WO 2011/ 055108PCT/ GB2010/ 002020 1 POLYMERS FOR CONTACT LENSES The
present invention relates to thernoplastic pol yurethane-based pol yners that
have applwoabiwssiosn the field of contact |ens technol oggr/GBr810/00%@0t i ON
also 5 relates to a process for prepating such materials. BACKGROUND TO THE
| NVENTI ON Soft contact | enses offer a viable alternative to spectacles for
the correction of visual defects such as nyopia, hypernetropia and
astigmatism Early | enses 10 were nmanufactured from pol yners based on

2- hydr oxyet hyl net hacryl atPOLMI%-Fékt@GWAéfE%W% ses provided sonme
confort but did not provide sufficient oxygen pernmeability to prevent

probl ens associated with corneal hypoxia. Attenpts to address this problem
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| eads to_prohl ens such as f)rot ein_and |ipid deposition, corneal

desi ccat ? onTelateg1RARIOSRSS 18 RECRRTIRGPHN Biatendls.e recently, a new generation
of polymers has been devel oped to further 20 increase the |evel of oxygen.
These materials are based .on the copol ynerisation of silicone nethacyl ates
wi th hydr opBAGKGROWNDEOTHE INVENTION produced fromthese materials were
originally designed for extended.wear. Though daily wear products al so
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investigated in the field of bionmedical devices. For exanple, US 3,786, 034

U
di scl oses h&YROXiayAltempts Icaddess taisripbleminglydadscorpiyaarising hieMiewithg a
1 ) h . . o X | .
SPo 1 ar Cstonyatopthic? foribrifis) SHBR" Q" eth OGNSR A -, BEfOlSSTES,
reacti ngSa Witbbugnl these apolyrieght inpreasddrtheyieveli bbxaxygedi permeatility, nthee
i | ts.of | h dii t t ti ith
Pyt oy - colEamATAIORGRATRSELCoRONOTIETS BRB reR kBT Cuchas RIPED 898 | n
US 4, 454, 309pnsbgdsitibn?e0meaPdediBodtnt «0sifing Uncribns Uangdraiishy ur ot hane

hydr ogel contact | enses prepared from prepolynmers nmade by reacting (a) at
| east one multifunctional conmpound; (b) at |east one di-isocyanate; and (c)

at | east on 0] . r I . SO red are t r d w t cess
vater to oMite tesantE<f AP pklBHAGH of RoRRl S s Bt SRR RidiE U
4, 644, 038 dirgeases tie plavelir of hanggbndr These f efiaedalkr oaret hsaggkRcbhonthef a
pol yoxyet hyl ene, and. a pol yfunctional isocyanate in a non-aqueous solvent.
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oxyet hyl ene- based diols or polyols having a nol ecul ar wei ght of about 7000

to 30,000, 30 wherein essentially all of the OH groups are capped wth
pol ymers. ¢ narere & TR MBS SR NGO ahBsL b AT AL Rnane
sufficient oxygen levels for normal corneal metabolism during daily wear, and
which provide a high level of comfort throughdut the day.
30
One class of polymers which holds considerable promise for novel contact lens

materials are PEG based polyurethanes.



characterised by having a non-ionic surface which is resistant to
non-specific protein adsorption. US 4,989, 710 di scl oses linear polyners
conpri si /yopolyusswshane/ urea 5 pol yet hyl ene gl ycol conbipoedBaiomozent s of
pol ypropyl ene gl ycol. The presence of 2pol ypropyl ene glycol leads to a

hi gher nodul us and tensile strength. US 5,563,233 di scl oses a hydrophilic
pol yet her pol yuret hane pol yner which is the reaction product of a

pol yoxyal kyl ene gl ycol, a glycol and an organic di- 10 isocyanate.

Simlarly, US 5,932,200 and US 5,120, 816 di scl oses contact | enses nade from
hydrogel s derived fron1the reaction product of polyethylene glycols and

di - i socyanateethane eghemisiiies dravel isodeard widely investigatedoiine the field of
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nodul us val ues that are undesirable in the contact lens in us ry. The use
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wet t abi | i tyweightl polgdingthyicsitexacendiol withg 2natote ieguivalentsadl sobhorarentiact

| ens technolo% are described in US 6,312, 706, ng ch discl oses a hydrogel

material thiOGYaNRiRe 0G| (RN} iTaFtiRG, WED peXRasst hYRroXYEEORIALIRG MPRPTEES.
conpri sing Eghhdr QRithane LSFOPMEPd bAd QisBBsHA G DANS aBueiY aﬁaause&@sg@@@ed
with pol ymerizabl e ethylenically unsaturated organic radicals, (b)’
tris-(td®nethyl siloxy)silyl propyl nethacrylate and (c) a hydroph| lic

monomer s or 552 By 88 ot BB R AR TG he BhPEE Bidodieh Trém
pol ysi | oxaneréesipfer@fradetsy Racting (8) apleastbaé ndtifipttidred woeipoupal {b)4&t0 and

about 800. WD 2011/055108PCT/ GB2010/ 002020 4 US 4,962, 178 di scl oses
si | oxane- ur &3 meepditisaranate;ianh(e 3 d?aﬁs@%g'%xfﬁ@nprﬁ@PW%Fé%@%ﬁénes

or opht hal niy fEsote %o.Qf
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essenti abl y asfa tdetapplenpser i sati on product of (a) 80- 95)%vve| ght of a

pol y-isocyanate capped, |inear or branched polysiloxane prepol ynmer and (b)
20-50 % by wei ght of a linear polydial kyl or polydi phenyl-sil oxane

di si l anol hays ags44£653 '&i’éclo%‘e%%ﬁﬂ%r&h%@fh d &%%@@ﬁo@%éﬂe‘é@h@ﬁ% ad
cross-1linked siloxane-urethane polymer in the orm of an ophthal m ¢ devi ce,
whi ch consi polyayethylens apdoa mmfun@ta@malotsopyajwetmoa per-agugpus solvent.
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of hydr@gyol groups in conponent (a) is stoichionetrically equivalent to

t he total 15 nunber of i socyanate groups in co onent c&bé and with the
provi so t hatUam: %3 200 dirclasessa PolyNRetgna ferme P"I EBacYPg @ §iof sompeReRt and
possesses a i HMSBE ﬁérvﬁfh ¢ritfa %é“@ctléﬁofl 6ldm8frt OF i4tePifthed
non- fi brous po yne C conta ens materi a haV|ng O 1 nproved oxygen
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acryl amxe) um?df&'\t@. second portion for i ncreasi ng oxygen perneability, said
second portion including a siloxane. 25 The present invention seeks to
provi de new silicone-containing pol yurethane- based materials that are
suitabl e for, dSg gl C y I cggﬁa
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t hat exhi bi tieagesnprepareghfreinc prepoiymerd itheat, afevisdtyapatergapped oxyethylenes
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STATEMENT OF INVENTION 5 A first aspect of the invention relates to a

pol yur et hane xerogel prepared froma m xture conprising: (a) at |east one
pol yet hylwoeoplosgsmB; (b) at | east one di-isocyanate; 10@craiB2be@stozone

pol ydi al kyl siloxane diol (d)at |east3one diol of fornmula I, HOO _In
15wherein n is an integer from1l to 25, preferably 1 to 10, nore preferably
1 to 4; wherein the polyethylene glycol, di-isocyanate, polydial kyl

sil oxane diol and diol are reacted under substantially anhydrous

condi ti ons. cl@&ae@féég'&ghhﬁn?”@ r%'ﬁqeﬂicn&macet lﬂlﬁldﬂofsy@sfsltgﬂl toShJ)ﬁ”é aﬂ i ol

conprises one or two term nal carbinol groups, typical

car bi nol gr pugiein attbospticmgeousl y, the present invention invol ves reacti ng
t he reactants under substanti al Iy anhydrous conditions to forma

pol yuret hane xerogel, i.e. without 25 the addition of water as a reactant,
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water fromthe reaction mxture, thereby mnimsing the formation of urea

groups in the palyner backbone and giving rise to materials haV|n% Iomer
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relates to a process for preparing a pol yurethane 10 xerogel, said process

conpri si ng: lrmoapmatln@ qaamidveiwneaﬁmed simaunis of water lOtOethﬁdleﬁl@tltm/ﬁmgl’e
It 1 oast EREn 8RS She WS Watelead e Rimpio bl X arlp ARG €,

from1l 49 ZBacImcﬁfe%I&iahWHJchOn Qe gives riveetioeinghdased oddlus(vdllésdnitiarg t he
m xture fornmed in step (i) under substantially anhydrous 20conditions to
form a pol y4REEH eﬂgﬁ?qéqma% leanidysi¥pect of the invention relates to a
pol yur et hane xerogel obtai nable by the above process. 25 A fifth aspect of
the invention relates to a process for preparing a pol yurethane hydrogel,
sai d procesd heom ioéisﬂ@opes;mﬂaing\gappkyms dtaszale@i $cecoptact d@mexhib'@dg

above, and h sai d t.han ero WI t h an_agueo
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20 lead to other adverse performance charactenstlcs, such as surface wettability

problems.

Silicone-containing materials suitable for contact lens technology are described
in US 6,312,706, which discloses a hydrogel material that is the polymerisation
25 product of a comonomer mixture comprising (a) a polysiloxane-containing
urethane prepolymer end-capped with polymerizable ethylenically unsaturated
organic radicals, (b) tris-(trimethylsiloxy)silyl propyl methacrylate and (c) a

hydrophilic comonomer.

30 US 4,136,250 teaches polymers formed from mono-olefinic monomers cross-
linked with a major amount of a di- or tri-olefinic polysiloxane based macromer
having a molecular weight between about 400 and about 800.



7 A seventh aspect of the invention relates to a process for preparing a
pol yur et hane xerogel in the formof a nolded article, said process
conpri si nyotzhe/ss®Rs of . 5(i)preparing a reaction m xt UPETAIBIPIO/®BR02G at

| east one pol yethylene glycol, at |east one di-isocyanate, at |east one
pol ydi al kyl siloxane diol and at |east one diol of formula | HOH O] n
10 wherein nis an integer from1l to 25, preferably 1 to 10, nore
preferably 1 to 4; (ii)reacting the reaction mxture fornmed in step (i)
under substantially anhydrous conditions to forma pol yurethane xerogel;
and 15 (iii Uﬁnj ection nol ding the pol yurethane xerogel to forma nol ded
article. AnYUS 8968 Hdiscloges shexaneyeiethaie pelymess stitable fevese asiaxygen
preparing a t ' e AW | d
Dt ocess conbel HUAEIE mERBraMEY 0BPNIRIIEoEes, Haviid Basfoftbe stk e
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lens. WO 2%1]1/ 055108PCT/ B2 13/ 002020 8 DETAI LED DESCRI PTI ON Definitions
The functi off5"PIY RVING fﬁf%‘?ﬁaﬁ OXANQYIEMRD refer to the nunber of

functional groups that are capable of reacting in the reaction mxture. As
such a "diol" 5 refers to a conpound conprising two hydroxyl functional
groups t@pablSe4 883 Mk disalgses atcress-Hiakad sioxaneturethasmedpalymer instheyfamataf”

refers to a . rLSi t ncti.onal, grou capabl.e of
reacting i naﬁ%?@&'fgga&é X\{vﬂ%g_%ﬂ%&&frﬁ%yr@é@%&‘a%ﬁntq{ggﬁmgﬁ) a
per meabi | i t Wi-0br pophedioxyaliyosubsitutey Bikyl gfolymlbkéné\ﬁ’@icﬁ (B) Bay ratiphatic,
10-11cn?. m. nqgg The term™ hédré)ger i s used herein to refer to a pol yner
conprising S¥CIRAbBhAtichBr atomatic dicasdridsegyanate,y whetrin the totalaguebes dfedi um
w || absorb riat Hend h Gu ; ﬁ%ﬂ | |
enl arged. | th w@oﬁg%%?s@o vrgpdl)'?]&vgt%?ar% tg tf)chrQB%e 9é?q‘ﬂﬁvdlént"¥o theotal

1S number of isocyanate groups in component (b), and with the proviso that an

effective cross-linking amount of (a) or (b) is present and possesses a

functionality of greater than two.

US 4,711,943 discloses a non-fibrous polymeric contact lens material having

20 improved oxygen permeability and stability, said material comprising a
monomer having a first portion for increasing wettability which is hydrophilic and
includes a side chain functionality selected from -CO-N- or -O-CO-N- (such as
an acrylamide)', and a second portion for increasing oxygen permeability, said
second portion including a siloxane.

25
The present invention seeks to provide new silicone-containing polyurethane-
based materials that are suitable for use in the contact lens industry. The
silicone-containing polyurethane-based materials of the invention are
thermoplastic copolymers that exhibit exemplary physical properties, for

30 example, in terms of modulus, oxygen permeability, light transmissibility,
surface wettability and wearer comfort over extended periods.
Advantageously, the thermoplastic materials described herein are suitable for



forma fluid unless it is significantly degraded. The tern xeroger is
used to refer to a polyneric material which may form a hydrogel upon

cont act wwohoswufsfiosi ent water. Cenerally a xerogel is drgTartofdoeeopri ses
|l ess than 5 wt.% water. The terns "substantially anhydrous” and/or
"dehydrated” are used herein to refer to conditions in which the anmount of
water is sufficiently low so as to produce a pol yuret hane backbone that is
substantially free fromurea groups. 25 Preferably the anount of water in
the reactanysd i WehviehtibeAS iﬁjBéﬁbrﬁbMdiﬁ? 3apbafétid)r ¢héreBy cenlbling ekight han
about 0.1wt.% even nore preferably | ess than about 0.05 Ww.% The term
"car bi nor i thragghputpredaction of contgetiensas. f uncti onal group attached to a 30
carbon atom The carbon atom may be attached to a carbon atom (in
particular a carbon atomform ng part of a hydrocarbon group), a non-carbon
atom i ncl UUSTATEMENTAOF INVENYOON 11/ 055108PCT/ GB2010/ 002020 9 The term
"smal I al kyl group” refers to an al kyl group having a carbon backbone of 1
to 6 carbon atons, typically 1 to 4 carbon atons. 5 Polyneric Material The

Ryar ogel 1 nanmeCauti B e pfefgh GO eE PRI S SelleF PO THARE,

i s prepar edniiytureasinpniging: pol yet hyl ene glycol, a diol of fornula I, a
pol ydi al kyl siloxape diol and at |east one di-isocyanate under the
conditions &scr ?b&i‘%@”%lﬁ’&ﬁ’@ﬁhﬁ?% nyé?Bﬁy, the polymeric materials of the

i nvention a&@ t hgg iéﬁéid‘i"-isdcﬁnatbhe pol ymer softens and can flow when
exposed to at and pressure. e thernopl astic polyners described herein

are idedd f¢e) usatlaast hoe polydialkylisdoxansdiohdustry as they enabl e the cost
effective ufact ure,of |ens on.a,large scal e conpared to processes

whi ch rel yrrg re i[éaghoegg‘f&ﬁﬁ?%r @ lnbreover, the absence of water (as far
as practically attainable) mnimses the formation of urea groups in the
pol ymer backbone, thereby giving rise to 20 naterials having | ower, nore
desirabl e nodul us val ues for the cUﬁh\g{t/J\en industry. Advant ageousl y,
t he conpositions do not contain any seCondafynOH groups. The resulting
polynmers therefore exhibit high thermal stability and resistance to 25

oxi dative degradation. Preferably, the canpositions are water insoluble.
Preferably, the polyurethane xerogel of the invention is in the formof a
cont act 1fens. 30 Whsireist mis andntegpt HPMTHdo Ko pesferably dnigi Hh MAtRPIRISTPe use
of at |east 1903€, .pol yet hyl ene glycol (PEG. WD 2011/055108PCT/ GB2010/002020
10 Preferably, %’he pol yet hyl ene gl ycol has a nol ecul ar wei ght of from about
500 to about 100, 000, nore preferably from about 1000 to about 50, 000, even

nore preferahly from aho 3000 .t o,ahaut 10, 000 r eferabl.yy still . from
about 5 SOOGVHI%E%@‘SFF’@Y)%{EJY'GP?? Ayt &dﬁ?@yaﬁ‘ﬁgﬁ*e‘?qjﬁa@‘%ﬁ%@?‘%@%t‘!'g't?&d diol

pol yet hyl engyglys@bd iuhdBFSuSR8Rtially arftiyelrbes conditibys.pr ef erred enbodi ment

the PEG is selected from PEG 6088, PEG 3350 and PEG 1000. 10 Pol yet hyl ene

gl ycol s208f varyi ng nol ecul ar weights are commercially available and can be
dsed 10 211 sl g U ETdhEh! A5 BlydHRPEERGHS U EohriRes R e O
used. two terminal carbinol groups, typically, two terminal carbinol groups.
Advantageously, the present invention involves reacting the reactants under
substantially anhydrous conditions to form a polyurethane xerogel, i.e. without
25 the addition of water as a reactant, in contrast to methods known in the art in
which water is deliberately incorporated as a reactant. The incorporation of
urea groups (formed from water present in the reaction mixture) increases the
modulus value of the material, which is undesirable in materials for use in the
contact lens industry. Advantageously, the present invention substantially
30 excludes water from the reaction mixture, thereby minimising the formation of
urea groups in the polymer backbone and giving rise to materials having lower,



15 Preferably, the polyethylene glycol is used in an anount of from about
20 to about 80 wt % of the reactants, nore preferably from about 30 to
about 70 w0 2041/058108 preferably from about 35 to about 6®CHGEZA10MOREO

preferably still, fromabout 40 to about 60 wt % of the reactants. 20 D ol
The pol yner conposition of the invention is prepared using at |east one
chain extender, which is a diol of fornmula I, HOH 25 | wherein n is an

integer from1l to 25, preferably 2 to 25, suitably 2 to 10, nore suitably 2
to 4. Where nis 2 or nore, the diol includes one or nore ether groups. The
presence of nwareh desinablegmeothsus noalgeses The bVéb"eﬂﬂl?i lclaimey ohatetigls are
30resul tant conposition. W 2011/055108PCT/ GB2010/ 002020 11 I n one,.

enbodi nent , the{EopasticiROPRTR 183k afe suiEable teg injgctign and; compresgiogfeolding| v
preferred e { 1 b Qb itk i Al oy LR 2. 5
I n one hi ghlﬁtiggre elrralrse%rtégan%%%:ug%%e%f! Eggﬂd'i%gﬁmi%s’ 'ﬁ?beet% y evr\{gyg yt(r:o I{K?nﬂéG),
i,e, nis BonAbermmepiastmbierialoarmeastimoldedés mal@ ¢ondactTéiGes: oduce

t herrnof prmabl e pol ynmers that show high light transmssibility in the fully
wat er swollen state. 10ln one highly preferred enbodinent, the did | is
tetraet hyl epesgbardlaspédED thé -iRveritidns rélateRr &f & F}QlWrethéﬁe Hydroded WhigH an
anmount of from5 to about 45 wt % of the reactants, nore preferably from
about 10 t ocampuises thepolyysithane xewgel apdescritedeove inthydgated fosnEG,
preferably Ais used in an anount of fromabout 2 to about 10 wt % of the
reactants, nore preferably fromabout 2 to about 6 wt % of the reactants.
20 Where t he thirdlaspecbbiGhenneérticrbiefates to @ proedss forprepannyga polyuréthamabout
5 to about 20 wt % of the reactants, nore preferably, fromabout 10 to

about 180wt X65Qgel3d PEREESSFOTP R e the diol is TEG preferably it is
used in an gyoun Rewd ; 9 ,
nor e preferglglD y P{%ﬂngrgr{)ggﬂnﬁm t(g'% éﬁyglﬁ%pﬁé Egméﬁ?ﬁohyft%gﬁé‘gm%?%\%%émre
preferably, fromeapslitisesyanatenaiieastone polydialkyhsiloxane diot and aieast one
2011/ 055108PCT/ GB2Q10/ 12 The proportion of the diol within a given
conposition can I'ogcg’?gfq&é@%?t he material properties. The diol reacts with
NCO groups (e.g.Desmodur W to formthe "hard" bl ocks within the resultant
polymer matrix that affords the strength (tensile properties) to the
material. The skilled person woul d”Pth\s/a.pgr Hate 5 that the proportion of
the given diol can be adjusted in order to Pilme tune the tensile and other
propertilés of the resulting material. Preferably, the diol of formula | is
used in an amount of about 2 to about 60 I

wherein n is an integer from 1 to 25, preferably 1 to 10, more preferably
1to 4;
(i) reacting the mixture formed in step (i) under substantially anhydrous
20 conditions to form a polyurethane xerogel.

A fourth aspect of the invention relates to a polyurethane xerogel obtainable by

the above process.

25 A fifth aspect of the invention relates to a process for preparing a polyurethane
hydrogel, said process comprising preparing a polyurethane xerogel as
described above, and hydrating said polyurethane xerogel with an aqueous

medium to form a polyurethane hydrogel.

30 A sixth aspect of the invention relates to a polyurethane hydrogel obtainable by

the process described above.



nol e equivalents to the amount of PEG preferably, fromabout 5 to about 30
10 nol e equivalents, even nore preferably, fromabout 15 to about 22 nole
equi val enwe 20elasiose to the PEG in a given conposition. pDr-dRomymnebe The
pol ymer conposition of the invention s prepared using at |east one di- 15
i socyanate. Preferably, the di-isocyanate is an organic di-isocyanate. The
dii socyanate perforns a nunber of different functions. Firstly, it acts as
a coupling agent for the polyethylene glycol conponent to produce the soft
segnent. Secondly, it acts as a coupling agent for the diol conponent to
produce urethane-rich hard segnents. Thirdly, it acts as a coupling agent
for 20 the Aofsevamit Iaapacts@@n@ﬁt fnveptiboi relates tdea nprioeess dor vetieghringf at he

resul ting pal The diiso nate i referably. an aliphatic ..

di 1 socyanat BONATTtIAGE eredel 46 o ol pidedt Al e g, gomerising

t enper at ur eghedsteppafticul arly preferred, 25 Preferably, the di-isocyanate
is of the formula OCN-R1-NCO, wherein R1 is a linear or branched

C3- C18- ab kyKigne, prgparingui graction nixture comptisingal legstoane polyedhytane glycol,

Cl- C4- al koxy-substitute -aryl ene C7-Cl18-aral kyl ene,

Co. CLoary! ene. 12088 BhecSodiale 7 tealt hs ol daRi( xR, fiohand ot
C3- C8- 30 cycl oaldast ene-didi-dbforaidizliene, a

C3- C8- cycl oal kyl ene- C1- C6- al kyl ene- C3- C8- cycl oal kyl ene or a

Cl1- C6- al kyl ene- C3- C8- cycl o- al kyl ene-d - C6- al kyl ene. WO

2011/ 055108PCT/ GB2010/ 002020 13 Exggpl es of particularly preferred

di i socyanates include nethyl ene dicycC € Hi socyanat e, hexamet hyl ene
di i socyanate, isophorone diisocyanate' toluen®2, 4-diisocyanate,

t ol uene- 2, 6-di i socyanate, m xtures of toluene-2,4 and 2, 6- diisocyanates,
ethylenéodiisocyanate, et hyl i dene diisoc}anate, propyl ene-1,2- 5

di i socyanate, cy DAY = = ¢ e

cycl ohexyl ene- 1, %ﬁ?@o‘t%ﬁ%#&gg%}{gﬁ@g?@e%’) 8{?%?(?'agat?g,o’ﬂ%fng-%riegﬂgﬁl | ene
di i socyanate, 3, 3'todt;chl oro4, 4"- bi phenyl ene dii socyanate,

1, 6- hexanet hyl ene_di.i sogcyanate, 1,4-tetranethyl.ene dii.socyanat .

1, 10- decamew}yl eﬁ%aﬁmgsg%?/arﬁéfféo,n CUREHE- @%ﬁ/i'goﬁt\?anﬁ e‘f'Y(%r5§8¢15&ﬁ?ﬁ‘|ﬂ|yene

di i socyanate, 1, 4nfygiduReandrionsdbifems aatl sretidre xek8gélt Hagenedi i socyanat e,
pol ynmeric 4, 4' -di phenyl met hane dii socyanate. In one highly preferred

enbodi mdat , (the dneck@ry@itine thepoyuribane wees! 1n/fosmea maldediadiftg. ohexyl

i socyanate), MN= 262.5). 15 Preferably, the di-isocyanate is used in an
anount of from about 0.05 to about 55, nore preferably fromabout 10 to
about 40, ntAre gigktheraapeyt ofr the aberttioR0 relatesbdat a4pProdesso &dr pheparagctaant s.
The amount of ,di -i sogi/ﬁactﬁatq.ig a‘]\{ i¥en C osi.tjon can be adjusted to
modi fy the RaNrsaReNIRee] ia tus S of & mElEd sl Said BigteRs comprising

st oi chi onet gir¥pafAd NG dretiineOkerodl refel fotth BT %iHbRIeR! Avisledds HEBSIBEN!
part in determning the properties of the resultant polynmer, for exanple,

t he rol @0ul sabonei ghd/ hystiating ssid meddedhadidlelwith anaqesusdnediupe te domp iael y
hi gher for a 1. CO [,chionmetry, and such a material is also expected
to afford 25’%‘%&%%‘8@#@%? wat er content on hydration than the pol ymer

afforded by a conposition that has a non stoichiometric ratio (e.g. OH

groups > NCO groups). The skilled person woul d thus appreci ate that. t he
NCO OH st oi chnBHi@speetof the inygnliondglaies fp,a0 SRS &F MATURRIUR SPRNPRY e

desired mod dHu@litrineg Ste0p8[urEhshe RPAIGRRI as 38scifed above.
2011/ 055108IL=’B (%g{o%m/ 002%‘0 14ba§ overal | 9Nltg.80—l ratio of less than 1.2,
preferal®5y from0.8 to about 1.1, nore preferably fromabout 0.85 to about

0.99, nore preferabl r about.. 0. 95 to,ahout 0.98. -LP

reaction talégergtf‘aﬁ?géf{]ogﬁg 'BY%&MC@?%?S g\o @?ﬁ Hf?/s?? g p@i’f%ﬁ@ﬁ"@%ﬁ%%‘? {ed
to speed up éé]ﬁu@ﬂ%af@wdm%ems déesstibedabuve iAfie pfepdraten ofih abytscs levsr nal |y
used by those skilled in the art may be enpl oyed. For exanple, suitable
catal ysts include dibutyltin dilaurate, FeCl 3, stannous octoate, tertiary
am nes such as triethylamne and the like. In one highly preferred

enbodi nent, 10the catalyst is dibutyl tin dilaurate (DBTDL). Preferably,
the catalyst is used in an anmount of from about 0.01 wt %to about 2.0 wt
% or fromabout 0.01 Wt %to about 1.0 vt % of the reactants, nore
preferably, from about 0.03 to about 0.8 Wt % even nore preferably from
about 15 0.05 wt % to about 0.5 w % nore preferably still, from about
0.05 w %to about 0.2 wt % nore preferably about 0.05 to about 0.1 wt %
of the reactants. In one highly preferred enbodi nent, the catalyst is used
in an anount of about 0.05 wt % of the reactants. 20Preferably, the
reaction mxture is in the formof a dry mxture, i.e. the mxture is
substantial ly anhydrous and substantially excludes water. Preferably, the

o o v . o, M ——



25 with the PEG the did | and the pol ydial kyl siloxane diol to eventually
forma thernoplastic polynmer matrix/ material. Advantageously, the

resul ti ngwpabymssiosatri x all ows high flux of oxygen, regualrtgergio/m2@ohi gh DK
| ens. Pol ydi al kyl Siloxane Diol 30 Th& polyneric material of the present

i nvention is prepared fromat |east one pol ydial kyl siloxane diol. WO
2011/ 055108PCT/ GB2010/ 002020 15 The reaction of the invention involves
reacting the OH groups of the polydial kyl siloxane diol, diol and PEG
conmponents wi th isocyanate roups to forma pol yuret hane. Pol ydi al kyl

si | oxanes aD@TAleDaéESQRW HYNr ophobi c, whereas the diol conponent is
subst anti al P& tg% th lic. In order to overcone any potential 5 .
conpati bili I"ens, the polydial kyl siloxane hydride term nated is

first react ﬂlevf/ljhbtlcaﬂalla) b¥/ bpwmgbun@hs iused toy@fersid tHeahunber esfcfunetioriad f orm
a pol ydi al ké si | gxane di ol f ?o referred to hereinafter as the "silicone
macroner") SOUPS) § re garanie, ot geattinggnrthe. pactipnynixtpse. Ay slieh a “diol

L1 1For il ardgdrs tcBachinHQund'coﬂpﬁsﬁ\g GwLhydroxifunctiGhall groups capable of
reacting in the reaction mixture and a “diisocyanate” refers to a compound
comprising two NCO functional groups capable of reacting in the reaction
mixture.

10 “DK" is a measure of the oxygen permeability of a material provided in Barrer
units where 1 Barrer = 10" 'cm®.mL.mmHg.

The term “hydrogel” is used herein to refer to a polymer comprising 10 wt% or
more water. Generally, a hydrogel in an aqueous medium will absorb water and

15 retain its original dry shape but it will be enlarged. It will not dissolve in water to
form a fluid unless it is significantly degraded.

The term”xerogel” is used to refer to a polymeric material which may form a
hydrogel upon contact with sufficient water. Generally a xerogel is dry and
20 comprises less than 5 wt.% water.

The terms “substantially anhydrous” and/or “dehydrated” are used herein to
refer to conditions in which the amount of water is sufficiently low so as to
produce a polyurethane backbone that is substantially free from urea groups.

25 Preferably the amount of water in the reactant mixture is less than about 0.3
wt.%,more preferably less than about 0.1wt.%, even more preferably less than
about 0.05 wt.%.

The term “carbinol” is used to refer to a hydroxyl functional group attached to a

30 carbon atom. The carbon atom may be attached to a carbon atom (in particular
a carbon atom forming part of a hydrocarbon group), a non-carbon atom
including Si, N and O.



oP I x oP RRR 10 Formula V Pol ydi al kyl siloxane diol ("silicone
macroner) where Ris alkyl, pis aninteger from1l to 110 and x is an

i nt eger fwormi/ise10824. 15 Gther ally, glycols nmay al so lpeTicsdio/m2d2ne above
reaction instead of the conmpound of fernula IV. For exanple, alternative
reactants include the foll ow ng: 20 j...-HO0-Js WO

2011/ 055108PCT/ GB2010/ 002020 16 Preferably, the hydrosilylation is carried
out in the presence of a catalyst. Mire preferably, the catalyst is a

pal | adi um catal yst. Even nore preferably still, the palladiumcatalyst is
plati nun(0)-1,3-divinyl-1,1, 3, 3-tetranet hyl di sil oxane conplex solution in
xyl ene, Pt Theoteffhésraltimtied bydus’irefers ¢aahi aikylajramy davingea bytbonpbadkibongat ur e
of the pol ydj gi\I k§| sj | oxg)ne to a relativel hydroghi lic reactive nmononer
with OH funel 1 |C3PNB .mSFHVB'C?@achSQésCQf QNaRMRtibility with the other
co-reactants in the reaction mxture. In one particularly preferred

enbodi nent, the polydial kyl siloxane diol is prepared by reacting

pol ydi mef hy PadymeriaMateyiiali de terninated (PDMS) with an allyl polyglycol

h | yet hyl | ycol || yl. .15 According t mbodi ment, th
Dol ya ol y| (EF Hipaa VB o FRPTac S Byl chrer Gaisih RAUESPaNG GEapas. 1 n

particul ar, hyhrgepidtiial doitabfd Fpxase adi 8lcomBact IORD! TIRE pdIYINENC FRtBMAl @r oup

bet ween the Sil oxane group and the or each carbinol group. The hydrocar byl
prepared by reacting a polyethylene glycol, a diol of formula I, a polydialkyl
siloxane diol and at least one di-isocyanate under the conditions described

10 above.

Preferably, the polymeric materials of the invention are thermoplastic, i.e. the
polymer softens and can flow when exposed to heat and pressure. The
thermoplastic polymers described herein are ideal for use in the contact lens
15 industry as they enable the cost effective manufacture of lenses on a large

scale compared to processes which rely on reaction cast molding.

Moreover, the absence of water (as far as practically attainable) minimises the
formation of urea groups in the polymer backbone, thereby giving rise to

20 materials having lower, more desirable modulus values for the contact lens
industry.

Advantageously, the compositions do not contain any secondary OH groups.
The resulting polymers therefore exhibit high thermal stability and resistance to

25 oxidative degradation. Preferably, the compositions are water insoluble.

Preferably, the polyurethane xerogel of the invention is in the form of a contact
lens.

30 Polyethylene Glycol
The present invention involves the use of at least one polyethylene glycol
(PEG). '



20 group may be substituted or unsubstituted, typically with one or nore
smal | al kyl groups. Alternatively or additionally, the hydrocarbyl group
may conprweeonmsswms nore et her, or ester groups. Typi calpcy/adsrelonpezocar byl
group is unsubstituted. Alternativel ylo the hydrocarbyl group conprises an
et her group. According to a further enbodi ment, the hydrocarbyl group
conpri ses an ester 25group. The hydrocarbyl group typically has a carbon
backbone of 5 to 150 carbon atons. According to one enbodi nent, the

hydr ocar byl group is unsubstituted and has a carbon backbone of 1 to 10
carbon atons, generally 1 to 5 carbon 30 atons, typically 3 to 5 carbon
atoms. WO Fodferasp 1beRolyeiBpeas/qiaad has Brmaldoataraveighl ¢f frorheatiopt 500ao by |
group conprises t her group_and has a carb backbone_ of to 50 carbon
atonms, typi @EPPS/qgoﬁcg 45“83&5%“” I?'Mnfg‘?m about ol0P0ne akout EPQJPQ&’e‘?VeéTTBKH?rrent ,
the hydr ocamhyfersHip YRnt Bt S6B0AB S5EAT 16,000 OHidréNitelishid SR PSR bone
of 90 to 150 carbon atoms, typically 100 to 150 carbon atons. Cenerally the
pol ydi al Ryl 5900deabeutiBaP0.has a nol ecul ar wei ght of 500 to 10000, typically
1000 to 7000. 10 Typically the al kyl groups of the polydial kyl siloxane
dial are small al kyl groups. According to one enbodi nent, the pol ydi al kyl

si | oxane di oh dne ighll prefereidigmbaidirmsat) ehélipolyetthiedd glyicer B PEG 6000€ In
Macronmer™ or "Carbinol term nated polydial kyl siloxane" is genemﬂlaégsed

to refer toapofheryigblyypicteret arekodimsak thepbEknds ssigriethfloandEG 6
di et hyl si | qa@@?Bgéty@tdrpt?nﬂ)doeg. ,formula V described in this docunent) or
imethyl's

oxypropyl ene - I 'oxane oxypropyl ene oxi de or caprol actone -
di met hyll8i | oxane - caprol actone of different nolecular wei ghts containing

20 differen i.ght % qQf non-silaxane units. So such conpounds are al so
2vai | abl e cARENENF S 5 ards pleculst wriBl Bt aTRECAN e BIR 815
having a nolgeutas Beeused t8faffsraune pOYMeriRNGateri of ithe xsBSeMOMVBATioR|
around 20 wt 9% DBE-C25 having a nol ecul ar wei ght of around 3500-4500, and

a non- si | oxdendsaf twa oomase sliffrrepst malegulaprpight Polgihienea glysplsceamalses
wei ght of arb%uun&dZSOO-SZOO, and a non-sil oxane content of around 45-55 w
% DBL-31 having a nol ecul ar wei ght of around 5700-6900, and a nonsil oxane
content 16f around 50 wt % The pol ydi al kyl siloxane diol typically has the

structure of _Formula V 0+1-0-1-1 IXx D 2011/.055108PCT/ 010/ 00202Q 18

Al tor nat | velR/etaBblotiripabRlvIans ghsal Riised fan ABOS 6F frs ABPUEGBr o

VI: 0 HO T -, Hdit %b%% bﬁth@fe@é?a&ts,léhoré’pé?fﬁf%lﬁfﬂ&ﬁ %?Bﬁtsg@tn? aBodi @b lwial ky!
thyl, al kyl g g Iy

group, typically ne Y represents an roup ener a having a
carbon backi@énmasé prefecalsy froar Bbauti8bite aboyhB8avti %, m@etweterakly istih, iomns) ,

pis an integer. from1 t 1 XehS. an integer from1l to 324 and Ain an

i nt eger frorﬁqﬂué)“ég? a#?ﬂf@éf'\?;%’ffhbe ﬁ&adgﬁeral ly 3 to 7, suitably 5.
Accordi pg to one enbodi nent the polydial kyl siloxane diol has the structure
of Formula V and has an associ at ed nol ecul ar wei ght of 600 to 10000.

Diol
The polymef composition of the invention is prepared using at least one chain

extender, which is a diol of formula |,

HO\F/\O»]:H

wherein n is an integer from 1 to 25, preferably 2 to 25, suitably 2 to 10, more

25

suitably 2 to 4. Where n is 2 or more, the diol includes one or more ether
groups. The presence of such ether groups increases the hydrophilicity of the

30 resultant composition.



10 According to further enbodi ment, the pol ydi al kyl siloxane diol has the
structure of Formula VI and has a nol ecul ar wei ght of 5500 to 7000.

Accor di ngvoeoomssmabodi ment, the pol ydi al kyl sil oxane dipdTicB2am/mx02et hyl ene
- 15di net hyl si | oxane - oxyethyl ene bliack polyner. Alternatively the

pol ydi al kyl siloxane diol is a oxypropyl ene di nethyl sil oxane - oxypropyl ene
bl ock copol ynmer. According to a further enbodi nent the pol ydial kyl sil oxane
diol is a caprolactone - dinethylsiloxane - caprol actone bl ock copol yner.

20 The poly f nmore than one of
t he conpoung{aﬁéscgﬁ%hﬁéﬁggvgaﬁ ﬁmﬁ% dks |%§ﬁ($ﬁﬁhﬁ%ﬁg§fglkyl si | oxane di ol
may i nclude nore than one conpound of Fornula V and/or Formula VI having

di fferent | ecul ar,_ wei hts 25 I p one ref enbodi . .

ol ya i kyl TSONE Y BIPIRd cradbmpoL bR i p g tes ARCONERS 16 @ fsne

hi ghly preferred enbodi nent, the polydlalkyl sil oxane diol is a

pol ydi met hyl " siloxane diol, i.e. Ris nethyl in formula Ill. WO

2011/ 055308PCT/ GB2010/ 002020 19 Preferably, the starting pol ydi al kyl

si | oxane di dr| ternmnat as_.a l.ecul. ar. i of fr ut 200 to
Sbout 1, 00 OB NG PERTRREH sy et e aisd s iBenS st CHE5, Lo

Preferabi y, 3t hAd@ér'\tﬁbé@uéd |é!é‘rﬁ o&ﬁén@d@ﬂb@@wcﬁﬁ ‘W@G%d@&eftﬁ@rlﬂhcﬁbﬁﬁébléoo to
about 2000, even nore prefer , fromabout 500 to about I n one

particul arl ;aotyn@rértln@tosmwhrmm tranbeigsibility om éhenfudly yvater swot_b%etam chis
manuf actured fromallyl polyglycol 1100 and PDMS hydride term nated 10
(MMS580). I n another particularly preferred enbodi nent, the silicone
nmacroneqoi siribhe h@ﬂlmef%rréﬁmﬁbﬁdlm@d theafiolas |tdﬂraé1ﬁkbé@bygl¢¢ol5WE@)ﬂi.é?DN5
hydri de term_nated ( 580). 15 Simlarly Carbinol (hydroxyl) term nated
pol ydi met hyR 8@ oxanes such as copol yners of

gener al archi tect ure( oxyet hyl ene) - (di net hyl si | oxane) -

(oxyet hyl ene), (oxypropyl ene) - (di et hyl si | oxane) - (oxypr opyl ene) and

( car pol act ofegferatlyetivey Ididl| isxaseg qncanmhacifdm S5ftodaboelr 40t windb azfuﬂhar
wei ghts 20 and cont ai ni.n i fferent - S an be used. Any
of these fof® %‘ft rmf? ﬁ%fd"?}éy F’&%FB%@‘ ﬁ){on% r?cso‘g’{ ?‘héf 88@ cromer.
The secosd step of the reaction invol ves reactlng the OH groups of the

pol ydi al kyl sil oxane diol, PEG and di ol conponents with isocyanate groups
to 25 form AVpele theedithie EGhprefetably drisgssathin RRVMPLBH Op fiebe @Beulult 1 t he
di i socyanat NG, I h i

forma pol y%groﬁﬁg{)rvﬂxé Oigva%%é%%%sﬁo gPE% raeiﬂ(]ﬁ%mfiggo& 3] {&m&n'ﬁt%ga o
hi gh flux ofthexyagantsresulting in a high OK | ens. 30 Catalysts may be used
to speed up the polyurethane fornul ati on and any of those catal ysts
normal |y used by those skilled in the art may be enployed. For exanple,

sui t abl ggcatghyid the Qi I OEL bgFéfértde Aiis Adeatif, ard bATILUH Of FdrRdUt 58
2011/ 055108PCT/ GB2010/ 002020 20 tertiary am nes such as triethyl arnine and
the |ike. | rabouk 20iwhYeobtherf @aﬁwt%nmsm peaferabiysdrarataiops 10ite ahawihitlBiwt i n
di l aurate (&?¥5ﬁ% §%§£ Eably the catalyst is used in an anount of from
about 0.02 Yo a 5 1.0 wt %of the reactants, nore preferably, from
about 0.05 w @6to about 0.5 wt % even nore preferably, from about 0.05 w

%to about O, % of .the reactan Addi ti.onal one 10 .1 n, qpe
preferred erWBGerﬁ?ﬂ dig! fiee 1 %&ﬁp%@ %ra@fv ks used 'Béﬂ)ﬁﬂg@ d#eE 8n

ant i oxi nt [ I éﬁ@ X )

ani sol e%% 0?‘36% ?egqhia/g%%%? %)§I t'}l,edrlr% d'l é’gﬁv%gbgifg.t&é?%me%ﬂa#ﬁ t he
ant i oxi dant dfsth8Haacthbly, efvenaibre pteh‘erahlu |fcom cdhout i16 tosahputr2Sawt §nofithe of
about 0.01 to a ¥t 10 wt % of the reactants, nore preferably from about
0.1 to about™8¢ even nore preferably fromabout 0.2 to about 1 wt % of

the reactants in any gi ven conposition. 20 According to one enbodnent of
the present invention, the_antioxidant is present at an anount of ﬁUt 1.0

to about 3. OWNperedhs dichés TEEG, AMeterably ibisdisadeinean amaimb Sfifiosnabgut ¢
Inventiofy TSGR bfteHELEREs.



conprises one or nore additional conponents such as a nodul us nodifier, 25
pl asticizer, humectant, lubricant, process aid, viscosity reducer,

conpat i biwotygiskmacer and/ or pol yner matri x structure mo®idB2010/002020
Preferably, the additional conponent i2s present in an anount of O to about
20 wt 70, nore preferably fromabout 2.5 to about 10 wt % nore preferably
still, about 4 to about 6 Wt % of the reactants. 30 WO

2011/ 055108PCT/ GB2010/ 002020 21 one particularly preferred enbodi nent, the
additional _gRERRBGSHioh df B Hiof WKIrPR §ivENhdoshAIPEL alsBdifRlct tridAakbEh-
whi ch can act as a nodulus nodifier, “plasticizer, hunmectant/ | ubri cant,
process ai dpropesiiessi thher didliceactscwitp MCOI ricups getpBesmodnd Whity fermther i x

structure | fh el EG. f 5 yarjous nol ecular i_ght . 0., 25 500,
1000, 2000%’@ g"cﬂ?ﬁ@r &"BME 3h‘§v%ﬁs|“é3’|“e PRRgTel, MLty (Bt @%655 35% ﬂquﬁg
present i nveaehsi prdperifies)atd the hattetidie Tl HARKS pelsdMRoRICHRRY abpreRitteoN,

t he PEG DME has a nol ecul ar wei ght of 1000 (e.g. PEG DME-1000). As an

al t er nat ? vethaidhe srapedies efl Yreogiven tﬁ!@‘yq?afébﬁead?@%fﬁd dnsydge tq dieg. tung the
Advant ageou - ' ratdo : Qg the pol ymer conpositions
of the inven rl}égﬁq@aﬁggfé gﬁ‘séés&htgéirg%ﬁé%adﬁg}é%‘ nodul us. Preferably, the
nodul us of | enses prepared fromthe polynmer conpositions of the invention

is fromabout 0.1 to abgu .2 MPa, nore preferably, about 0.3 to about 0.8
VPa. 16 even BRI ciEr 36| 91 fomiaidacissdan & agupiit Heaged, 2 T aBRet 60
preferred eqheeiiValeritd to (RERARLEMON PEC REcIRIAPI O Ab6itFio GBEBE 5B°S
one or nore tinting agents. By way of exanple, suftable tinting agents
commonl Y0 us etblé requiealentst :aven enarei poajertably, | fnorhudbouthd 51 td labeiuh 22 2ole
benzenesul foni cacid, 4-(4, 5- di hy. -.4- 02- net hoxy-5- net hy1- 44( 2-

(sul f ooxy) eFﬂW’?Eﬁ?ﬁ %éﬁ“ﬁepﬁ?ceﬁ?ﬁl '{)’j‘Eang §-9%?’h93m§¥8 801H pyrazol -1 -yl); 12-
napht hal ene-su | fon icacid, 7- (acetyl am no) - 4- hydr oxyl- 3- ((4-((sul fo-

oxyet hypsul f onyl ) phenyl )azo)-];[5-((4, 6-dichloro-1, 3, 5-triazi n-2-y0Oam no- 4-
hydr oxy- 3- ( @i-i8e¢yanatenapht hal enyl ) azo- 2, 7- napht hal ene- di sul f oni caci d,

25trisod i . ” , . i - 0.4: N31,
ooy - > sur e Ao rer opRRStort 4t un I AIoARSOERRArR Wl b Wb, AR
deri vat iiye] jscmydnéta, 7-Prefepablpathendsisbéyamate &can organiondi-isncyahate. The di-

roxy-3, 6-bis((4-((2- (sulfooxy)ethyl)sulfonyl) phenyl)azo)-tetrasodi um
salt]. 30 Péﬁctclyéélé'&r Pg”ﬁf"@?e@ r’%éﬂ“??‘ntoi? rffeisehifunetlinns, s & irstlys He ax ane

i nvention ar, q i oF nj u

ot hal ooy anSeP e gAY TOL e Pl e P R R PR BTN o
various irosegen20Secondiy)#PatisGBg0d ora@hog Oageht ofor ctbe fimt qomuponesit| tow,
brown and bl ack colours. chrqonmophtal violet.and.chronophtal oxide en.
The Use of GToaHEuRtERRsTEh TR Sedmenty TvBRaGEsR A e s eoettive
parti cubar | ¥hé epReAnP MabdIseghtitiits @o HUIAEIY $he Atlle QUEN WEIIR ¢Fathel EsuRingY
copper phthal ocyani ne bl ue pignment (e.g., Colour 5 Index Pignent Blue 15,
Constit uti oPolNer74160) is preferred. Opaquing agents such as titanium

di oxi de may al so be incorporated. For certain applications, a mxture of
col ours may be enpl oyed for better sinulation of natural iris appearance.
10 I n one pridfecdirsedyamdieds pesferatiih antaliphatig déspeyanate. a Atiphalié diggddynatesuch
as Reactive Bl.ue 4. Preferahl t he weight percentage of the tinting agent
is from abod’?" 1 8B0uigt g Sﬁ te@?‘??éa%’jgsﬁfé) afﬁ%‘?@?&’ﬁ? "€§: 0001 % to about
0.05 % okn one preferred 15 enbodi ment, the tinting agent is present in an

amount of from about 0.005 to 0.08 wt_ % |In one preferred enbodi nent, the
wei ght per cdtretafablys thendi-isogyanater isooh tisolermolap@EN-R:tNC s whergiroR« d§ avor e
preferably, [{r 0F % fel e ( : OlIn
one preferr e'fﬁ‘egm?g ?necnr}%,é)teﬁgz 18%‘%&%&?%%%%%”@%&&% gﬁ a?'ﬁ?t% Eggﬁtﬁtedz
conpri ses oragr @;-Opalkkoldshbstititeds ©O¢-Cllvapieer, bar €/,-Cystdraligenehea CayCibe,

for exanpl e, stron bsorber that exhibit el atively high absopption
val ues in tHYY ﬁﬁvgﬁ' yj)l‘?"edgé' 10 YeR8o r‘?anéf?éﬂséﬂé?loﬁ'gypépg’ reefat(i’(ié?'y
transpargnt @é@éﬁ(ﬁ&%«lmﬁoﬁﬂgﬁngr ef gr al,)Gq-dyttodilyIEhQCK AT c-hikyRne-C3-Ce-

e

commerci al Iy "25 avail | abl ocker such as AEHB (acryl oxyet hoxy
hydr oxybenz opystoadienecesa Chi@galkylene-Cs-Ce-cyclo-alkylene-Cq-Ce-alkylene.



General |l y speaking, a UV absorber, if present, is provided in an anount
fromabout 0.5 wt c%to about 1.5 Wt % of the reactants. Particularly

pr ef er r edwanre11d3B8smenposi ti ons whi ch include from about @cé/cr208bde2about
1.0 vt % WV absorber, nore preferablyi3 about 1.0 wt % of the reactants. WO
2011/ 055108PCT/ GB2010/ 002020 23 The tinting agent and/or WV bl ockers can be
charged into the lenses at the | ens hydrati on stage post pol ynerisation
after formation of the | enses by injection/conpression noul di ng.

Al ternative addi tives..(e,q. tinting.agents, W bl ockers n hers) can
e m xed wi EXeRREs R RRrC oty pis iR RdR R e B S s TP R
Process Anogfigcyanaes thexanidiByleny adiisoeyaridtb aisphotore @issEapatedrtofresear i ng
a pol yurethane xerogel, said process conprising: 10(i)preparing a mxture

conpri si ng aé-disesyanate. gelugaetdb«tisogyanate, mixturesaf tolene-2.4i 3pdyafat e,
t | east ) ial k ' ! ' ; ' |
o o O RegurhabEnpt e sEc e Bt iich e SRR Shrtipd A 2 |
to 10, npredpssdyanatdl, yoyldhexgleneh1,Rrdisotyaate heyolokexylené-dravailsdayastt (i)

under substantjally anhydrous conditions to forma pol yurethane xerogel. 20
Pref er abl y, T-ABSRFRR BISREHRNAE: dhal DIRerysne, diselpate. o SrbraisiomA fied

artlcle suchighenflen8iiRbyamite. 1,%Uﬁé)@ak?h@tgg[e%eéi%ioegaﬁﬁéhﬁ“4qfé%%g§éiﬁ§/lléﬂé cast
nmol di ng, injection nolding, conpression ding, spin cast nolding and

| at hi ng. Addiisdayaabtey,1, thrdecamethyiéne gisgayanate, rauneerica? dediisobgamatede 18 d
devi ces can_be, 2 unched out .. The sheets, of the material can be by
conpr essi ngn?Hg‘a?eH%r mopPERIYE M er i a{]’sﬁ:gﬂﬁg’gﬁylms pl & 'QQCY%'EQ%’ef | o ¥

pl at es) j@ndfiabedetiisuByahate: Polyimeric 9i4'-diphempintéthahe idilseayapagani ¢ sol vent .
In the later case the solvent would require to be evaporated. WO

2011/ 055108PCT/ (B2010/ 002020 24 wi thout the addition of water as a

reactant. Tiy SoﬁéaSHibFS\ﬁ/ I flefrlY yé?ﬁﬁé%iﬂiﬁig\tbgg%bﬁpﬁoﬁwatéSissalt?%rﬁ%ﬁralwy

free fromurea grou i'n contrast t’h nown’ 1 n the e absence

of water (agmethylase pisgdtdychitiesyl ipoeyavats), MW sRGRISHi cant fornati on of urea
groups whi ch can cause an increase of the swllen 5 water nodulus to a
degree that is undesirable for contact |enses. As used herein the term

" subst aki a'ﬁr§§e@§l§)\gv,dfn%uc?i!asésja¢fa¥e iQuSENH bh Mot ST dddft BTIB Y aBbutnat er

is sufficient so as to produce a pol yurethane backbone that is
subst ant i al 155, mare preferabiy deoryrabopt 1010 about dPabioje preferativdrororabout @9

place with as littl er.as is practigcally attalnable e. f ly,
the reacti oﬁotag’ﬁ’é’ 4§I"\<’I£$é° & &ﬁ %??C%"??'I eﬁ‘ﬁa?%'lpuﬁé of 5' B%‘%C(YPP{%% 1"€£§¥ gé’i%ﬁabl e.
More pref er aphpositite asanntbedl adilistéd | flo t AodiAC then refexant” ecorstates terishan
about 0.3 % nore preferably | ess than about 0.1% even 15 nore preferably
| ess t han alfsoperties/atteobulest urt her aspect of the invention relates to a
ponure&Bane xerogel obtainable by the above described process.

The stoichiometery (OH/NCO ratio) of the reacting mixture plays an important
part in determining the properties of the resultant polymer, for example, the
molecular weight/modulus of the material, is expected to be relatively higher for
a 1:1 NCO:OH stoichiometry, and such a material is also expected to afford
25 relatively lower water content on hydration than the polymer afforded by a
composition that has a non stoichiometric ratio (e.g. OH groups > NCO groups).
The skilled person would thus appreciate that the NCO:OH stoichiometry can
be adjusted so as to obtain a material with the desired modulus and to some
degree water content.
30
In one particularly preferred embodiment, the polyethylene glycol, the chain
extender and the di-isocyanates are employed in such proportions as to provide



20 Anot her aspect of the invention relates to a process for preparing a

pol yur et hane hydrogel, said process conprising preparing a pol yurethane

xer ogel awoadesnsstwed above, and hydrating said pol yur et iramasBeeromged2owi t h an
aqueous nediumto form a pol yuret hanet4dhydrogel . 25 Yet anot her aspect of
the invention relates to a pol yurethane hydrogel obtainable by the process
descri bed above. In one preferred enbodinent, a catalyst is added to the
reaction m xture. Suitable catalysts (together with guidance as to the
appropriate weds gb [ela]l fie

enbodi nent , a@ %@E glé;cgg? ra’i@ (ﬂﬁ;é%u{é?\n1'gi Pﬁ?rgP g’ ?%@1%??8 a)b\?\%f FOHde
2011/ 0551085@é%’1ﬁ)1:@h®%62902§5 #ddbbuin0 29, cnsrpoprefdrablysitom asout@iab ue

nodi fiers, ph st (él zers, hunectants, lubricants, process aids, viscosity
reducers, tP@RP 'hg Qgents conpatibility enhancers and/or polymer matrix
structure nodifiers as descri bed above, may al so be present in the reaction
m xture. 5 As mentioned above, the polynerisation reaction is carried out
under subst &irefeaably, thenyendlion tekesliplaenin the erescuseyof aratalyaict Satalysise

pr ot or abl y, M0 UREH Aeobed B YA€ pbbind EeRbniSheiit affobior BRaBBAabE

are dehydr atneémaly wzedr b%&ﬁ@%énsktlle@ @V tHecdrtt arayebatemployedNgFar exbAipie,
evaporator. Mre prefera t he reactants are_dehydrated under vacuum at a
t enper at ur e seftable ¢Q$ab/§t%@0bderﬁlbéfyﬁifbﬂé@%ﬁ%ﬁ FeCheslanngys @ctastes tarkiayyy

t he reactant r r a SRS at

| east 1 hour%'ﬁ%gg'gat'1 gtﬁélﬁgbﬁ’rﬂﬁg an\datﬁ g'glsat th}%h \L{Iﬁéﬁg ven ngféeﬂ%)‘?%i’%["ém Y,
for at |10aStthe9rchtmys$ |S)d|bﬂ:5/ltmrd‘aaum‘te(¢|DBﬂ'ﬁlL$. dehydration step, the noisture
content of the reactants as neasured by Karl Fisher is preferably < 0.050
% nore preferably, <0.035 % The conditions and timng of the dehydration

process w | Ipidrpspy, tmp%ath%t RAYSEITRN AN GRS RA deFﬁ a‘b%lxgbtm% %itceabaut

bei ng dehydrat ed, Qener nore material will take er to dehydrate.

Optional |y c&thewt %etdﬁdemneatg:ut O-Qtavic’2tp abgiing Ocwt "/m%aes'ga@ténw@r@ed to
dehydr at e. 7 r 0 e ally
t he anti oxi cPéﬁ %‘?1‘2/ {’ﬁ'% qitlﬁg‘%g@rggﬁt ?g@eﬁ ?%&gﬂt é%}atgl %Wg\glélr’]&gnd

t he fle[lner ?toggls rwiclt Yeto EEGuI e.Sagqﬂg’/d,t mmateeﬁregerlé’bquﬁ{ilabtom ablwt me@ﬁuddmgé)tza tot ]
Xt ur e and 2506 Rk W T MBI PEREra BbvtIRASUSIARGRR:| V1 BhFe (At Pon.
Typically, t & prlatelY g €

beaker is thgﬁoriergﬁﬁ rﬂégﬁréof]?@lbgﬁﬁgntt ﬁ]o%gﬁ%HSE %ont en%ns @taﬁo:ﬁeé%t ﬁgzrggﬁghl y
to gi ve a hdnbgevti% ed te reactants The required quantity of the di-isocyanate
(e.g. Desnodur W is then added to the 30 m xture and stirred until clear.
The m xture is then typi cally dispensed into pre heated pol ypropyl ene tubs
that aregsegb the Asactl miveré lin hedBmR\BA dHyaniRktireNi.& the mixereRoar d.
WO 2011/ 055108PCT/ 2010/ 002020 26 In one preferred embodi nent, the
reaction t akssiantielly aanhydreupeaad usubsiantialymexstydes7watek: oPrafeiably othec,
nore prefer eg%l“ preferred
enbodi nment , agbirép?rﬁe%rgg‘ogﬂ%;’%kggo%@gtﬁtg "%hé}lgéa%g{rdg uren'ﬁi }(;em about 90 C
t o about 100 C. Preferably, the mxture is reacted for about 0.5 to about
oref orabi y.  [HereRcionia e mEatPRapereds wilh dit dEBOGrANsA stF e a0omY 12
hours, nmpye \Q&ﬁftﬁéqbées tif\@rdlé\b% tﬂ@ r_&l)kmmkﬂ silgxandi giap pe @vangrlipffoirhea NCO
absorptl on band at 2260 cm1 in R spectrum of the resulting product
signifies t hﬂuermbelastla@tdmen matroﬁpnemal TAdvpmtaaa@uslysth@l fesWiiagtREIYBel to

Camper at ur o MERvEp e Aighyx o eeaEEIE T AR OR Bkt hePoven ana

al l owed to cool to anbi ent tenperature. In one preferred enbodi nent,
the product is cooled to a terrperature of from 20 about -30 C to about -120
C prior to rBotydialkyl Sdloxase®ie! from the nold. Preferably, the product is

Cemerat i o She BNt Hela el bleseht jsnibd; Befafey #om™ kaBlohe =

polydialkyl siloxane diol.



preferably fromabout -60 C to about -90 C. More preferably still, the
product 25is chilled to a tenperature of about -80C Preferably, the
product iwochildsemsfor at | east 20 m nutes, nore preferabryGB2ato/doee@st 60
m nut es. Advant ageously, the cooling ¥rocess allows the polynmer chains to
attain a tenperature below the glass transition that shrinks the pol yner
matrix/ material 30 and reduces the interaction at the interface which
enhances the denol ding of the product. This also facilitates/eases the
subsequent gharehetidrosr tle hEntiAOrRBIVES ABRAHRPHE GRROARHIQAARE pdkdmkyr | al
that produces granules suitable for feeding into an T njection nodlding
machi ne.  silop@neafigl.hdiol A REG ctampeanerds t with dsecysinate (5Pyps dehiena a
xerogel or n cordi . i I i

or cpar at | on PO UEEEHE Lol SRR i MMy NBINE bt e

Anot her aspdidl component s/ eubstantizll Bydsphilic AlND6RIEX6 dvercdrhe My Pistehtial
pol yur et hane xerq a_nolded article, said process

el in the form of ) 0 ¢
conpri si dg f@"\ﬂ@@ggyeﬁowﬁms(vi ther detwdialiyla sileans Siydrfg: tRreiraledr Issifivgl at
| east one p . I . e
pol ydi al Kyl Teiest Y BipBlyolyo) IR HYIRARph TBSHRIFLF fort 2 itk
1,-Hdn sildbxanesdiol (also redermed itoheggmafteras thet“silidédne prazremely) us Zollowst O,
nore preferably 2 to 4; 20 (ii)reacting the reaction m xture forned in step
(1) under substantially anhydrous conditions to form a pol yurethane
xerogel; and (iii)injeation moldingthe polyurethane xerogel to forma

mol ded article. In onelpreferlre odi ment,  he | yur et e xerogel
formed in step (ii) '7_5?'2—5069 qshﬁﬁqal%r%_gy ori nMo he~ler mati on of
pellets (typically by &xtrudifg andRchopping to forns pellets suitable for
injection noulding), and optionally dried;yunder vacuum prior to injection
nol di ng. The injection noFamgadief er abl th akes pﬁ%@é'% I ng conventi onal

i njection nolding apparatus (such as a BOY 50M, that will be famliar to

one of ordinary skill in the art. WD 2011/ 055108PCT/ GB2010/ 002020 28
R R R
I | |
HO o — ; OH
R I RS A T e S
10
Formula V

Polydialky! siloxane diol (“silicone macromer”)
where R is alkyl, p is an integer from 1 to 110 and x is an integer from 1 to 324.

15 Other allyl glycols may also be used in the above reaction instead of the

compound of formula IV. For example, alternative reactants include the

following:
A~ 4;[/\/0\]?/\OH
i O\L)\o’k "
20

where q is an integer from 1 to 40, r is an integer from 1 to 10 and s is an

integer from 1 to 25.



A further aspect of the invention relates to a process for preparing a

pol yur et hane hydrogel in the formof a nolded article said process

conpri si nyopnepEsioRg a pol yur et hane xerogel in the formpafi/GBomidentoarticl e
as descri bed above, and hydrating sai® nolded article with an aqueous
mediumto forma 5 pol yurethane hydrogel. Article of manufacture Another
aspect of the invention relates to an article of manufacture conprising a
pol ymer as descri bed above. 10 Preferably, the article of nmanufacture is in

the form of PrefeestiipCthel IiiFosikationtis eharieNsutiHhe PRefficersty EatafysexXwaRe in
order for the lens to facilitate normal corneal netabolism Preferably,

cont act | enpeefephipthecatalysigistaliadige gatalystofpyesi mphpsfetably stilidhei on
exhibit a e of st. 10 r re . rabl even
nore pref e%gﬂé({iﬂg} |°é‘3%'¥§‘§o§%ar?'§?@9fﬁkfﬁf ggboﬁve'ﬁ@?fagI%Q'é%(tf?rﬁ%tr{yﬁg&roééggs
have a DK ofcoatpiéressittioh inikyldie BRY+26s or nore. In one preferred
enbodi nept, the | enses have a DK of about 15 to about 40 20 Bailers nore
preferabpy, from about 25 to about 40 Barrers. A contact |ens nust be able
to transm t THeORfdrbSiyidton' fechbR dHalges thd Mbfihobi hifié IPIhE poRidiikg! ¥ 10
correcting vi_s%‘g? def%cts. Pref er abl }b/ cont cﬁﬂjlhensqsggreogr edﬂgg}ﬁ'\% ?he
pol yrmer comsdexanete arelatieely hydraphdie remptive moaomeghwitOH unctionalgroups.t y of

Ceast 05 A) U1° O PiRIs” b EamRAtiilng Wiyt SBl R Jhr R beaetBoue
90 to about miRfuryy nore preferably fromabout 95 to about 100 % nore

preferably still, 100 % 30 Preferably, contact |enses prepared using the
pol yrer l@orrposi tion of the invention exhibit a nodulus of fromabout 0.1 to

about 1.25 a : r o] : t Og; a, g

2011/ 055108&@[??%2%%?@8@82?&5 rr%e%@ﬁ%%&b%ﬁﬁ @8&?%"’ | %'ﬂ"?aﬁ@a‘y’?' kaey
rol e i n contprepareddy teacting paiyidimethyl sipexdriechydrideatesmiriated (PBMS)| witls ani n
addition, the on-eye perfornmance s directly effected by the nodulus. A
val ue of gr @jy'&o"(&&?&ﬁuﬁg WﬁY@hVPﬁglﬁy% YI5 corneal staining whil st
a nmodul us below 0.1 MPa is likely to lead to a lens with poor handling

properties. Preferably, contact |enses prepared using the polyner
conposi tifon Asicording itevanst eewodinenta the tpelydialkylesiloxane 1diok eorapases 90ewsi ght

% nore preferably. m t 20 to about 80 weight % nore preferably,
f rom about é@oﬁgéﬁlﬁét&r&g‘%\’@@‘ﬁ}%‘% even nore preferably, fromabout 30 to
about 70 weight % nore preferably still, from about 40 to about 70 wei ght
% The equilibriumwater content of the lens is a function of the materi al
properties 18 paticypaytheapRlydialieyl silpxangedial may sgmmfisepal hydreearbwhgtoMP and
physi cal pr ! foi p j i i
oxygen and \?ﬁ“’&%ﬁzh%{%é?&é gg‘?}é‘% \r%hﬁ?g %’ggégﬁé‘awgﬁ%lwggm bgﬁ%ﬁﬁgﬁ?g‘ of
the | en0 grouphmaprtes substitateen br amsubstituted) dypidaibc withednevidrhmoed esnealce t o
the foll ow nq on-20limti n%Ie%)‘(larrpl es, EXAMP e 1. Pr e&ar ation

LES anpl
of Silicone BARPS. ARG é’raﬂﬂﬂﬂ?éw’sth&nwdée?%fgﬁ(g\&?@hméyﬂn &8 ned

bel ow.  Pol ygHi hyl-sé | e oh ki in : ; !
Pol yet hyl ene&‘gelrr?éowor?r%ngtglélﬂyPh(%%llasar§§%l£n Agggﬁgﬁﬁdfﬁ%oﬁgjﬁ%?ﬁf)gwup S

Pl at i num( 0) -unsbatituted, 1Allernativedy t ther hydnorgthyl growx gaepsisap|ask etsiranrup. in

30xyl ene, ”ﬁ%‘@%@'ﬁ}%%g%%diﬁ%n@ tHIURYSBLALYP bloup S mprises an ester

2011/ 055108
25 group.

The hydrocarbyl group typically has a carbon backbone of 5 to 150 carbon
atoms. According to one embodiment, the hydrocarbyl group is unsubstituted
and has a carbon backbone of 1 to 10 carbon atoms, generally 1 to 5 carbon

30 atoms, typically 3 to 5 carbon atoms.



20. 050 g of pol ydi net hyl sil oxane hydride term nated was added into a
three-neck flask and placed in an oil bath. The platinum catal yst was then
added. Wwo 20hessmaper at ure of the contents was 50C, thecpaiBzetompkene

gl ycol nonoal |yl A500 (34.527 g) was ©&dded drop wi se through a syringe
needl e over 5 a period of fifty mnutes while the contents of the flask
were stirred with a magnetic stirrer. The tenperature of the reaction

m xture rose to and was nmaintained at 65C. After the addition of the

monoal |yl pAitEﬁfdﬂMéWﬁhéJl'\%ﬂﬁlegamrl‘epgﬁgi;di@)gédrﬁﬁriéé%r%‘?bﬁfél’@oﬁ@%n&@ia@taﬁ&éﬁg at

65C and the reaction was ntinue for a further 2 hours. After
this time thackhopsofifato $0 cathwnoatomsy, tyieallyi§ tal40 sathera@iemseft to cool to
anbi ent tenperature. Exanple 2: Preparation of Silicone Macromer 2780

40. 012 g of pol ydi met hyl sil oxane hydride term nated was added into a three-

neck flask Aerdordirs €slal farther eimbdahbnt, the Hydeddarbyn pl atshpiidts AmeRterdded.
15 When the tenperature of the contents was 50C, nolten pol yethyl ene gl ycol

monoal | y} AQIQHP @ng hage caibafbacikhese of Yhie 480t0arbery@tems,iypiegly 188dpe
over a periqgoq:farﬁo'ln#msv\hile the contents of the flask were stirred with
a magnetic stirrer. e reaction was continued for a further 4 hours and
the tenperature was maintained at 65 +/- 2 C. After this tine the flask was
lifted 20 oyt of the oil hath The product appeared m |l ky and solidified at
room t enper %ﬁeé?'ivé%srﬂ%&gfkqumeoq'ol\)mfaa@?l?ppl?@ Wﬁ@?&% f

based on si F“% thnmool%o 25 Pol y(et hyl ene glycol), PEG 6000
(Cariant) h}s dlghy rated under vacuumat 95 C for four hours and its
nunber &% erage nol ecul ar wei ght (Me) was deternined by end group anal ysis.

The anal ysi forded r _aver, . | ar wel ght,, = 6088. Simlarly,
{he nunber QyBiealE e ARY(SEheS R AP Dol kY Pl 8t Sl gy polibs.

pol yet hyl enacgbsding to usedeavddirmént, ithd gulydialkyl sibxdne abigpkepolddinpdthyled in
the tabl es bel ow. . 2011/ 055108PCT/ GB2010/ 002020 31 Di et hyl ene gl ycol
(DEQ), trieBhXAAiglycol (TEQ, tetraethyl ene glycol (TTEGQ, and ethyl ene
gl ycol (Al drich) were checked for their noisture content by Karl Fisher and
if the water content was < 0.035%then these materials were considered to
be subsiant iThel temant8ikiranes Macdomes £domi' € arbirtol fterrminated polydiakyl silpxane” is

ot herwi se these re hydy at ed der vacuum for _.a mni numof 2 hours at
95C US| ng 2 SFUCTY Beioalen S bRy S Wi Paiseliy ek BatViet odietHERFar at o
for 4 hours dihefhyfsiloRalte -vaguiRyiehe YBh! forfitta NOBES &R Y tHI® IdSEUMRNHOHT ent

i s achieved, typically< 0.050% 10 Using a Mettler Tol edo (AG 285)

anal ytical @xyRiepylemRA -( dmeibglsiloxgre wei pvpiopylene wexigai AG capselagiemeadded
into a quickgi | as N tehq.esili.c e 8 4. 14219)
was added tléj 'H{‘hter%ségﬁg;?‘% ask&p?ﬁ%cﬁ%gsk&mgg% g @p%ggggagﬁgwﬁ{ggg%d%r&éé#goven
at 95C Ror Hifferentimesghto %li of spbn-silbkaneBlihits DSumde agech TEBpOLGJS 88g) alwes

added to the flask and attached to.a 15 rotary evaporator wth

enper at ur o PIGE EHAMEREAH0 R Sn SORT IRE SRR EPERoIdE i, OMELHS |
rotating, imNavirR Y nfbiddutsr WREgiRr of WRolind MHOOUTEAd 4 MentBibRanéd Yoddterithss
bubbl es have di sappeared, then rotating fully to degas over - 5 ninutes.

Once degassaioumBEOL wt 3o 0DBEG L 2habavitg el maleculgh weightr ohgeoundd3200-4A80,

ol ten PG S5008 (- SRbANGDrIgH B BotRkCed kel HRFR 27, S U L el
for -5 mknuthgsighftbnatdund REDIOZRE0, P 3. forfsiloxame siftedt bPafdimdf 4555 wt

t hrough a syringe that contained the appropriate quantity. The flask was
st opper ed arid, tHRL-8dnbaying aemeleguiasdweighyeoft atounst afirAG-GI98. fangkr pen-

reduce the f i | eg. ofhis m xture was then dispensed into
| ens nol ds bS@B?lElﬁeé ﬁ@ﬁ%ﬁt ?rg?'%ggaasr%% ®osed. Separately the remaining

mat eri al was di spensed into a pre heated pol ypropyl ene cup whi ch was

db [ | id. Bot.h th | d d I I
wer o ol aced T Roveoly sovsee SLYPEaLY Bas Mo SGudbie bt Pl TLu T ng ¥

product was in the formof cast nolded | enses and fromthe pol ypropyl ene

cup was denolded by chilling in arfreezer at -80C over 30 minutes. The
| enses were plased direcyly in o%il_ebs ials csbntainin sali ng,.0H\WO
2011/ 055108PCT/ GBRe1018 2 These Y dnses™after S Phydration

appeared transparent, affording U¥ tran&m ssidh at 550 nm >95% The | enses
were al 99 used to determine the nodulus. 5 The product fromthe

pol ypropyl ene cup was granul ated using SG G anul ator (ex Shini Plastic
Technol ogies Inc.). These granules were charged into a comrerci al nol di ng
machi ne (Boy 50M and fenale parts using a standard | ens nold tool were
nol ded. These nol ded parts on hydration remai ned transparent. 10 The
granul es were also used to manufacture a few | ens shaped objects by

- o —yr - N T o . ~~ 7



33 Water content Water content is calculated after nmeasurenent of dry

wei ght and hydrated weight of a lens by using the follow ng equati on:
5Wat er Cowmpent1/05%%08= (W hydrated lens - Wdry | ens) W hydraisdiomeasoX 100
Five hydrated | enses, with excess surf8ace water renoved, are separately
wei ghed on an anal ytical bal ance and average value is taken as \Wydrated

| ens. The | enses are then dried in an oven at 75C for 2 hours and

wei ghed again 10 separately. The average value is taken as Wiry lens. %
Transmi tta”l\ﬁeﬂ%ﬂé‘l?&ﬁé&/ AifeRk R0 g it Hﬁgtﬂé‘ﬁ%cth@o%rﬁﬁﬂéﬁllﬁ | SO 8599
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different molecular weights.

25 In one preferred embodiment, the polydialkyl siloxane diol is hydroxyethoxy-
propyl terminated PDMS.

in one highly preferred embodiment, the polydialkyl siloxane diol is a
polydimethyl siloxane diol, i.e. R is methyl in formula IIl.
30



Thi ckness readi ngs for each | ens were obtained using the ET-3 Thi ckness
gauge. The |l enses were placed flat on the cutting mat and two | ong pieces
were cut woamiarsewwed the centre of the flat |ens using acraznionioacte. These
cut 5 pieces were put into saline solwtion in a sanple dish. The sanple was
| oaded on to clanps using tweezers carefully going for the top clanp first
and then the bottom The gap in between the clanps was set at 10 nmusing a
calibrated vernier caliper. Once set, the "Reset G." button was pressed to

set the GaUB@eféﬂlﬂ*]htheoémtlrh@epél?&iéhlﬂjl VaifoxaprdefihydritRe hetmitated ORSs Was set
to 0. 000N and 10 e test was started using the console controls. Table 1

shows exanpMeleaian weightfeliemyabout AeQ tPF_@QSJt 12,00¢: pven raP@epreferRbhsi - | M

conposi tion T for conpositions 4 and 5 at 550 nm was
>95% 15 Tagrf)m gﬁo#\éddﬁé {ELe?bggarrpl es of the presently clainmed PEG Si-1M

conpositions. Various rmdl fications and variations of the described aspects
of the invention 20 wll be apE{arent to those skilled in the art w thout

departing f P&@fﬂmy.s&“@p@"ﬂﬁelvg cpl hags atRelgcHiatnweight okl rempughoyt @00 to
nvention h t eferred

:am\;odl Irne*ntsasl Qﬁﬂzb Fe?%[}e un ers%gggeﬁhhfg? etélbnven |Jodrt1qa§bcl ai med shoul d
not be unduly limted to such specific enbodi nents. |ndeed, various

nodi fications of the cri ed des ying out the inventjon 5vvhich
Tre obvi ous T GRerANca PIRISTRY AIbOGIMEN LSS HoRS R PRTdR /B0 Whe

W thin the g{)‘?ﬁﬁmﬂ‘écﬁﬁ’é‘d ff%ﬁoylﬂgp&@!x?ﬁl- 1186 Xh&UPbNP@HgﬂfrﬂéC?er%nﬁ'ﬂé@r ated

sanpl e anbe do t ranspa transparent O ,-, U J......
10 (MW=580).

In another particularly preferred embodiment, the silicone macromer is 1580
which is manufactured from allyl polyglycol 500 and PDMS hydride terminated
(MW=580).
15
Similarly Carbinol (hydroxyl) terminated polydimethyl siloxanes such as
copolymers of general architecture (oxyethylene)-(dimethylsiloxane)-
(oxyethylene), (oxypropylene)-(dimethylsiloxane)-(oxypropylene) and
(carpolactone)-(dimethylsiloxane)-(carpolactone) of different molecular weights
20 and containing different non-siloxane content can be used. Any of these for

simplicity may be referred to herein as the silicone macromer.

The second step of the reaction invoives reacting the OH groups of the
polydialkyl siloxane diol, PEG and diol components with isocyanate groups to

25 form a polyurethane. The reaction of the invention proceeds with the di-
isocyanate reacting randomly with the PEG, diol and silicone macromer to form
a polymer matrix. Advantageously, the resulting polymer matrix allows high flux
of oxygen, resulting in a high DK lens.

30 Catalysts may be used to speed up the polyurethane formulation and any of
those catalysts normally used by those skilled in the art may be employed. For
example, suitable catalysts include dibutyltin difaurate, stannous octoate,
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tertiary amines such as triethylamine and the like. In one highly preferred
embodiment, the catalyst is dibutyl tin dilaurate (DBTDL).

Preferably, the catalyst is used in an amount of from about 0.02 wt % to about
1.0 wt % of the reactants, more preferably, from about 0.05 wt % to about 0.5

wt %, even more preferably, from about 0.05 wt % to about 0.2 wt %, of the
reactants.

Additional Components
In one preferred embodiment, the composition further comprises one or more
antioxidants. Suitable antioxidants include BHA (butylated hydroxyl anisole),

BHT (butylated hydroxytoluene) and ascorbic acid. Preferably, the antioxidant
is BHA.

Preferably, the antioxidant is used in an amount of about 0.01 to about 10 wt %
of the reactants, more preferably from about 0.1 to about 5 wt %, even more
preferably from about 0.2 to about 1 wt % of the reactants in any given

composition.

According to one embodment of the present invention, the antioxidant is
present at an amount of about 1.0 to about 3.0 wt % of the reactants.

in one preferred embodiment of the invention, the composition further
comprises one or more additional compaonents such as a modulus modifier,
plasticizer, humectant, lubricant, process aid, viscosity reducer, compatibility
enhancer and/or polymer matrix structure modifier. Preferably, the additional
component is present in an amount of 0 to about 20 wt %, more preferably from
about 2.5 to about 10 wt %, more preferably still, about 4 to about 6 wt % of the
reactants.

Suitable modulus madifiers include components that alter the modulus property
of the polyurethane and may also alter the oxygen permeability property. In

cn

2
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one particularly preferred embodiment, the additional component is
poly(ethylene glycol) dimethyl ether (PEG DME); which can act as a modulus
modifier, plasticizer, humectant/iubricant, process aid, viscosity reducer,
compatibility enhancer and polymer matrix structure modifier. PEG DMEs of
various molecular weights (e.g. 250, 500, 1000, 2000) are commercially
available and are suitable for use in the present invention. Preferably, for the
purposes of the present invention, the PEG DME has a molecular weight of
1000 (e.g. PEG DME-1000). As an alternative, polyethylene glycol dibutyt ether
can also be used.

Advantageously, the incorporation of PEG DME into the polymer compositions
of the invention leads to lenses having a reduced modulus. Preferably, the
modulus of lenses prepared from the polymer compositions of the invention is
from about 0.1 to about 1.2 MPa, more preferably, about 0.3 to about 0.8 MPa
even more preferably from about 0.4 to about 0.5 MPa.

In one preferred embodiment, the composition of the invention further
comprises one or more tinting agents. By way of example, suitable tinting
agents commonly used in the contact lens industry include the following:
benzene sulfonic acid, 4-(4,5-dihydro-4-((2-methoxy-5-methyl-4-((2-
(sulfooxy)ethyl)sulfonyl)phenyl)azo-3-methyl-5-oxo-1H-pyrazol-1-yl); [2-
naphthalene-sulfonic acid, 7-(acetylamino)-4-hydroxyl-3-((4-((sulfo-
oxyethyl)sulfonyl)phenyl)azo)-]; [5-((4,6-dichloro-1,3,5-triazin-2-yl)amino-4-
hydroxy-3-((1-sulfo-2-naphthalenyl)azo-2,7-naphthalene-disuifonic acid,
trisodium salt];, [copper, 29H, 31H-phthalocyaninato(2-)-N2g,N1g,N31,N3o)-
,sulfo((4((2-sulfooxy)ethyl)sulfonyl)-phenyl)amino) sulfonyl derivative]; and [2,7-
naphthalenesulfonic acid, 4-amino-5-hydroxy-3,6-bis((4-((2-
(sulfooxy)ethyl)sulfonyl) phenyl)azo)-tetrasodium salt].

Particularly preferred tinting agents for use in the present invention are
phthalocyanine pigments such as phthalocyanine blue and phthalocyanine
green, chromic-alumina-cobaltous oxide, chromium oxides, and various iron
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oxides for red, yellow, brown and black colours, chromophtal violet and
chromophtal oxide green. The use of organic pigments, particularly
phthalocyanine pigments, more particularly copper phthalocyanine pigments,
and even more particularly copper phthalocyanine blue pigment (e.g., Colour
Index Pigment Blue 15, Constitution No. 74160) is preferred. Opaquing agents
such as titanium dioxide may also be incorporated. For certain applications, a

mixture of colours may be employed for better simulation of natural iris
appearance.

in one preferred embodiment, the tinting agent is a handling tint such as
Reactive Blue 4.

Preferably, the weight percentage of the tinting agent is from about 0.0001 % to
about 0.08 %, more preferably, 0.0001 % to about 0.05 %. In one preferred
embodiment, the tinting agent is present in an amount of from about 0.005 to
0.08 wt %. In one preferred embodiment, the weight percentage of the tint is
from about 0.0001 % to about 0.04 %, more preferably, from about 0.0001 % to
about 0.03 wt % of the reactants.

In one preferred embodiment, the composition of the invention further
comprises one or more UV blockers or UV absorbers. A UV absorber may be,
for example, a strong UV absorber that exhibits relatively high absorption
values in the UV-A range of about 320-380 nanometers, but is relatively
transparent above about 380 nm. Preferably, the UV Blocker is a commercially
available UV Blocker such as AEHB (acryloxyethoxy hydroxybenzophenone;
C18H160s).

Generally speaking, a UV absorber, if present, is provided in an amount from
about 0.5 wt % to about 1.5 wt % of the reactants. Particularly preferred are
compositions which include from about 0.6 wt % to about 1.0 wt % UV
absorber, more preferably, about 1.0 wt % of the reactants.
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The tinting agent and/or UV blockers can be charged into the lenses at the lens

hydration stage post polymerisation after formation of the lenses by

injection/compression moulding. Alternatively additives (e.g. tinting agents, UV

blockers, and others) can be mixed with the molten polymer and extruded prior
5 1o pelletisation.

Process _
Another aspect of the invention relates to a process for preparing a
polyurethane xerogel, said process comprising:
10 (i) preparing a mixture comprising at least one polyethylene glycol, at least
one di -isocyanate, at least one polydialkyl siloxane diol and at least one
diol of formula |

HO\[\/\O};H

15 i
wherein n is an integer from 1 to 25, preferably 2 to 10, more preferably
2to4;
(i) reacting the mixture formed in step (i) under substantially anhydrous
conditions to form a polyurethane xerogel.
20

Preferably, the polyurethane xerogel is then prbcessed to form a molded article
such as a contact lens. Suitable processing techniques include cast molding,
injection molding, compression molding, spin cast molding and lathing.
Additionally, sheets of the polymeric material can be made and devices can be
25 punched out . The sheets of the material can be made by compressing the
thermoplastic material between two plates (eg Teflon plates) and also from the
solution of the material in an organic solvent. In the later case the solvent would

require to be evaporated.

30 Advantageously, the process of the invention involves reacting the reactants

under substantially anhydrous conditions to form a polyurethane xerogel,
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without the addition of water as a reactant. This results in a polyurethane

backbone that is substantially free from urea groups, in contrast to methods

known in the art. The absence of water (as far as practicable) prevents any

significant formation of urea groups which can cause an increase of the swollen
5 water modulus to a degree that is undesirable for contact lenses.

As used herein the term “substantially anhydrous” refers to conditions in which
the amount of water is sufficiently low so as to produce a polyurethane
backbone that is substantially free from urea groups.
10 |
Preferably, the reaction takes place with as little water as is practically
attainable. More preferably, the reaction takes place with as little water as is
practically attainable. More preferably, the amount of water in the reaction
mixture is less than about 0.3 %, more preferably less than about 0.1%, even
15 more preferably less than about 0.05 %.

A further aspect of the invention relates to a polyurethane xerogel obtainable by
the above described process.

20 Ancother aspect of the invention relates to a process for preparing a
polyurethane hydrogel, said process comprising preparing a polyurethane
xerogel as described above, and hydrating said polyurethane xerogel with an

aqueous medium to form a polyurethane hydrogel.

25 Yet another aspect of the invention relates to a polyurethane hydrogel
obtainable by the process described above.

in one preferred embodiment, a catalyst is added to the reaction mixture.
Suitable catalysts (together with guidance as to the appropriate amount) are as

30 described above. In one highly preferred embodiment, the catalyst is dibutyl tin
dilaurate (DBTDL).
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Additional components, such as modulus modifiers, plasticizers, humectants,
lubricants, process aids, viscosity reducers, tinting agents, compatibility
enhancers and/or polymer matrix structure modifiers as described above, may
also be present in the reaction mixture.

As mentioned above, the polymerisation reaction is carried out under
substantially anhydrous conditions. Preferably, the reactants are dehydrated
under vacuum to reduce the water content as far as possible. Preferably, the
reactants (e.g. the diol component and the PEG component) are dehydrated
under vacuum at elevated temperature using a rotary evaporator. More
preferably, the reactants are dehydrated under vacuum at a temperature of at
least 80 °C, more preferably at least 95 °C. Preferably, the reactants are
dehydrated under vacuum at elevated temperature for at least 1 hour, more
preferably, for at least 2 hours, even more preferably, for at least 4 hours or
more. After this dehydration step, the moisture content of the reactants as
measured by Karl Fisher is preferably < 0.050 %, more preferably, < 0.035 %.
The conditions and timing of the dehydration process will depend upon the
equipment used and the weight of material being dehydrated, generally more
material will take longer to dehydrate. Optionally other methods e.g., freeze
drying etc may also be employed to dehydrate.

In one preferred embodiment, the dehydrated diol (and optionally the
antioxidant and/or plasticiser) is placed in a beaker in the oven and the
dehydrated molten PEG is added thereto. Preferably, the required quantity of
catalyst (e.g. dibutyl tin dilaurate) is then added to the mixture and the moisture
content determined using Karl Fischer titration. Typically, the temperature is
allowed to reach to about 73° C "~ 2°C. The beaker is then transferred into a
fume hood the contents stirred thoroughly to give a homogenised mixture. The
required quantity of the di-isocyanate (e.g. Desmodur W) is then added to the
mixture and stirred until clear. The mixture is then typically dispensed into pre
heated polypropylene tubs that are sealed with lids and reacted in an oven
placed in a fume cupboard.



= = S8101A1 = S9101 Al 37 Visual appearance of hydrated sanple enbedo
| Tranparent | - | weiedsueit . | | Transparent r anbedo 1
Tr anspar ew0 2011/d55iDBanspar ent - PCT/GB2010/002020

26

In one preferred embodiment, the reaction takes place at a temperature of from

about 70 °C to about 120 °C, more preferably, from about 80 °C to about 110

°C. In one highly preferred embodiment, the reaction takes place at a
5 temperature of from about 90 °C to about 100 °C.

Preferably, the mixture is reacted for about 0.5 to about 24 hours, more
preferably, for about 3 to about 12 hours. Even more preferably, the mixture is
reacted for at least about 5 hours to about 12 hours, more preferably, for about
10 8 hours. The disappearance of the NCO absorption band at 2260 cm™in the

FTIR spectrum of the resulting product signifies that the reaction is complete.

The product is allowed to cool to ambient temperature and demolded, if
required after chilling to a reduced temperature.

15
Preferably, the product is removed from the oven and allowed to cool to

ambient temperature.

In one preferred embodiment, the product is cooled to a temperature of from
20 about -30 °C to about -120 °C prior to removing the product from the mold.

Preferably, the product is chilled in a freezer. More preferably, still, the product
is chilled to a temperature of from about -50 °C to about -90 °C, even more
preferably from abaout -60 °C to about -90 °C. More preferably still, the product

25  is chilled to a temperature of about -80°C. Preferably, the product is chilled for
at least 20 minutes, more preferably, at least 60 minutes.

Advantageously, the cooling process allows the polymer chains to attain a
temperature below the glass transition that shrinks the polymer matrix/ material
30 and reduces the interaction at the interface which enhances the demolding of
the product. This also facilitates/eases the subsequent granulation of the
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material that produces granules suitable for feeding into an injection moulding
machine.

Yet another aspect relates to the use of a polyurethane xerogel or polyurethane
5 hydrogel according to the invention in the preparation of a contact lens.

Process for preparing a molded article
Another aspect of the invention relates to a process for preparing a
polyurethane xerogel in the form of a molded article, said process comprising
10  the steps of:
) preparing a reaction mixture comprising at least one polyethylene glycol,
at least one di-isocyanate, at least one polydialkyl! siloxane diol and at
least one diol of formula |

HO\[\/\O}:H

15

wherein n is an integer from 1 to 25, preferably 2 to 10, more preferably
2to4;

20 (i) reacting the reaction mixture formed in step (i) under substantially
anhydrous conditions to form a polyurethane xerogel; and

(i)  injection molding the polyurethane xerogel to form a molded article.

In one preferred embodiment, the polyurethane xerogel formed in step (i) is
25 granulated by grinding or the formation of pellets (typically by extruding and
chopping to forms pellets suitable for injection moulding), and optionally dried
under vacuum, prior to injection molding. The injection molding preferably takes
place using conventional injection molding apparatus (such as a BOY 50M),
that will be familiar to one of ordinary skill in the art.
30
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A further aspect of the invention relates to a process for preparing a
polyurethane hydrogel in the form of a molded article said process comprising
preparing a polyurethane xerogel in the form of a moided article as described

above, and hydrating said molded article with an aqueous medium to form a
polyurethane hydrogel.

Article of manufacture

Another aspect of the invention relates to an article of manufacture comprising
a polymer as described above.

Preferably, the article of manufacture is in the form of a contact lens.

A contact lens must be permeable to oxygen in order for the lens to facilitate
normal corneal metabolism. Preferably, contact lenses prepared using the
polymer composition of the invention exhibit a DK value of a least 10 Barrers
more preferably, at least 20, even more preferably, at least 30 Barrers. More

preferably still, the lenses have a DK of at least about 40 Barrers or more.

in one preferred embodiment, the ienses have a DK of about 15 to about 40
Barrers more preferably, from about 25 to about 40 Barrers.

A contact lens must be able to transmit light in the visible region in order to
function effectively in correcting visual defects. Preferably, contact lenses
prepared using the polymer composition of the invention exhibit a light
transmissibility of at least 80 %, more preferably at least 90 %, even more
preferably, at least 95 % or 97 %. Preferably, the light transmissibility is from
about 90 to about 100 %, more preferably from about 95 to about 100 %, more
preferably still, 100 %.

Preferably, contact lenses prepared using the polymer composition of the
invention exhibit a modulus of from about 0.1 to about 1.25 MPa, more
preferably from about 0.25 to about 0.75 MPa.
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The modulus of a contact lens plays a key role in controlling the mechanical
properties of a soft contact lens. In addition, the on-eye performance is directly
effected by the modulus. A value of greater than 1.25 MPa is likely to cause
corneal staining whilst a modulus below 0.1 MPa is likely to lead to a lens with
poor handling properties.

Preferably, contact lenses prepared using the polymer composition of the
invention have a water content of 10 to about 90 weight %, more preferably,
from about 20 to about 80 weight %, more preferably, from about 25 to about
75 weight %, even more preferably, from about 30 to about 70 weight %, more
preferably still, from about 40 to about 70 weight %.

The equilibrium water content of the lens is a function of the material properties
and plays a key role in determining the bulk, mechanical and physical
properties of the lens. Water provides the medium to transmit oxygen and with

the modulus governs the on eye properties/ performance of the lens.

The present invention is further described with reference to the following non-

limiting examples.
EXAMPLES

Example 1: Preparation of Silicone Macromer 1580

The components and actual weights are defined below:

e Polydimethylsiloxane hydride terminated (Aldrich 423785)

e Polyethylene glycol monoallyl (Polyglycol A500 & A1100 Clariant)

* Platinum(0)-1,3-divinyl-1,1,3,3-tetramethyldisiloxane complex solution in
xylene, Pt ~2% (Aldrich 479519) (platinum catalyst)
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20.050 g of polydimethyisiloxane hydride terminated was added into a three-
neck flask and placed in an oil bath. The platinum catalyst was then added.
When the temperature of the contents was 50°C, the polyethylene glycol
monoallyl A500 (34.527 g) was added drop wise through a syringe needle over
a period of fifty minutes while the contents of the flask were stirred with a
magnetic stirrer. The temperature of the reaction mixture rose to and was
maintained at 65°C. After the addition of the monoallyl polyethylene glycol the
reaction temperature was maintained at 65°C and the reaction was allowed to
continue for a further 2 hours. After this time the flask was lifted out of the oil
bath and left to cool to ambient temperature.

Example 2: Preparation of Silicone Macromer 2780

40.012 g of polydimethylsiloxane hydride terminated was added into a three-
neck flask and placed in an oil bath. The platinum catalyst was then added.
When the temperature of the conténts was 50°C, molten polyethylene glycol
monoallyl A1100 (151.692 g) was added dropwise thraugh a syringe needle
over a period of ~1 hour while the contents of the flask were stirred with a
magnetic stirrer. The reaction was continued for a further 4 hours and the
temperature was maintained at 65 +/- 2 °C. After this time the flask was lifted
out of the oil bath. The product appeared milky and solidified at room
temperature.

Example 3: Method of Manufacturing PFG-Si IM polymers based on
silicone macromer 1580

Poly(ethylene glycol), PEG 6000 (Clariant) was dehydrated under vacuum at
95° C for four hours and its number average molecular weight (M.) was
determined by end group analysis. The analysis afforded number average
molecular weight, M,= 6088. Similarly, the number average molecular weights
were determined for the other polyethylene glycols used and referred here in
the examples displayed in the tables below.
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Diethylene glycol (DEG), triethylene glycol (TEG), tetraethylene glycol (TTEG),
and ethylene glycol (Aldrich) were checked for their moisture content by Karl
Fisher and if the water content was < 0.035% then these materials were
considered to be substantially anhydrous and used without further dehydration,

5 otherwise these were dehydrated under vacuum for a minimum of 2 hours at
95°C using a rotary evaporator. PEG 3350(M,-3350) ex Cariant was
dehydrated for 4 hours at 95°C under vacuum or until thé low level of moisture
content is achieved,typically< 0.050%.

10 Using a Metiler Toledo (AG 285) analytical balance BHA (0.1836g) was
weighed in a weighing boat and added into a quickfit 250 ml flask and then the
silicone macromer 1580 (14.1421g) was added to the same flask. The flask
was stoppered and placed in an oven at 95°C for 15 minutes to dissolve the
BHA. Dehydrated TEG (16.186g) was added to the flask and attached to a

15 rotary evaporator with a bath temperature of 95°C and the contents of the flask
were degassed, carefully rotating, initially giving one or two tumns, until the
majority of the bubbles have disappeared, then rotating fully to degas over ~ 5
minutes. Once degassed, DBTDL (0.0576g) was added through a syringe and
a fine needle and mixed by swirling the contents of the flask. Dehydrated

20 molten PEG 3350 (30.48qg) was added to the flask which was degassed again
for ~5 minutes. Finally, Desmodur W (33.316g) was added to the flask through
a syringe that contained the appropriate quantity. The flask was stoppered and
the contents were mixed by gently rotating the flask to reduce the formation of
bubbles.

25
This mixture was then dispensed into lens molds by the usual method and
closed. Separately the remaining material was dispensed into a pre heated
polypropylene cup which was covered by a screw cap lid. Both the lens molds
and the polypropylene cup were placed in an oven at 95°C and reacted for 5

30 hours. The resulting product was in the form of cast molded lenses and from
the polypropylene cup was demolded by chilling in a freezer at -80°C over 30
minutes. The lenses were placed directly into glass vials containing saline.
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These lenses after 24 hours of hydration appeared transparent, affording UV

transmission at 550 nm >95%. The le_nses were also used to determine the
modulus.

5 The product from the polypropylene cup was granulated using SG Granulator
(ex Shini Plastic Technologies Inc.). These granules were charged into a
commercial molding machine (Boy 50M) and female parts using a standard
lens mold tool were molded. These molded parts on hydration remained
transparent.

10
The granules were also used to manufacture a few lens shaped objects by

compression molding. These lens like objects were used to determine the DK of
the material.

15 These results prove the thermoplasticity of the material. The water content of

the molded part was also determined.

Example 4

The same method as described above was used to manufacture this
20  composition except the amounts of the reactants varied according to the values

given in the Table 1.

The lens product after hydration appeared transparent affording UV

transmission at 550 nm >95% .

25 The product from the polypropylene cup was also subjected to the molding
cycle and successfully molded the part. These results confirm the
thermoplasticity of the material. The material was also used to manufacture
lens like objects by the compression molding that were used to determine the
properties of the material reported.
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Water content

Water content is calculated after measurement of dry weight and hydrated
weight of a lens by using the following equation:

S Water Content (%) = (W hydrated lens = W dry lens) / W hydrated lens X 100

Five hydrated lenses, with excess surface water removed, are separately

weighed on an analytical balance and average value is taken as Whydrated tens.

The lenses are then dried in an oven at 75°C for 2 hours and weighed again
10 separately. The average value is taken as Wy tens.

% Transmittance

% Transmittance was determined under the guidance of ISO 8599 by using a

double beam UV spectrophotometer (Jasco V530). A lens is placed into a
15  cuvette containing standard saline solution. The cuvette is placed in the sample

compartment. A matching cuvette containing saline is placed in the reference

compartment of the UV spectrophotometer and a spectrum as percent

transmittance was recorded between 200-780nm. The test was repeated a

further four times and the mean value (% fransmittance) at 550nm was
20 recorded.

The contact lenses thus produced can be steam sterilised by a conventional
method or may be sterilised by other methods including UV sterilisation
technique.

25
DK Measurement
DK Measurement (i.e., oxygen permeability) was carried out by the
polarographic technique as briefly described below:

30 Ten lenses were placed into the Gallenkamp incubator set at 35 +/-0.5 ° C for
24 hours. The centre thickness (CT) of each of the ten lenses were measured
by Rehder ET-3 Electronic Thickness Gauge and these lenses were stacked
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as follows: A single lens stack, two lens stack, three lens stack, and four lens
stack. The CT of each stack was measured three times and a mean value for
each was calculated and fed into a spread sheet specifically developed for the
method. Also recorded was the atmospheric pressure into the spread sheet.

5 The stack of lenses were replaced into the incubator set at 35 +/-0.5 ° C and
humidity > 98%.

Each stack was separately placed on to the electrode (Rehder Permeometer
with 8.7 mm electrode) ensuring that there are no bubbles entrapped between

10 the lenses and the electrode. When the current reached its lowest point the
reading was recorded in the relevant section of the spead sheet. This test was
repeated for all the stacks.

The dark current reading (background) of the measurement system, when no
15 oxygen is able to pass through to the electrode, was recorded and subtracted

from all test material current values. Data was analysed taking into

consideration the partial pressure of oxygen and the surface area of the

polarographic sensor used and finally corrected for the edge effect. A graph of

Dk/t corr verses thickness (cm) was then plotted and the inverse of the gradient
20 of the best fit taken to represent the permeability (DK) of the lens material.

Modulus Data
Modulus data was measured for contact lenses prepared in accordance with

the invention by tensile testing using the Instron 5842 Tensile testing system
25  with Merlin Software.

Correlation to Standards/Regulation: 1SO 9001:2008 (Quality Standards: Par

7.6; ISO 13485:2003 Medical Device Directive: Par 7.6; FDA Part 820 QS

Regulation Subpart G: Control of inspection, monitoring and test equipment
30 820.72.
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Sample Preparation

Thickness readings for each lens were obtained using the ET-3 Thickness
gauge. The lenses were placed flat on the cutting mat and two long pieces were
cut from around the centre of the flat lens using a razor blade. These cut
pieces were put into saline solution in a sample dish. The sample was loaded
on to clamps using tweezers carefully going for the top clamp first and then the
bottom. The gap in between the clamps was set at 10 mm using a calibrated
vernier caliper. Once set, the “Reset GL" button was pressed to set the Gauge
Length”. Once the sample was loaded, the balance load was set to 0.000N and
the test was started using the console controls.

Table 1 shows examples of the presently claimed PEG Si-injection molded
(PEG Si-IM) compositions. The UV transmission for compositions 4 and 5 at
550 nm was >95%.

Table 2 shows further examples of the presently claimed PEG Si-iM
compositions.

Various modifications and variations of the described aspects of the invention
will be apparent to those skilled in the art without departing from the scope and
spirit of the invention. Although the invention has been described in connection
with specific preferred embodiments, it should be understood that the invention
as claimed should not be unduly limited to such specific embodiments. Indeed,
various modifications of the described modes of carrying out the invention
which are obvious to those skilled in the relevant fields are intended to be within
the scope of the following claims.

L11
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CLAIMS
1. A polyurethane xerogel prepared from a mixture comprising:

(a) atleast one polyethylene glycol;

(b)  atleast one di-isocyanate;

(c) at least one polydialkyl siloxane diol; and
(d) atleast one diol of formula 1

HO\{\/\O};*_l

|
wherein n is an integer from 1 to 25;
wherein the polyethylene glycol, di-isocyanate, polydialky! siloxane diol and
diol are reacted under substantially anhydrous conditions.

2. A polyurethane xerogel according to claim 1 wherein the di-isocyanate
is an aliphatic di-isocyanate.

3. A polyurethane xerogel according to claim 1 or claim 2 wherein the di-
isocyanate is of the formula OCN-R;-NCO, wherein Ry is a linear or branched
Cs-Cqg-alkylene, a C3-Cs-cycloalkylene, a C;-Cg-cycloalkylene-C4-Cgs-alkylene,
a Cs-Cs-cycloalkylene-C4-Cg-alkylene-C3-Cs-cycloalkylene or a C4-Cg-alkylene-
C3-Cs-cyclo-alkylene-C4-Cg-alkylene.

4. A polyurethane xerogel according to any preceding claim wherein the
di-isocyanate is methylene bis(4-cyclohexyl isocyanate) (Desmodur W).

5. A polyurethane xerogel according to any preceding claim wherein the
diol is triethylene glycol (TEG).

6. A polyurethane xerogel according to any one of claims 1 to 4 wherein
the diol is diethylene glycol (DEG).
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7. A polyurethane xerogel according to any one of claims 1 to 4 wherein

the diol is according to formula | and n is an integer from 2 to 25.

8. A polyurethane xerogel according to any one of claims 1 to 4 wherein
the diol is tetraethylene glycol (TTEG).

9. A polymer according to any preceding claim wherein the polydialkyl
siloxane diol is carbinol terminated.

10. A polymer according to claim 9 wherein the polydialkyl siloxane diol is
of formula V,

R R
|

i——o«P-%Ri—o—k»ia——\/\Fo /\/]p/o“

Formula V

I
07p |

R

where R is alkyl, p is an integer from 1 to 110 and x is an integer from 1 to
324.

11. A polymer according to claim 10 wherein the polydialkyl siloxane diol of
formula V is prepared by reacting a polydialkyl siloxane hydride terminated of
formula Il with an allyl polyglycol of formula IV

T 1 1
OH
H~—-Si—o~+—35~o—]——51——ﬁ + w /\/}/
| | * 0 e
R R R

Formula [l l Formula IV

Pl o h |
HO\[\/\ /]/\/——~Si—0—[—5i—0+5i*—\/\[\ /\J/OH
(o} | | * 0 P
R R R
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1. A pol ywethamsswer ogel prepared froma m xture conpri CmgGB20R)002A020| east
one pol yethyl ene glycol; (b) at |east40one di-isocyanate; (c) at |east one
pol ydi al kyl siloxane diol; and (d) at |east one diol of formula I

Formula V

12. A polymer according to claim 9 wherein the polydialky! siloxane diol is of
Formula Vi:

o R R R o
ol 1l Ji
HO\{(cm )AJ\O/};Y —E"o_{_i‘—o'};s"'— Y\Fo | (CHZ‘ZﬂfOH
R .

where R represents a small alky! group, typically methyl, Y represents an alkyi
group, p is an integer from 1 to 110, x is an integer from 1 to 324 and A is an
integer from 1 to 25.

13. A polyurethane xerogel according to any preceding claim which further
comprises one or more antioxidants, more preferably, BHA (butylated hydroxy!
anisole).

14. A polyurethane xerogel as claimed in claim 13 wherein the mixture
comprises 1 to 3 wt% antioxidant.

15. A polyurethane xerogel as claimed in any preceding claim wherein the
mixture further comprises a catalyst.

16. A polyurethane xerogel as claimed in claim 15 wherein the catalyst is a
transition metal catalyst, such as tin, zinc, bismuth and zirconium catalysts, an
amine or polyamine.

17. A polyurethane xerogel as claimed in claim 16 wherein the catalyst is
selected from dibutyltin dilaurate, FeCl;, stannous octoate, triethylamine,
preferably dibutyl tin dilaurate (DBTDL).

18. A polyurethane xerogel according to any preceding claim which further
comprises one or more tinting agents, more preferably, Reactive Blue 4.
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12. A polymer according to claim9 wherein the polydial kyl siloxane diol is
of Formula Vb3 A process for preparing a polyurethane xerogel, said process

comprising:
() preparing a mixture comprising at least one polyethylene glycol, at least
one di -isocyanate, at least one polydialkyl siloxane diol and at least

one diol of formula |,

HO\[\/\OkH

|
wherein n is an integer from 1 to 25;
(i) reacting the mixture formed in step (i) under substantially anhydrous

conditions to form a polyurethane xerogel.
23. A polyurethane xerogel abtainable by the process of claim 22.

24. A process for preparing a polyurethane hydrogel, said process
comprising preparing a polyurethane xerogel according to claim 22, and
hydrating said polyurethane xerogel with an aqueous medium to form a

polyurethane hydrogel.
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preparing a m xture conprising at |eadf onecdgfiethylene gl ycol, at |east
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the process of claim?24. 26. A process for preparing a polyurethane

xerogel in the formof a nolded article, said process conprising the steps
of : 27. A process according to claim 26 where the polyurethane xerogel formed

in step (ii) is granulated prior to injection molding.

28. A process according to either one of claims 26 and 27 wherein step (iii)
takes place in a mold and after step (iii), the mold is cooled to a

(4] ¢}
temperature of from about -30 C to about -120 C prior to removing the
contact lens from the mold.

29. A process for preparing a polyurethane hydrogel in the fom of a
molded article, said process comprising preparing a polyurethane xerogel in
the form of a molded article according to any one of claims 26 to 28, and
hydrating said molded article with an aqueous medium to form a polyurethane

hydrogel.

30. A process according to any one of claims 26 to 29 wherein the molded

article is a contact lens.



(i)preparing a reaction m xture conprising at |east one pol yethyl ene
glycol, at |east one di-isocyanate, at |east one polydial kyl siloxane diol
and at | e¥o20uA8SHWBol of fornmula | 110 1", ,H Or WRE(E2A10/02®R0aN
integer from1l to 25; (ii) reacting t¥e reaction mixture forned in step (i)
under substantially anhydrous conditions to form a pol yurethane xerogel;
and (iii) injection nolding the polyurethane xerogel to forma nol ded
article. 27. A process according to claim26 where the pol yurethane
xerogel formed in step (ii) is granulated prior to injection nolding. 28. A
process according to either one of clains 26 and 27 wherein step (iii)

takes place Bh a Anlatticlecdbfahamufastued domprising Aolréthahecstbgel accordifg
tenperature of from about -30C to about -120C prior to renovi ngathe cont act

| ens from t o A ane opglaims Iy 9cd or £lim BFd 958 PRy wegnauhydrraakasspadiogel i n

the formof @ Agiged in‘rcHiﬁ:'?\? sai d process conprising preparing a
pol yur et hane xerogel 1Tn the Tformof a nolded article according to any one

of clains 26 to 28, and hydrating said nolded article with an aqueous
mediumto fo a pol yur.et hane rogel . - WO 2011/ 055108PCT/ GB2010/ 002020 43
31. An arti c{sg] of'RPrﬁ’)r/Wﬁlﬁé{’)m%m%&HF‘?géF‘F@dﬁ'gp‘SI o8 hayich is ipdbe ek 6f 8i ng
to any one ofomtheiiBRsl to 20 or claim 23, or a polyurethane hydrogel

according to claim?21 or claim25. 32. An article of manufacture according
to claim31l which is in the formof a contact lens. 33. Use of a

pol yur et hane,xer ogel cording to any one of clains 1 to or ¢l aim 23, or

a pol yur et haﬁé' hyggﬁ&i% %QJXWFg'fq{be 1(?{\69?@?%%&'"8&0@"% 9ﬂezgf2‘i9ﬂ"'@§1i 620 or

preparation ghird 2301 acpolyeéRihane hydrogel according to claim 21 or claim 25 in the
preparation of a contact lens.



