabl e prepol ymer wi trcadisonvesesl wat er
at or above roomtenperature. 55. The nethod of claim42, further
conprising the step of mxing said purified crossli nkabl e prepolymer with
a diluent to for4h alheimetndofsbintf wherhias mgele};temfsmomegmupf:onsatmgmaSO 000
cps to abou d. .of 55 wherein said
diluent is %|%§%&Ea§@%hﬁ%mﬁé%d o??ychgt.fﬁylrg% avin Vg %Fn% eaécgﬁsraélgand wi ll

di ssol ve, aPOlmthwfdhﬁ ©50;1a b HyeEHh- @hwheraﬁnmb@men%ahdm about 60 wei ght %
crosslinkabl e prgp the ot 1. Ms SCOUS

sol ution. 57. Th% Oh)é %h&fb%%ﬁnﬁj%)g’gere erhealfﬁlesf%l?n d'q( ?1t ate sel ected
from thedgroup fb@r&l ,5R| urgllb’f ageaddegpenidgnithrselecibd/frah the gadupendidting pf opyl ene

gl ycol, di pg}gip Igje%?l and 30 m xtures thereof. 58. The net hod of
claim 57 wh sal [uents conprise pol yethylene glycols have

nol ecul ar wei ghtd. Bb¢ wethed abdaitn 20¢heamtlsabDdactd is sSleB&T frdi/THe grbdpET ( RULE 26)
WO 03/ 07779 . The 56 wherein said
diluent is %"6‘ g‘{gq’% hg?‘%’rﬁég%‘ga‘é" CI‘l'i %-ISﬂaan%%%%wacryZ% R AR 19R gﬂt 150C. 60.
The et hod méth@drﬁatm Aeridyh erethacrylte] cinthindic srid chlmcﬁemaﬁiﬁﬂlcfabﬁm&}‘ﬂlﬁd@r oup

consi st | I e ols and m xtures thereof. 5 61.
The net od % 12 ag(m%gmv\ger el'Vlhg1 43%‘ ﬁ’ﬂ?gﬂ%/i °™re selected fromthe group
consi sting of aI ﬁﬂ)ﬁﬂiesnetlﬁtdﬁblaﬂﬂl @hbér&nafﬂdasﬂbnetﬁiﬁcﬁ@ndlIgﬂihp‘@fowdﬁ% The et hod
of cIa|m59 r gi nts are.selected fro oup consisting
of 3 -net hoxd;é/m% aqf%nc lg%agl Jﬁ% CrossiiKing ds @ ehefjré‘ﬁ‘i‘ OSEII%?Blﬁanm 1

- et hoxy- 2- pemdemsl , et hyI | act at e i sopropyl lactate and mi xtures thereof.

10 63. The neth r co rising t ep of evaporating
said diluent a]%? %%WC%P@%‘% 'g\}e H’géIEPr %PB‘H&’%@H dyi scous

sol uti ots Gdossﬁiﬂablﬁ@tdpoljnﬁf bﬁh@dhﬂig@ﬁdp&b@bl@iner willh tatéf 15 ¢&thisve SMstahiifly furt her
conpri ses aglrﬁf egs tl negl% hg % thod of claim64 wherein said
initiator conprisase Ctonf’gﬁ YPrg CHH‘Eﬁl ?"f‘ét?%srfor PErgEid y acti vat ed
initiator amcbshinloablalp&@otyhﬁf eof . 66. The nmethod of claim 64 wherein said
initiator

Is sel ?[Crl“ﬁe metEu()) oft cla1m%3 w"flereln said purifying step comprises the steps of
providing a large surface to volume ratio of the crosslinkable prepolymer, washing said
20 crosslinkable prepolymer with deionized water at or above room temperature.

55. The method of claim 42, further comprising the step of mixing said purified
crosslinkable prepolymer with a diluent to form a viscous solution having a viscosity of
about 50,000 cps to about 1x107 cps at 25°C.,

56. The method of claim 55 wherein said diluent is biocompatible, has a low Tg,

25 low vapor pressure and will dissolve, at or below 65°C, between about 30 weight % to
about 60 weight % crosslinkable prepolymer based upon the total weight of the viscous
solution.

57. The method of claim 56 wherein said diluents are selected from the group
consisting of polyethylene glycols, glycerol, propylene glycol, dipropylene glycol and

30  mixtures thereof. _
58. The method of claim 57 wherein said diluents comprise polyethylene glycols

have molecular weights between about 200 and 600.
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consi sting of bis(2,6-dinmethoxybenzoyl)-2, 4, 4-trinmethyl pentyl phosphine
oxi de and di ketone, 1-hydroxycycl ohexyl phenyl ketone. 67. The nethod of

cl ai m 55 wbesei19sai d vi scous sol utions further conpri sesPat/usa®odsanst one
addi tive which enhances or provides a desired benefit or which reduces or
elimnates an undesirable trait in an article made from said viscous

sol ution. 68. TA® HistesodsH claim pivbereipsaid dilpens ifinglas erti qompeisqsg bedingct ed fr om

the group GOPRLShHidWhRSf158b¢ra-viol et absorbing conpounds, reactive dyes,
organi c or |nor gani ¢ pignents, photochrom c conpounds, rel ease agents,

mol d | ubri cant s60. al’helmthqtbifcmm2%Wb@ﬁp@@nﬂd§u€t@h&¢hﬁe¢bﬁn¢md&lgrcmprrpounds
wetting a i onsi st ent product
9 g%@ﬁs?stlnggfg%é tﬁje?é egt?rg eﬁ?yctog H%@Me@thﬁrg fﬁ P

speci fication an PRat | ons od of claimb55 wherein
sai d vi $cous sobltTheméthml of clagh 4% wherein shid giduentsf ar¢ sedestet] imm tabgratp 10 seconds.

70. The net 5 I I 1 solution has a rel axation
QI?Se tlgé ell@dhg% e%% \é'gﬁgl%lpa ?%'ugh)}f: ﬁ%ﬁ 4P

time 30 ofc SS t secon e ‘net hod of cl aimb55 wherein
sai d vi scous sobdt Tbmmhﬁigdafqiaainaﬁﬁathemmstaldxhluemﬁ ate egecté¢dnfeom the@roupl second.

45 SUBSTI T L. /U 03/ 06 72. ,The net hod
of claim 4}% gllg%"%n%ﬁéj yEl %@aﬁg?ﬂgﬁ%ﬁ?%a}ﬁe SHAY: —pﬁgqag}gr@fﬁglg}fy %n met hod
giving | owpmplwﬂ;a&lpéiastateylsdpmgdﬂdc;ate ah8 midthes ti'letehf)d of claim72 wherein said
pol ymer,i,zat i on nguct free radical,. livi ol ymeri zation.
5 ~ 74. 1'OA met ho?i?cor?pl??t}EOd e E‘Wé %df@ﬂfler(%?m%‘ﬁ%ct 7 e %ftevzfpé’éaé‘gg %WL

crossli nkaldileentaﬁtman pdiakelis @mazmanﬂ@mpcblﬁynﬂ-slaﬂl%doM|samum peak nol ecul ar wei ght
bet ween about 2 b 000 . p rsity.of greater
than about 2.2 P grea O% ‘% félﬁn 3%3’8?613 sai gésﬁ%uéf%%?ﬁﬁﬁaé?mﬁ‘?fﬁﬁ‘fttl ons

sufficient letastaneuaﬂleem ly bond sai d cr ossl i nkabl e functional group to the
Crossl i nkabl o pepBIy RIS REs i A EPn e FRaB S r 896 Sk havi ng a

pol ydi dper sphdnymnfator,ltbﬁ&anﬁa:nvab@mmaﬂ)mﬂnﬁhemmd teaeoft han 10% of said
crosslinkable p | ecul ar. . .wei han about 15, 000.
75. A conposi ti éf’ﬁp@%? rTe‘i;’i‘ogl %ﬁla}ﬂ‘ g?@ﬁ?f’mé?fg "3?%&%? fe?ﬂ?%%@mp‘i‘%HBFR/rrer

conpri sing corpmhygbﬂimzhawmago:@b@ﬂaﬁ) 20, @ atithethy Ip&itd PhospRihveERe aldout 25, 000

and about 15 an erS| ty of less than about 2 to about
3.8 res pect]dq\*/‘g’f'l qgtwgroé%%i ogﬁ’fy%‘ %’8

67. The method of claim 55 wherem said viscous solutions further comprises at

20  least one additive which enhances or provides a desired benefit or which reduces or
eliminates an undesirable trait in an article made from said viscous solution.

68. The method of claim 67 wherein said additive is selected from the group
consisting of ultra-violet absorbing compounds, reactive dyes, organic or inorganic
pigments, photochromic compounds, release agents, mold lubricants, antimicrobial

25 compounds, pharmaceutical compounds, wetting agents, additives desirable to maintain a
consistent product specification and combinations thereof.

69. The method of claim 55 wherein said viscous solution has a relaxation time
of less than about 10 seconds.

70. The method of claim 55 wherein said viscous solution has a relaxation time

30  ofless than about 5 seconds.
71. The method of claim 55 wherein said viscous solution has a relaxation time

of less than about 1 second.
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t hereon, at |east one cross-linkable functional group. 76. The conposition
of claim75 wherein said crosslinkable functional group is present in an
anount bewvamen7about 1 to about 20 % on a stoichionetric Pagitsobesasl upon
t he amount of avail able hydroxyl groups in said poly-HEMA. 20 77. The
conposition of claim75 wherein said crosslinkable functional group is
present in an anBuihe pethodefclaitnailtwitrein agl il HEMKisienghitviak on a

st oi chi onet 1| i . . nt. of avail abl e hydroxyl groups in
sai d poly- I—@I{)&n%%@hnela@%ﬁ dsgﬁﬁ’#ﬂf)&#%%?%%myéy-mﬂ ein said crosslinkable
functional gr oup3i Ehe riethadxaddlaim GRrwhereipaeitl pnlymbrixaitiog mithed Stcondictsd @iaA- S- F,

where 25 A . j which is capable of form ng a coval ent
bond with aﬁe%hrg(g?aggggﬁggzrﬂgﬁg&faﬁ&?he poly-HEMA; S is a spacer and F is a

functi onal groupf4cdnpethsi qogipasing the ptepnofathdhyngunkadt onadredlinibrt y. 79. The
conpositio . I erelk N, A.ls selected fro he grqu onsi sting 30
of d, i sogfygér%g;ﬁ gg&%giﬁﬁ%}?%m h%‘ﬁ?ﬁ/%?eiaktransoﬁecg%f V&elgﬁbeWeg'égt’,(’Bb&p@i es,

azal act onesandaheht 16Q0A$) and & ipolydispdnstyed treatd HtharCAHBET. T td Igreatirliah abddhE 26) WO
03/ 077792 P .80 The. c ositj.o f clai erein A

conpri ses arfgqegggg/u%g%%gg?l an ylalreflﬁg.govakfhy S?:@r?f%%i“@%% Bftio8rlai m 78
wherein S i goupeh detroty-HEMA dthamn tg fomp casliikable pgpolphertanditeii skiand,

straigh b ar clicalkyl or. aryl groups havin .to 8 carbon 5

at ons afnod p%%g{]ﬁglf 3 reg?%c{"ﬁretoff%rfnr%‘frgssilf@éPfﬁiﬁg'@fﬁh"m‘&a&%wjdﬁp?rényb‘éft ween 1
and 8. 83. RYsehanahmoivttiein lofs thdndliorn dBaidieriseinRatte prepctah@thedmbleount he group

consisting _of,.a.dir traight, branched or cyclic al kyl groups
2 3.

ct .bond,
having 1 to ghéaoF Sng a(?ﬁ%ﬂgt% pol yethers of the formula -(CH2-CH2-O)rt

wherein n is bef/fedrompasitbntomBdsingiteeactoiip obdlinRdblOfres@hdFcdBpidgy €i n F has
the formul a i i nde;())gq]ndent |y
e

Ci =CR'R12 . 10 V\ger el ﬁlo, R: and R12 are

sel ected frO| rﬁcﬁéﬂag%@& LRSAK molec o ‘6?1&“ WPﬂb@ﬁ“%&oﬂé?‘ﬂ%O.‘“ R0,
conposi 13 orandt polydisparsity ofitess dbmatat Ttolabad 3@ Ybspe&iveKlage t&MIchiPHBrdie gr oup
consi sting ¢ freorret aC{q\%l c acid | or.i de, nethacrylic acid anhydride,
acrylic acid - anfiyd g€ T8 1@3@%&%‘8‘@? AyFBcryl ate, isocyanat oet hyl
met hacryl ate, ghg.cribydonmbbsifidt dtatin 78 inderefi said@ardsinkaIsirunbhdanl Heuasd
2-vinyl - 4- di net hﬁ/l azal act one. - . .

present il an amount between about 1 to about 20 % on a stoichiometric basis based upon

the amount of available hydroxyl groups in said poly-HEMA.

20 77. The composition of claim 75 wherein said crosslinkable functional group is
present in an amount between about 1.5 to about 10 weight % on a stoichiometric basis
based upon the amount of available hydroxyl groups in said poly-HEMA

78. The composition of claim 75 wherein said crosslinkable functional group is
derived from a reactant having the structure A-S-F, where

25 A is an attaching group which is capable of forming a covalent bond with a
hydroxyl group in the poly-HEMA;

S is a spacer and
F is a functional group comprising an ethylenically unsaturated moiety.
79. The composition of claim 78 wherein A is selected from the group consisting

30 of Cl, isocyanates, acids, acid anhydrides, acid chlorides, expoxies, azalactones, and

combinations thereof
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86. The conposition of claim78 wherein said reactant conprises nethacrylic
acid anhydride. 87. The conposition of claim78 further conprising at | east
one covalwptiByp7tieund functional group that provi des addi PCONESN3/06835
functionality other than crosslinking to said 20 crosslinkabl e prepol yner.
88. A viscous solution conprising the crosslinkable prepolynmer of claim?75,
and a diluent i808. Zhe commositios off dlaimi 78rvthetein A covpribes stdeadt aneacidus sol uti on
with a vi sc%ﬁ%,&r)ﬁ of about 50,000 cps to about 1 x107 cps at 25C. 89. The
vi scous solution of claim88 wherein said diluent is bioconpatible, has a
25 | ow Tg, | ow Wapdhe mnamsmoreoiéalrtImvﬁSIWhewrsSmlsvleqtechﬁomnhe@émmoﬁeﬁs’ﬁ,ng bet ween
about 30 we 9 t ossllnkab based upon
t he total dfgrb?ur? ot 6%)&? ﬁépgﬁ{ i lgg%cll}é@%%ydf °r936y1 Efghes b?vélg%ﬁtg’cy %IF%PI on of
claim 8% V\kmrmamd:palydthdus lofi tha fermatac-(€H} - @Ht-éx]n fwhereintrhie betg'bﬁupamiiﬂ’lSI sti ng of

pol yet hyl ene gl ygol c .ycol i pr | ene col
and m xtures thé?eo se grﬁ}ffosft e O\gflscoﬁgnge(ﬁlﬁgll%ﬁ?%f&d%P%itﬁf?é ng’gé‘%/f}g sai d
di | uent s cofjpdirsad bpn:d yiediphyt) hmhe@dryvyﬂic&l]d‘yhgxﬁumﬂiaemgll&f4W&b@f‘ﬁtSmbﬁidween

about 200 Q0. 7 EET RULE 2 [ 077792
PCT/ US03/ og’é’g‘@g‘ é’ﬁ‘Fhf%m\‘/“u Emr fu‘@}? BEg ?‘)rﬁevg K}&ﬁ‘ér ein said diluent
i s polar and cospnghs campaitionefclpiai T8 wheeds Fhbethe femuk -LHIG-CRI'R'The vi scous

I f cl @i d.dj I d f
consi Stithg of . aEBHAA oy e apEaHsPERa sAese ol testmsprriungst .

Vi scous solhytitogen odd nodtlailm 92 wherei n sal d diluents are selected fromthe

group consi sting.of, 3 net hax | |actate,
1- net hoxy- 2- pr og%‘nh’e Cogl-poélf?ﬂv)‘i’gjfl ’FfB]I S %ﬁf’?‘t s sechadefrom ths sFpy |
| act at e ancboﬂéistmngmemh\nﬁyle@efcxd &ﬁmda'hﬁethﬁc@(heuﬁd smiyuha@acryﬁc @i m 88 further

conpri ses a st one in t or scous 1on of claim95
wherein sai®® ‘ﬁ% Pi a‘f%crya%?f%}y?@%at%t‘m?@??e é“et}%ry ﬁ Fidvk i ator, thermally

activatisd iméthdcatias, cmdmmaxmhmdé m]rmﬁy1 LFimethgzalicemeus sol ution of claim
96 wherein said Jgtlator |s%e gdfromthe group consi sting of
>§§rb claymy

bi s(2, 6- di net ho S1§on MRSy PIdErRCiR: sompSsHiTRihasRiEe  and
di ket one, 1- hydaﬁayﬂyyﬁhdmexyl phenyl ketone. 98. The viscous solution of

cIa|m88further c risi l.axation tinme of |ess
’?lgpcompoglgon otf c? 7% rt%er comprising at least one covalently bound

functional group that provides additional functionality other than crosslinking to said

20  crosslinkable prepolymer.
88. A viscous solution comprising the crosslinkable prepolymer of claim 75, and
a diluent in an amount sufficient to provide said viscous solution with a viscosity of
about 50,000 cps to about 1 x10’ cps at 25°C.
89. The viscous solution of claim 88 wherein said diluent is biocompatible, has a
25  low Tg, low vapor pressure and will dissolve, at or below 65°C, between about 30 weight

% to about 60 weight % crosslinkable prepolymer based upon the total weight of the
viscous solution.
90. The viscous solution of claim 89 wherein said diluents are selected from the
group consisting of polyethylene glycols, glycerol, propylene glycol, dipropylene glycol
30  and mixtures thereof.
91. The viscous solution of claim 90 wherein said diluents comprise polyethylene

glycols have molecular weights between about 200 and 600.
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15 than about 10 seconds. 99. The viscous solution of claim88 further
conprising a relaxation tine of less than about 5 seconds. 100. The
vi scous swbuwsioionf claim 88 further conprising a rel axat iPGR/USO3res88s | ess
t han about 1 second. 20 101. The conposition of claim75 where said
crosslinkabl e prepol yner conprises a binodal nol ecul ar wei ght
distribution. 102. Theﬁy@mmgéﬁﬁom@ﬁﬂﬁns%m\ghaeiﬁediclydﬂifmls pelhmglz‘émi\;g:ﬁmd f ro_md
t he conpositjion of claj,m75. 3.. The hydrogel of claiml erein sai
hydrogreTP haasboglmr%r?&mtﬁeés%’f‘n%lfouf st 25 about 20 psi. 104. The hydrogel of
claim 102 wher ei9p. $hé disovusistlutionios clbiat IEeReréih 04id didRnAAL seRBRYroRGhePSi - 105.
rogel has an el ongation at break

The hyd | of cl.aim 10 erein_said hyd

of egr)e{a'[ g?egrﬂﬁ’ncoﬁ%%ﬂlg 0%6%%\%1%6&?6’&0 ?ﬁ%“dﬁr/f?’&%ifé*‘er?ﬁf- clai m 102 wherein said
hydr ogel5 has an9¢| amgaistais samtifﬂﬁ?l@ir?ei w@ilggltsﬁiﬂ ﬁ“@uﬁ"’éﬁ%ﬁ?gﬁﬁ%ﬁg( RGEE
article conprising the dr.ogel .of claim )

26) WD 03/ W“%‘(E‘Fﬁ@ég)éﬁé’é’g%%‘b“%@e’ PREYlpqtae | aneshoxyr2prepangl 3uher ei n sai d

articl e congioxg2sprépaaseethgidhctAe iop®pyltitihte A¥aniRfutdsGhefeo?f Cl ai m 107 wherein
said article i Sﬁ?ngﬁ ht hal m c. deyice. 110. The article of claim 109
‘h

wherein said op Ieoyspltion ok clains§ furthes gpmprises ptdepst ong initiator. An articl e

conprising a poloynMehe Visdowdsdutfo bNBifini IR s AP MRAR: bbBpisd at 1Gk@nE 75. 112
ri.sing_(a)_shapin article form ng anmount of viscous

A process c .an )
soIOuti ot i ﬂ’?‘gg&ﬁ“aé‘?rt ﬂ‘&‘l“é‘llyé?tﬁiategém‘%?@@nﬁ pyxtergs thergoksai d article form under

condi tions suffibgi erd visddud Qlod oPEh T wheih W Hitiafor B selEliEd BEAGRSS of claim
112 further conprising. the step of allowng said shaped formto relax

bef ore cur iZRFPrgrsisiing pRpis frdimsthertbenzgy i hidriamethylpprtykabesphing vsidd by
shapi ng. and diketone, 1-hydroxycyclohexylphenyl ketone.

98. The viscous solution of claim 88 further comprising a relaxation time of less
15  than about 10 seconds.
99. The viscous solution of claim 88 further comprising a relaxation time of less
than about 5 seconds.
100. The viscous solution of claim 88 further comprising a relaxation time of less
than about 1 second.
20 101. The composition of claim 75 where said crosslinkable prepolymer
comprises a bimodal molecular weight distribution.
102. A hydrogel comprising a poly-HEMA network formed from the composition
of claim 75. 4
103. The hydrogel of claim 102 wherein said hydrogel has a modulus of at least
25  about 20 psi.
104. The hydrogel of claim 102 wherein said modulus is between about 20 and
about 90 psi.
105. The hydrogel of claim 102 wherein said hydrogel has an elongation at break
of greater than about 100%. .
30 106. The hydrogel of claim 102 wherein said hydrogel has an elongation at break
of greater than about 120%.
107. An article comprising the hydrogel of claim 102,
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114. The process of claim 112 further conprising the step of allow ng said
shaped 15 viscous solution to rest prior to curing. 115. The process of

cl ai m 114watvanei’oe sai d shaped formis allowed to rest for PaT/Uysesdasa whi ch
is about two to about three tines relaxation time for said viscous
solution. 116. The process of claim 115 wherein said period is |ess than
about 30 second$08. Thezrtickad cjpim ¢&swhaséin gdid prticle tomptisss biomediodldeydes: i od i s

| ess t han about - f ' b Wherein said
period is |ess Fﬁgﬁ%ggggg§gc§g%%%ﬁgygaﬁfgﬁB%E%%H%H)g@?hg%&%%ﬁin1112 wher ei n
sai d vi scous sollftiTdw atticte dfglaimi0Pwheséin sad dphtilmicelewcalis s pbfaymtagt shri nkage
of less thgg.about 2% 119. The process of claim 112 wherein said viscous
solution, in the formation of said article displays a shrinkage of |ess

t han abdut 1% 2B.1AR0artidlheomprsmgapolyinec heivonk fdrnedifmnethe cevgpadition bf cl e
conprises biofpgial device. 121. The process of claim 112 wherein said
shaping is conducted via direct nmolding and said article is an ophthalmc
devi ce. 122. ThéllpAquessss wpobiagm 112 wherein said ophthalmic device is a

soft contact Ilen . it f claim9 wherein_at |east one
conononer is a tiz%&%gnﬁgﬁgﬁéggpﬁgﬁggﬁf@?%@V ?ﬁ-ﬁﬁﬁﬁmfﬁga%? ™ nd/ or
ultraviolet range. X®d. The process of claim56 wherein said diluent
further,,conpri ses .49 . BSTI TUTE SHEET (.RU 6) WD 03/ 077792

peT) Usod/ oonas - 158 buithe %ar‘r%%é‘?l? ?g’é’ﬁl “8%%?? s“?’r%‘é Y ‘F?E%‘E%fﬁ&)"ﬁé%??yﬁﬁﬂ ess t han
about 10% pol ymer nuoletearkes havi ng a peak nol ecul ar wei ght of |ess than

about 15, 000. 1 13.59'hesl:L>Jr%cSe;|;L g%ﬁm%'ﬂ?%ﬁth@ﬁ:%'fn%n%%& the step of allowing said shaped

form to relax before curing for a time sufficient to eliminate stresses induced by shaping.

114. The process of claim 112 further comprising the step of allowing said shaped
15  viscous solution to rest prior to curing,
115. The process of claim 114 wherein said shaped form is allowed to rest for a
period which is about two to about three times relaxation time for said viscous solution.
116. The process of claim 115 wherein said period is less than about 30 seconds.
117. The process of claim 115 wherein said period is less than about 10 seconds.
20 118. The process of claim 115 wherein said period is less than about 5 seconds.
118. The process of claim 112 wherein said viscous solution, in formation of said
article displays a shrinkage of less than about 2%.
119. The process of claim 112 wherein said viscous solution, in the formation of said
article displays a shrinkage of less than about 1%.
25 120. The process of claim 112 wherein said article comprises biomedical device.
121. The process of claim 112 wherein said shaping is conducted via direct
molding and said article is an ophthalmic device.
122. The process of claim 112 wherein said ophthalmic device is a soft contact
lens.
30 123. The composition of claim 9 wherein at least one comonomer is a tinted
monomer that absorbs light in the visible and/or ultraviolet range.

124. The process of claim 56 wherein said diluent further comprises water.
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125. A composition comprising poly-HEMA having less than about 10% polymer

molecules having a peak molecular weight of less than about 15,000.
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