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; abcde3eX, 6TXmAD 02/ 36669 PCT/ US01/ 47536 SOLVENTS USEFUL | N THE
PREPARATI ON OF POLYMERS CONTAI NI NG HYDROPHI LI C AND HYDROPHOBI C MONOVERS .
RELATED A¥@W2/@%$9 ONS Thi s patent application clainms prioriPCF/USOb#HISE6

provi si onal patent application, U'S. Serial No. 60I245,518, which was fil ed

ol vent s SQIVERES USEGUEIN THERRERA %@)@Iﬂ* PORVERRS EANERNNG ooni 11 ¢
are polymers that CoNPE o BT R Gy S ronomar <. wher

t hese polyners are used to produce contact |enses, these | enses have high
oxygen perneability, good vvegtﬁg\ Ly onfort. Contact |enses
produced fromsilicone hydro tFT[é A{R}%ﬂgﬁgﬁ@%de by the follow ng
procedure. A nipisyy &eﬂfaﬂﬂi@éﬁ&?bidlﬁns%?%rl(t}yﬁbmpé‘ﬁm\ﬁs@ﬁal%@tbﬁt as well as

ot her conponents i's placed in cured wth light. After
curing, tapplicatiensy.SvBerfal Nen®i0i248,048hetichovas filedron N@verrthar 3¢@00@. or the

back curve of the nold, are with a suitable solvent.
Typi cal Iy isopropanol, wat er#mgﬁﬁﬁglﬂ\rf@ﬁ eof are used. After

rel ease, the |?ﬁ§ﬂﬁvé{t@n%ldté§l&§owlehfs whichRay béﬁfye@rtocé)&ﬁfct byATErS

sol vents to renove unreacted hydrophobi c nononers. Typically thése | enses

are ext r atheé arevmadenehinelsophitic aydétydr@hqm meonNoMmeIBr opanol , or et hanol . For
water imm scible solvents, those solvents are renpved by evaporation/drying
prior to equilibration into aqueous solutions. For water m scible solvents,

the | enses are eqw | bram}(@m@nmeggsrﬁ@lmvENTﬁoNEqw libration into
aqueous solution will renove any remaining solvent, unreacted hydrophillic

mononers, and Biligpae bydraalsarcBolymers that contain boih bydiashilicnandy th t hi s

o ocear bbb B, FRERNREE s 8 He YpaPtatBR0E Bl . |
that danagpgesapeby Jens%smameﬁl .ox§gen permbubilityy gobdcvettdlsig| anthgved! i i ted
solubility in mxtures of alco and water, as well as sone organic

sol vents. Camigrbfore to WO 02/ 36G69 PCT/ USOl/ ~7536 extract those

nonomers | ense [Wa%:t i . nts and
often the sol vgn nué?ﬁeggﬁﬁ % fr%lgilslécg{regﬁ;é&? éapro q&ﬁ@g\?\i@nﬁg%}garl ng
| enses onthe followingt provedure!. eAmlgtUreofhgdmphllnccamjahymbpbobmnoaombrsil sposi ng
of |arge quantltle of used solvents. ddition, due to Ihﬁgl ow flash 5

poi nts of a8 Mellas QBRE compPRaNts s le'[‘ﬁqde'ﬁtq "§§B‘Eﬂd gured with dghts o vent s
present s Al biaRREASWEIYhln AHBRNEARBHAKFIE O G by Bid Um ' eps

require t use gleous solvents, suc dei onl zed water, buffer
sol uti onsbaslabmwe cs‘cblhelmajdl,sareaenmwwrbspeadckamrgg withua oitable\wobrenttenses t hat

have been_extracted w th al cohols and/ anic solyents are directly
10" Er anet LVPEAN tsobuneh gE ot o BBinafonS el AEE Lised dATRRsRERE: ok of
damagi ng {{eFeh88s aflExtractb 8 VittPalcaRolsi dnd/@f oth¥Eblgadiic s6KeRR toeinGve wel | as
the fragility of the resulting polyner. Therefore, there remains an unnet

need for wuniggctesbthydrophokiessememers. eﬁym@awegeﬂmew@r@gmed)mthor nor e

Chat  neodhCHEm TERvBEe ARy 3rRaS, ROERAER A BerIRTRERA nol taes o

net hod of s@vehieCtHoze soivais Bee YerRboed By RIVapordiohydlyimgemdrctoand hydrophilic
nmononers, where the nmethod 20 conprises, consists essentially of, or

consi sts eauilib@tiondpie aﬁuqq@eﬁqlW@n%eFQruﬁ@@r pussibier salvemsathedensest i ng

| vent N
oL ot B RnES BEAE S SoRREKED EiEPaTRARYS SfluBbuZ SRR |5,
Par arreter?mmélan y rdraainimg sslvent, %rémted Hydrophillic n(c(rmgneﬂscandmyncdtgne(rj +
2.5] t t P = t P
ol yirer £ lenbesHoeuer. dae BE pORIGSDS MBS ROFRURE. (or 1) D = About
[ (err)Deured pPIr hefi tﬁe%né& aredéledseqrdsing ch%ﬂopﬁf' ¥I'@$8hor/w§te(?] As used

herein, "cured yners" include but are not - [imted to polyners containing
hydr ophob'rrttxtar&$ Iﬂyejle@plas Iswelirto rolerebwheneda a‘rgglls lensd that damageszeaamr ogel s

where siljcone hydragels are the preferred rtlcularly
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2 WO 02/36669 PCT/USQOL/.t7536 5,965,631; US Pat. App. Serial Nos.

091 532, 943; 091652/817; and 091 957, 299. These patents and patent

appl i cat ivw092/36669 her eby i ncorporated by reference for thePEHNOYH#TBON
preparation, and treatnment of the polyners contained therein. In addition,

cuch an poREA P METRRRT sl OB o8 bR BERHA g pollfEC B inelse, 02! ' "9
pol yNer s seiReplisSarPoRsh the sbifenBanusth@Reatelis THis presdntOprobléme wiser . No.

091921, 192 which is incorporated by reference in Its entirety. Al cured
pol ymer s pfepatiagilensas opa praguslion seate duerdodhe epvirpamental goscamsdeli ces

Mot hods. ot R8s o HGeLTlan b HEBsbd soRRhB R Al e TRl | o oo
limteg tpoifed of the, soNdrits dhictPard elimémtty usdt; Heatiny thosweeiventsef ers to the
bui l di ng units (backbones, pendant groups and crosslinkers) that are

coval ent | prasenttiadditional hazerder Figallki thetfinal bydiationfeauiifbriuie staRsed pol yner .
Typi cal h i i L

e T GBRIRS ST, SehBpLY BBHs, B BB bl

mononet hasshutiony,mating Isolutiomsnet ethep pagkingesdivtionis| dXher I¢HseikEt havand
silicone macroners as described in U S. Pats., 5,998, 498,; 6,%?7,415; US Pat.
App. Ser i Beengtragigdyith glegholsansion meny Oaaamwpg@ﬂ,t%;ﬁ dirgelYophi | i ¢

NONONEY S | t4 o, L @ 2V iBhaL8EAf o iy 20
NN o e rteei190F aipons Shiufng dnlie S BuGtBhafREof daltEgls)

met hacr yl the lend daertplthe vadablitity ofi swell dicthepulymercay Waeth aethe fragilityafy| anmi de,
vi nyl carhonate _and vi nyl carbamate nonomers which are disclosed in U S
Pat . No. BeresUlg Pol®ebxazol one monomers which are disclosed in U S. Pat.
No 4,910, 277. Fhbrdtbd fE8lre BA'AIG (Hed B THUHoRCSY RBEadsig DY
reference in 25 their entirety. e cured polyners may contaln ot her

hy dr ophobcureginpbliinersofhiat biddressep anentrsmorshotthei probletes descrivad albove.i ni t ed
to weiting, agents. and the like.. Al thoygh those conponents nmay be extracted
by th ex?Pﬁg'ﬂY 'ogdfj%&ﬂs?d&‘ﬁr?‘ﬂén?ﬂt\?gﬁﬁ %?ﬁds'it is preferred that those
agents are not extracted by the extracting solvents of the invention. 30

When the cured polyners are hydrogel s those 1pol yners have the property that
t hey can absorb wat eDETALEHBESRGRIBTION OfreldblINVENTION cal |y cured

pol ymers are treat.ed th a solvent to.r ve.any un conponents (ca.
nonomner s) macrg- rlgvert %@F' g&mgtl&%oﬁ%ﬁg%c&ﬁgnqq%&?ﬁyrﬁgrs WO 02/ 36G69
PCT/ USO11cdimprsivg iyiRophsbit aRatifdrdphilic Aiondenss Uwhed the wiethad or der to
hydrate the hydrogel. However, depending upon the solvent that was used to

r enpv20 t heonprisas tasmsistsrpeseitially afher gansigts f theasteps of tgativgthecurd carri ed
t di At Wi £ 1 ach| le,
cur ed po PRl 5 BRrEEHg Yolvtnt WherenRia bRfacid Elient@hoff P! © @

equi | i br akrrshsuredat 26 °@i t hout distorting the final polymer. Typically this
problemis solved by treating the extracted 'éq a series of

ol ymer w
di fferent sol véhswallsithe cup peivmrfaanééegtg% abpuid®h ep. One of the

penefits of ' N HAWABHSAN SR ParReics WithiP e/ fligesadte extract ed using

sone of the extriacting solvents is 1tnvention, 10 the polyners may be

direc23y equili brgH ecdabout (SHigUeQHs 28] to abostdslal.cl y,.af-8eB) extraction
w t hout using the step down procedure descri bed above.. Extracti ng sol utions

of the invention &hzabeaYy BRbiiswas +dhbhigeabort 3R aedpustneraft Olddd |inited to
Lhe e ; Ukired

known extract i ng DR AL drecamsd 251 BaBRl Pamsmim A bost “of the extra

15 steps. As upgq,dediedrBid, h&r@ﬂ%dflyrﬁér@irfdhﬁ@@'bﬁ?éhé%t linflitéd fPpdIgitfers s the

percentage increase in diameter of” a cured polyner and may be cal cul ated by

. t he ei t heconffaining hiydidphwbitand hydiaphiisvmponomers hydrogele anddmsilicameer i n

" aaiibouBvdGe hpre FlSy niBERl e Badi RS b g paBREtyTT

- about 50%prdfefba P iiersadrelicqlfilcenabdotrafodn and baafilceon #f. eTiadl y, about 25

to about 35% In addition) the extracting solvents of the invention nust
have cer t 6PFPRsitinas & rerteraniative pobunerseare disclosaibinUd PalpNosnd sp. Those

paranet er g s4{000; 5,998,498; 6,087,415; 5,760,100; 5,776,999; 5,789, 461 5,849,811;
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within the follow ng ranges 8H = about [(err)Hcured polymer + 2.5] to about
[ (err)Hcured polynmer -8.5] 8P = about [(err)Pcured polynmer + 0.5] to about
[ (err) Pcwed2pabsyner -4.0] and 8D = about [(err)Dcured polPEHARSOWTEIG] to
about [(err)Dcured polyner -2.0] 30 where (err)Hcured polyners, (err)Pcured

Dubat ant 15069.63 - WSS BA AR, Mol R aoRRo i o kbt b olBia 404 vo
021 35659 LUl S 1535 RARBBIERins rbiFiice tochBy afeFERAT €55

2000, and onputer program for the cal cul ations. For exanple,

i f a cur ddr {iel gompobitien pr&panatien, and jreatmenit afths poimeérd, cartainedd pol yner of
6.1 MPal/2, and (err)Dcured polymer 16 5 MPal/ 2. the. Hansen values of 5

* appr opr i éﬁ%reé‘}t ﬂé@gpﬁ'ﬁnsﬁ'l"@@fﬂ‘gy@%'s @leéﬂo}gn?@ thebare ?Lgf"?teglyv' out 2 to

about s6. %yo‘é?ﬁlaﬁ@c@ﬁﬁﬁ stiéh s pRhaRMIc ddd OHENPEaRd ?ﬁ@ﬁlﬁ@.d MOthe S bf

fon
solvents i'n e but e not 'imted to solvents of Formula | R-O[CH2
CH( R3) - Ol coaidglsuohhgolgimersRare distlpded drebl.S (Ra6 &,081,41TanddV) 1Sy IRsdr Bppy | |

' b - |, . bst. tyted _ph l. t.h h I
ubst | ¢ et Na- %L B2 GHcr e haprparter i resreney i I EPEreo ANENY o 1
hydr ogen, pdim@nd b ine ifbeRfdriinayasdRiitled iAfY 20RATHAE UsefubdBiceBamith of
substituted phenyl where the phenyl substituents are Cl-6al kyl, Cl-6al koxy,

ani no, niinelodedutieae ot limitad to sontagt tenses and iptraroulapleases, Methods of

wier 8% ndSRRER Foid IR R 8ot A O g3 OGN o
or hal ogediittimgdorattind.- 10. The preferred Rl is selected fromthe group

consi sting of” Cl-6al Kyl and Cl-6al kyl carbonyl, ~where the nore preferred Rl
i s sel ected frbhetersn gnenpmesrefersitd ghe builling anits (backhonesepgadantul arl y

f d Rl i hyl g T ' f -
onsi st rigo0pS BIEPRYINkER Bat B oAy RS GRS el By o
i s sel ect@fidtiof the dired polyams Stypisal blyddpHobliksioneniars yhclude dut bee
particularly preferred R2 is acetyl or h%drogen. Thee%[qgf%,re)rred R3 is

sel ecltSed ﬂqtﬁmit%t%ﬂﬁﬂi@%ﬂﬁﬁﬁpph ig{trircathyisilRyy)silange kyl car bonyl where

hyar ogen. iRt foxprduy Rfmbiated Bofidinuifbibiaht EhEDMSH andr T o, T 1

o 2 ettt S ik

e ik cofalV il e Sord o el B o s
méﬁéﬁmeﬁls mﬁsgb#e &thifited o @pg%dr}ty%fbgdshw%vm y

propyl ene glyco ther acetate, ne gl'ycol ‘net hyl ether

aCﬁt aroe, INMdyh?ﬂwI@drylaMi?@(“ﬁlMM)I ZmeyaﬂhpnnTihbenhitgl(%IdEMﬁg),pr ;)pyl )

et her, tripro ne cal - n- but) t her ropyl.ene cal - n-but yl. ether,
i pr opy1 cRBUIGG and BEOG a5idl: vt Retaihs SBVEIAESy Beharrgtayls dind,
tripropyl &48o8b¥Shd Yl EAbanfitd ondther WRIRR b istiogdtripyl. S tH No.,

di propyl ene ‘gl ycol di methyl ether, propyl acetate, and nethyl isobutyl

ket one. ThO7P#15, andaoxazolnnef mpnemess whigh areydiselpsed i UapPaUNE acet at e,
di propyl e I I hy| N | t hyl
ot her Pt ok 1B P AT Bl et fia RRR fre FRDY mkRP R Ae S R ilodTR' o1 o
net hyls etipelr dntifdly. B ciifiedtpolanetswia§ontdin ol hydropldisic and
hydrophilic components, which include but are not limited to wetting agents and

the like. Although those components may be extracted by the extracting
solvents of the invention, it is preferred that those agents are not extracted by
the extracting solvents of the invention.

30 When the cured polymers are hydrogels those polymers have the
property that they can absorb water into the matrix of the polymer. Typically
cured polymers are treated with a solvent to remove any unreacted

components (ca. monomers, macromers, crosslinkers), and subsequently the
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< hydr ophobe,atmeDt Wit the gxtrge mgzﬁpléfenﬁ 0 grs%X%me @Hlvmera

particularly preferred solvents m xtures of DPMA, DV DPM or TPMw th
wat er or propylene glycol. The nost preferred solvent for a cured polyner
havi ng (ewopkBessed pol yner of 11.5 MPal/ 2, (err)Pcured polPEPEiS0dH#7566 1
MPal/ 2, and (err)Dcured polymer 16.5 MPal/2 is dipropyl ene glycol nethyl
et her acetate. 15 As stated above, the choice of extractl ng solvent is

driven byalyieepisyiseatad Vﬂﬂb@@ﬁﬂ“@@“%ﬁomﬁénd'ihpédﬁrﬁglf}yﬁiﬁ e thefwdiagad one
t th
Shyarcal HifRust; Bobhuhd it o h Bacfds usdif s fombEP R LRRAR 1 Ne

extracti npngsdnents, thefinal hy@MoﬂrstémCSnWﬁmoarmibsl OLEQhreeﬂyuaﬂbe if the cured
polynmer is a silicone hydrogel where 0 t he jorlt its ﬁg/face IS

W@S8phobi ¢
SOl veRt Raeied RifiHiakahi calhob dRsdi M fib'vl?étbﬁ\é\)ﬂgbl] a_hydrophilic

sol vent havin ecul ar weight an rogen ing affinity. The
mej ority MtoﬂmgitMrfaicpblymexsoTymallydbrstmobkam feesdlyed byHrdztinggbevent wher e

the percentage of hydrophobic soI out 0 ab ut 98 % (percent
by wei ght&Xt ra%a%pgwg?eérvymsga% ¢3qu@1%§ t§§>e&ere efing @%@%ﬂﬁ(; about

80 to ab i t of this
extracti ;&éﬁg%@é&@@f@@%é;&% %h%%fﬁg'gmg@ﬁgm%ﬂé’g%@r abl y about
15 to abqdlyrhéfs & éxtractedxsingl ssne bf thecextsadtingraalvents lofithis @tventiofpar t s by

93&2@;?%&%’9@8%&%? el eilibgnied i, AOLARIA0RRR BYPRSHUABBhob o
sol Ve”tséiéﬁégrogﬁmd‘u?(% Re Haﬁlngirbbéﬂéﬁéudé%nbédﬁbémé' E@rattingo! and

DI are the h I ¢ sol'vents 'havin hydr ogen bonding affinity and
| ow nol ecolutionsedfghednventionvthat. b@aﬂ%advmmagscbmludebasare nohlimited tal

P yr opti-B0% BEIRDT s 80 HPFL cobls et s Aot hiftidos Bvebnl G e
pr ef er r eqng knddh éﬁlra\f%g JBltioNse Betiade ﬁgat/as Ameyah @ oo st oFehey erfra t hat

have noderately high rogen bonding affinity and hydrophilic solvents 5
havi A§ | stepsl ecul ar melght and rel atively high hydrogen bonding affinity.

wher et he. par caniags hgrein e sRRUET e EBby BV B SOOI oL S8 oo
(percent dutcdfiagblindredBESn Bithaterbf ¥ cabsd bolfhdraarbemly biBcafculatsi by

pr ef er abl about 80 to about 90%0 to about 98 % (percent by weight), nore
pr ef er ablthe gither o8the follewingiormui oy, The nol ecul ar wei ght of the

hydr ophi | i ¢ sol vent, bout 200
Dal t ons, nore pref e(%’y aboﬁg%gﬁ%{ @%&gﬁﬁf)@ﬁﬁﬁﬁgwga n%s of such
sol vewt s include 90: 10, TPMddhmefi: |ﬁQqUBMJ§)IsolLﬂ|6n1DIeTEMlmmrInane gl ycol,

90: 10 DPM propyl ene glycol. In these exanpl es TPM and DPM are hydrophobic
sol vents and propyl ene gl yccﬁqU&ﬁb‘sP? Iyondy e the | ow nol ecul ar wei ght

Souvents T bafkehfadd bt Sl ¥ ialbr ihag2Bolen # ABoal SO% blefefyifiodh ¢ he

choi ce of ex racti ven crltlca to t I'S I nvent e nmet hod may
be i npr ovalbub\20td) atxiutrzl@"/eendanmrenbmﬁarahly, pboa’r@ﬂimabomo%%xarrpl e, a

t t .of ted h i 20 db
Po el ng Lhe. & angaiion.dhe Exfaging folvaRts ol e BVHoL I dA B nor easi ng
the t : th
e ise g5, é&?ssp@ggba%te;]égg%@@}gﬁéa@g@@ RSB hareeras arkur t her

t he |nvent|on I nc extracting cured pol yners
conpri si ngltHnyldherﬁdil{dwmgaadgdsa/drophl i c mononers, where the nethod

conprises) consists essentiall or consists of the steps of treating 25
the cured pol yiRF Q@Qlﬁ [&ﬂcu%lﬂ’m&dt21%t%6p9'ét(‘£8Hchﬂl®Wl®lT$@al d extracting

sol vent when gur 25 C (3 ured pgl to at |east 15%
and (b) has Hanﬁﬁ *WWmPar%ﬁ:Qfde §°\S/&rl$ﬁ ufgd PpifIEr ?a%ég's of (err)H = ’

. about [ (err) Hegpy mgupxc[s@r 253 215 to BBl AR\ L EyCRd] pol yer - 8. 5] 30

(err)P = about [(er ur 88 B8Fymer -+ 0. 5] “&BEUT [(err) Pcured pol ymer
-4.0]30and (err)D = about [(err)Dcured polyner + 2.5] to about [(err)Dcured

- pol yner -2 0 WO 02/ 36669 P /.17536 The ter hydr ophobi ¢ and
hydr ophi I'¥ ']r?o%ohalﬂd Igwtzwpmtri?‘ﬂjy v@mmerr%{@fe?ﬂéﬁ“PgﬁPém i oned

def i ni ti %étrﬁﬂadswds%ﬁﬁén@dagﬁwmeﬂh@rwﬁgm GeaNREINY FRINBERTSOLEBIIACT | enses

and intraocul ar | enses. "Sti further the invention includes a polyner that
is made by a method of 5 extracting cured polymers conprising hydrophobic
and hydrophilic nonomers, where the nefhod conprises, consists essentially
of , or consists of the steps of treati'hg the cured polyner with an
extracting solvent, wherein said extracting solvent when neasured at 25 C
(a) swells the cured polyner fromabout 0%to about 50% and 10 (b) has
Hansen Sol ubility Paraneters within the ranges of (err)H = about
[(err)kbured polyner + 2 5] to about [(err)kbured polyner - 0 5] (err)P =

. —a v o



(err)D = about [(err)Dcured polynmer + 2.5] to about [(err)Dcured pol yner
-2.0] 15 In order to illustrate the invention the follow ng exanples are

i ncl uded.wold@oeexanpl es do not limt the invention. They PETAISGHATBOonly to
suggest a nethod of practicing the invention. Those know edgeable in

pol ymers as well as other specialties maé find ot her methods of practicing

t he i nveMARMWETERS A ISERSHHNDBANR 4D R BEFRS I, 50 1§ the scope of

this inv i | ctted in this application are
hereby .in Oﬂ%@ﬁafogaﬁ%tjgrﬁggér?@nﬁog&ﬁ%@&ﬁ%ﬂéh%he foll owi ng abbreviations were
used in the eW@x@hﬁléﬁAfé&ﬁé@b@l@ﬁ@ha%%d BH,, 5 H&i.00f 7R MR&Er SPVY =

di propyl ene glycol dinethyl ether DPMA = di propyl ene glycol nethyl ether
acet at e DR, of 8itpMBla/f .aned dDyeob,~rdty MRa'RetheTtitansen valpespf| ene” gl ycol

es ol PbodPPrORRAREEaBoR Folveats siRoH Abpit 7 bRl 1o gB0GER LT BoR -

* nononet h yl o r r4m n ydi nmet hyl si | oxane (MW 8001000) 8 WO
02/ 36669 ’a%ﬂ)q(%ﬁf%}l%égﬂ%‘&él "Eval uation of DPMA and | PA as Extracting

Sol vents The athid preYerfdd BRIctich Seivariis dsclade bt ard hutliraitéd &esolugntsol vent
was eval uat ed b?/ exam ning | evels of unreacted hydrophobic nononers from
cured 5 lo8fr@smulanl resi dual 1evel is defined as the ampunt of nonomer(s)
that renmain unreacted or unpohypEiHLLE ek &2 ens is adequately cured.
The nononer m xture that corrp%i gsid%ce%ﬁg?i)letg c;IRA was | oaded to 7 frames (56
| ensgg) and cured for 8 mnutes to 60 m nutes, at 55-70C, using dinethyl
3-octanol as a diluent -and visible light (visible |ight wavel ength: 380-460
nm 10 with a pé¥eaxi mum at 425 nm dose: approx. 2.5 J/cnR). The

resulting | enwgsmgoz%ﬁ\é@:ﬁg@@,I@ée&ggéa%nw %inseém\xgiag%ﬁ,emved from

the frames usin fAseS were’dccurately into five

i ndi vi duglheplyh®$ sabstituted phemyl wherk sheiphebylrdubstituaPité\ateOO\K) was

pi petted intg each vial, 15 ﬂq%gs 1 though 5 were sonicated for 1 hr at 25,
35, 50, cAHRYY 7RMIN0, NHEQ ¥t 8N Concurrent experiments were set up

[ i PA t ' t | rhi L | d
for cromer andNUEE ah R G o SO are

for macroner a t percent) Obtained are

t abul at egphiemylTablsabstitutedipRenyiivéeherartipe pbengrsubstitugnteard 6 alkdse nononers
because t eé are the m)stt 20 @gréﬁhobi c conponents in the final polynmner.
These fi Jur8kOXhRANNCaNEPIMK NAPIERL s t hese hydr ophobi ¢ nononers at a | evel

whi ch is conpagsaligdisydm A, QURYI Sheéryl e, BlkiRIBSHy! siffocatbenye, the |evels
are nost conparagblhg O Sy e MV\Oy})Zl 36C PCI/ o 17536 Tabl e 1
Tenper at uBO;Hngheoyly ensulsstiteledsphanyRabetrithe phenyd substituentsca@ieon from Lenses

IEVS@P??%%@@%%%‘%@%V% %}ﬂg)%?‘i‘lé%%‘éégﬂo. 5240. 586700. 5190. 565 5 Tabl e

2. Tenperature gndi18ol vent Effects on Residual nPDMS Extraction from Lenses

The preferred R' is selected from the group consisting of C, salkyl and
C. salkylcarbonyl, where the more preferred R’ is selected from the group
consisting of C, zalkyl, and the particularly preferred R is methyl. The
25 preferred R? is selected from the group consisting of C, qalkyl and
C,salkylcarbonyl, where the more preferred R? is selected from the group
consisting of C, salkylcarbonyl, and the particularly preferred R?is acetyl or
hydrogen. The preferred R? is selected from the group consisting of C, ;alkyl
and C1_6alkylcarbohyl where the more preferred R® is C,salkyl, and the
30 particularly preferred R® is hydrogen. The preferred n is 1-5.
Examples of extracting solvents include but are not limited to ethylene
glycol-n-butyl ether, diethylene glycol-n-butyl ether, diethylene glycol methyl
ether, ethylene glycol phenyi ether, propylene glycol methyl ether, dipropylene
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20  All of the references cited in this application are hereby incorporated by
reference.
EXAMPLES
The following abbreviations were used in the examples
IPA = isopropanol
25 DI = deionized water
DMM = dipropylene glycol dimethyl ether
DPMA = dipropylene glycol methyl ether acetate
- DPM = dipropylene glycol methyl ether
TPM = tripropylene glycol methyl ether
30 Macromer A = the macromer substantially prepared as described in Example
25 of U.S. Pat. App. Ser. No. 09/957,299
mPDMS = monomethacryloxypropylterminated polydimethylsiloxane (MW 800-
1000)
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S Exanple 14 of U. S. Pat. App. No. 091921, 192. Using the nethod of Exanple
7, the lenses were released fromthe nolds and equilibrated in the solution
for aboutw@oteesss. The tenperature, release tine swell and®CIHMHE786

extracted residuals were recorded in Table 11.
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about 14.0 to about 19. 5. The method of claim 1 wherein said extracting
sol vent conprises 30 dipropylene glycol nethyl ether acetate, dipropylene
gl ycol methyl ether, or tripropylene glycol nethyl ether. 6. The nethod of
clai mpd wherein said extracting solExantplé@ t her conprises 21

Temperature Effect on Leachable Levels of Hydrophobic Monomers from

Cured Polymers with DPMA
This experiment determines the leve! of leachable hydrophobic

monomers which can be obtained from cured polymers that were extracted
15 with DPMA. A leachable level is defined as the amount of a monomer (or
monomers) obtained after a polymer has been cured, extracted and hydrated
and then, subsequently extracted with another solvent. Typically the
subsequent extraction solvent is iPA. The monomer mixture that comprises

acquafilcon A was loaded to frames and cured for 8 minutes to 60 minutes, at
10



WO 021 36669 dei oni zed water. PCT/USOL/ ~7536 7. The method of claimb5
wherein said extracting solvent further conprises propyl ene glycol or

dei oni zedvop@bee6695 8. The nethod of claim 1l wherein said ®UNVEIIHTG6 sol vent
conprises about 70 to about 98 percent by wei ght dipropyl ene glycol nethyl

ether, or tripropylene glycol methyl ether and about 2 to about 30 percent
by wei ght5557 @15, usieg gimethyl-3roctanadnasa dildest and gisiple fight W\'ﬁM@d‘QN claimi1

el ght ”d?%%agﬁg%xr\bhi%é@%@ﬁ R il = Sl PO A AT O 488G SRBPFEB Tyl et her
and abougj%g W@Pégun%g; |@ﬁé§§rsfrabhééthénﬁs)mér@r@ floyda (1erisetebwnzed

wat er erreth of calml claim8, or claim9 V\/nereln said cured
- pol yner lfforﬁrcuorm)t btrhpped ttevydie. olefin caprlymer KEQPAS®) lenahingittysration t he

Il of th | 0 15%t t40% gRLhod of
76l east ngeRRIGE ADALIRFIR ARSI | hebreakeb aamtERY by bRt WaTR > °
“hydr ophi 'Héété'ﬁ? STh%ﬁfrﬁcﬁﬁfs&%ﬁP@F‘MﬂRBBéQﬁL)t\hés aaed (085t reat ing the

cured pol yner WI an extractinhg solvent, 25 wherein said extracting
sol vent wheflemsyand agditated 2y 2omegnetiostiirer fardlcmireat 227G nét theend afeast

Corr) H = BB Gtratian: hecnis ovhapmesian lePTBs e belkR aR 082887 re:
-8. 5] (ervzétgf at agqg c&r(tﬁﬂlbbwﬁ eﬁcmailﬂ@Water ﬁbaﬁbr/&@olabqtﬂe \Evét%rrwal%cured

pol ymer - r)D = about [(err)Dcured polynmer + 2.5] to about
[ (er r]0Dc Lagiidted byrmnculazloﬂ]at hjgh s aemga'm isImersiomwatengiwulgtar. sAfter

extracti n soI vent is sele d fr t acet at e,
propyl ene B f/lQen ﬁﬁ?l‘fﬁreé“f' awn, a%g@?gé%@@%&d&%@y‘&aﬁggacet ate,
di propyl eél%tm'aﬁéﬁ'w&F @R ML @ﬁlPNwaé éuaé@wkmaaghmme Mavmsyl et her,

di propyl ene glycol N butyl ether, |pro | ene col dinethyl ether

di pr opyl esmn@atgdcfor b S BaMplasaNCTECRIERAES m@#nﬂgﬁ ﬁédgﬂﬁlyéﬁ rf@thy| et her,

L PRy e SRR o SheaRdp, ARS8 i Mo o

consi gt i Ngsifg DRNA agtirl @iteactifly Robext attergpsaturecifras, YL 601 ard 70i°Q;, opyl ene
gl ycol nethyl ether acetate, dipropylene glycol nethyl  ether trll_gropyl ene

gl ycol neespectielsr Therreswiscelthese expeaments arettabuigiad jraABle f TRPai m 12
wherein 8H gand 8D is
about 14. 85{1@3 gﬁthh%bgt élgte?'i?;géfﬁtujréﬁ @B ?QC"FM el\% '§ e@glﬂyss?ﬁ %sext racting
sol vent Ctﬁﬁﬁﬂmﬁpﬁﬁ(nﬁblﬁgaﬂydam wt. )basls)n”eTMd:aIlytlbeelsan@O@t-‘EQOijprmpyl ene
glycol methyl ether, or trip &e g}‘ﬁ/(i éma/ et h{e Zeéf])_ F met hod of
cl aim 16 W@?W%WBGWRA&W al gxirarting selyspi-sLae Rf zed water.
20 18, Thsaeﬁéﬂg%a&o%@qa&éag@wm thot8asingextraeliom et drief t her
conpr1ses propylene glyco

leachable levels at 60°C and 70°C are comparable with levels observed for IPA

(600-1000 ppm). This finding demonstrates that there is a significant

advantage in using DPMA as an extraction solvent rather than IPA. Ina

production environment, due to IPA’s low flash point (12 °C) and high vapor

25 pressure ( 45.8 mmHg @ 25 °C). However, due to DPMA's high flash point
(187 °C) and low vapor pressure (0.08 mmHg @ 20 °C) this solvent may be

used at elevated temperatures without the accompanying safety hazards.

11



19. The method of claim 12 wherein said extracting solvent conprises about
25 80 to about 90 percent by wei ght dipropyl ene glycol nethyl ether, or
tripropylveae2goegzol nethyl ether and about 10 to about 20 PEd/EEN#7H¢ wei ght
propyl ene gl ycol or deionzed water. 20 The nethod of claim 12 wherein said
extracting solvent conprises about ZO to about 98 percent by wei ght

di propyl ene glycol nethyl ether, or 1a,b gopyl ene glycol nethyl ether and

sbout 2 52, Rerafe? BAEE o DAoL B DR LRORISLTRY Ecsimonia vt e

cured polymer is a contact lens. 22.DFPMA nethod of claim 12 wherein the

swel | of the CLL&d—pO?—ﬁCBI—Ié—@«. bout _15%+e0—about—409% 5 23—Apalyner that
-is prepared by la met hd@mR °§<tracm|?1'am§|("@3n€%) TN%“@GH%H@Q“@I hydr ophobi ¢
and hydrophilic MOTTOMEL% wheT et e TTEL{FE conpr{ses thg,85€eps of |[treating
the cured polynmer with™an extrag¢ting solvent, wherein said extracting

sol vent when nejasured @5 25 C 10 (a) sw€f$s the cured poR§der from about 0%
to about 50% an (h\ has Hansen! Sol ubility Paraneters—wi-thinthe ranges of
(err)H = about [(err)H@Qred poI*rrer + ?ﬁﬁ to abput [(er8@2|—|cured Dol ynmer
-8.5] (err)P = @about rPcurgd—poty, + 0.5 Ttoabo (erT)yPeur ed

pol ymer -4.0] and (err%B: about |[ (err)DCured pol yner + Z. to aboput
[(err)Dcured pofymer -Zo0]. 15 24. The<ppdyner of clai mgd) wherei p said
extracting solvient is selected fromthe group cohnsisting of bhutyllacetate,
propyl ene glycol nethyl ether acetate, dipropylene glycol N propyl ether,

triprqpylene glycol N propyl ether % é)g yl ene gl ycol N-butyl ether,
di propyl ene gl ycol dinethyl ether 5(3( hﬂ% pyl ene glycol nethyl ether

acetate, @AnBRRYbEINGacHaN® | ctElk Y Hyatdistobid M efrem d/Polwnbid et her
and m xtures thereot. 25. The polyner of claim23 wherein said extracting
solvent is selected fromthe group ing of butyl acetate, dipropylene

gl ycol di et hy. t her. . i W(Ifate,

di propyl ene gIt‘a‘gIe)ﬁg{'ﬁ%rﬂgg&%ﬁy{\ggg‘regwﬁgﬁe@g{: ?%ﬁp her, and

m xtures ibAbARIs wiich ¢ar beadhtamed dfons tared ﬁ@lywlws elnma(lyelpr()ctéssedadnout 3.0
to about 14, (err)P is about 2 to about 6.6, and él)&‘gsads about, 14.0 to

about1019. exXi(a Wﬂﬁ\eDW-yH%Px@mPlﬂ %zl onteagtiQn ayas ﬁc‘éOJP A& $¥Csol vent

COTE | eI R, IS eTHA it Shfes SRHORIEBR IO, 1 |

SO01 /-1 75gkamBle diifadiiohywas dohe i mlmll%fnonhﬁalm 'I'ihéamahdmen’ arbtturecthat! vent
further conprises deionized water. 5 29. The polyner of_ claim 27 erein

sai d ext rmpnge%acwaﬂlcqmﬂ\ﬁ@ﬁ’ lqa@!ﬁﬁrtpé%%frﬁmﬁm%éubqqf%lfi miwtesris pol yner

f cl t bout 90
o oLt ™ G RS, B SR B GG AR ARG hnE BB afprd BB 00
gl ycois nee\kyﬂneqrglhe(waMeﬁgwesmmammbmm aaéakaﬁammumxamesm @ussepw ene
gl ycol or deionzed water. 31. The pol ymer of claim23 wherein said

ext ract i ngpPRIOXvaM JIEBDri ses about 70 to about 98 percent by wei ght
about 3 Lo abol b Wereteove o rarheb bR OIE Brd BN BFE Y . Clrer
scintillation vials. 10 mL DMM (1 mL per lens, PROGLYDE®) was added to
each vial and shaken for 30 minutes at 175 rpm on a Thermolyne Type 50000
20 Maxi-mix lIl. At the end of this period, lenses from vial 1 were equilibrated in
250 mL DI water, by shaking for 1 hr at 175 rpm. After equilibration, the 10
lenses were harvested, blotted dry and accurately weighed into a scintillation
vial. Five mL of isopropanol was added to the vial and the vial was sonicated
for 1 hr. The iPA extract was analyzed for leachable mPDMS and macromer.
25 The DMM from the remaining vials were decanted, and 10 mL aliquot of fresh
DMM was added to each vial. The vials were shaken for 10 minutes, which
- constituted “1 cycle”. The procedure was repeated to generate samples after 5

12
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8100 ()-%10%& G 0% () - QX 2G'109%: ()- G aYL-" | 109& ()-Gp-r-s-t
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109<]18 & ()t TR 7001aBbQ/o Swell in Various Test Solvents

Test Solvent % Swell
Physiological Saline 0
DI Water 0.56
IPA 52.36
n-Butyl Acetate 31.12
Proglyde DMM* 29.83
Dowanol DPMA* 24.24
Dowanol DPMA @ 35°C 26.84
Dowanol DPMA @ 50°C 30.74
Dowanol DPMA @ 60°C 31.91
Dowanol DPMA @ 70°C 34.91
Example 5

Comparison of % Swell of Coated Cured Polymer in a Variety of Solvents
Contact lenses coated with poly HEMA were prepared as described in
15 Example 14 of U.S. Pat. App. No. 09/921,192. Using the method of Example
4, the lenses were released and equilibrated in three different solvent mixtures.
For this example only, the swell was calculated using the following formula,
where the diameter of the lens mold is the diameter of the mold that forms the
~ cured article
20 %SWellns mod methoa = 100 X [(lens diameter in extracting solvent — diameter
lens mold) / diameter lens mold]

14
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are the preferred solvents for extracting a poly HEMA coated Iens
10 Table 6
DPM Solvent System @ 60°C (remainder H,0)

Solvent Composition Swelliens moid method (%0)

100 49.3

95 35.7

90 26.5

85 19.9

Table 7

TPM Solvent System @ 60°C (remainder H,0)

Solvent Composition SWelliens maid method (%0)
100 46.5
95 - 28.8
90 17.3
85 12.6
15
Table 8
TPM Solvent System @ 80°C (remainder H,0)
Solvent Composition Swellene moid methos (%0)
100 42.3
95 36.1
90 22.3
85 15.6
Example 6
20 Hydration of Lenses

This procedure demonstrates that lenses extracted using a solvent with
limited solubility in aqueous solutions, such as DPMA may be equilibrated
directly to aqueous solution without inducing internal stresses. Use of IPA as
an extraction solvent yielded lenses with a large variation in final lens’ diameter

25  uniformity even with a step-down gradient. A longer, slower step-down

15
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o5 10030 138 T SLar; dpPige. 20 BEN) T T okl () il ol s )

3f ﬂggﬁﬁggg ARA/D dmmmms#enmm#& 100% |PACRHE, step-
S- + & 9109 727~" 101#' 9bK
c10%1Qg: () “dow g@@mﬂ EOUR sq!é*eﬁ%leew ation g%\ qni* .30, 60,

&M 10%¢& () - ZRRHZSZ' Z, 717 J*K c100J) U ()-. K c10%J U& ()-. K-

e 60:40, IPA/DI water release from molds, extraction in 100% IPA and a step-
down gradient to aqueous solution equilibration in increments of 10, 20, 30,
40, 50, 75, 100%. |
15 e 100% DPMA release and extraction and direct aqueous equilibration.
Measurement of lens’ diameters on 10 lenses were made in both x and y
direction (to pick up any lenses that might be out-of-round) for each condition.
The diameter data is presented in Table 9.

20 Table 9
Comparison of Extraction/Equilibration Condition

Hydration Lens # Dia. x Dia. y (mm) Dia. Avg.

Conditions (mm) | (mm)

1 14.177 14.314 14.246

2 14.150 14.152 14.151

3 14.171 14.165 14.168

4 14.179 14.208 14.194

5 14.152 14.222 14.187

6 14.170 14.154 14.162

60:40 DI/IPA 7 14.227 14.177 14.202

Release 8 14.144 14.188 14.166

IPA Extraction 9 14.179 14.194 14.187
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Max 14.345 14.314 14.345

Min 14.144 14,152 14.144

Range 0.201 0.162 0.201

14.111 14.163 14.137

2 14.112 14.148 14.130

3 14.108 14.159 14.134

4 14.128 14.125 14.127

5 14.149 14.119 14.134

6 14.135 14.170 14.153

60:40 IPA/DI 7 14.186 14.136 14.161
Release 8 14.129 14.138 14.134
IPA Extraction 9 14.144 14.126 14.135
Gradual Step-Down 10 14.128 14.081 14.105
' Avg 14.133 14,137 14.135
Std 0.023 0.026 0.024

Max 14.186 14.170 14.186

Min 14.108 14.081 14.081

Range 0.078 0.089 0.105

14.597 14.606 . 14.602

2 14.615 14.610 14.613

3 14.591 14.588 14.590

4 14.614 14.616 14.615

5 14.614 14.613 14.614

6 14.602 14.586 14.594

DPMA Release 7 14.612 14.610 14.611 -

DPMA Extraction 8 14.599 14.604 14.602

Direct Equilibration 9 14.591 14.589 14.590

10 14.588 14.593 14.591
Avg 14.602 14.602 14.602
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release from the molds and the phyS|caI characteristics durlng release were

observed and recorded. The data presented in Table 10, shows that both
DMM and DPMA have distinct advantages over [PA or IPA in combination with
DI (which has an equivalent % swell to DPMA) due to the time of release

15 and/or the physical manner of release of the lenses.
Table 10
Comparison of Lens Release
Solvent | Release Time % Swell Physical Appearance
(min)
Lenses swell rapidly
forming wrinkles and
folds and often
IPA <10 52 creating stress at the

interface with the
mold, resulting in
fractures in the

lenses.
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treating the cured polymer with an extracting solvent, wherein said

extracting solvent when measured at 25 °C

(a) swells the cured polymer from about 0% to about 50%, and

(b) has Hansen Solubility Parameters within the ranges of
10 8H = about [8H, e poiymer * 2-5] to about [6H,e4 poymer ~8-5]

8P = about [8P,eq poymer + 0-5] to @about [8P 64 poiymer -4-0] and

3D = about [8D¢eq polymer + 2-5] to about [6D,req poymer -2-0]-

2. The method of claim 1 wherein said extracting solvent is selected from
15 the group consisting of butyl acetate, propylene glycol methyl ether
acetate, dipropylene glycol N-propy! ether, tripropylene glycol N-propyl
ether, dipropylene glycol N-buty! ether, dipropylene glycol dimethyl ether
dipropylene glycol methyl ether acetate, dipropylene glycol methyl ether,
tripropylene glycol methyl ether and mixtures thereof.

3. The method of claim 1 wherein said extracting solvent is selected from
the group consisting of butyl acetate, dipropylene glycol dimethyl ether
dipropylene glycol methyl ether acetate, dipropylene glycol methyl ether
tripropylene glycol methyl ether, and mixtures thereof.

25

4. The method of claim 1 wherein §H is about 3.0 to about 14, 3P is about

2 to about 6.6, and 8D is about 14.0 to about 19.

5. The method of claim 1 wherein said extracting solvent comprises
30 dipropylene glycol methyl ether acetate, dipropylene glycol methyl ether,
or tripropylene glycol methyl ether.

6. The method of claim 5 wherein said exiracting solvent further comprises

21
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prop)(fl)ene glycojfoﬂ&elomée?d water " 109 h& () -+ T10%1 & () - i) 2C7+
5
8. The method of claim 1 wherein said extracting solvent comprises about
70 to about 98 percent by weight dipropylene glycol methyl ether, or
tripropylene glycol methyl ether and about 2 to about 30 percent by
weight propylene glycol or deionzed water.
10
9. The method of claim 1 wherein said extracting solvent comprises about
80 to about 90 percent by weight dipropylene glyco! methyl ether, or
tripropylene glycol methyl ether and about 10 to about 20 percent by
weight propylene glycol or deionzed water.
15 |
10. The method of claim 1, claim 8, or claim 9 wherein said cured polymer is

an ophthalmic device.

11.  The method of claim 1 wherein the swell of the cured polymer is about
20 15% to about 40%. .

12. A method of releasing and extracting cured polymers comprising
hydrophobic and hydrophilic monomers, where the method comprises
the steps of treating the cured polymer with an extracting solvent,

25 wherein said extracting solvent when measured at 25 °C
(a) swells the cured polymer to at least about 15% and
(b) has Hansen Solubility Parameters within the ranges of
8H = about [8Hyreq poymer *+ 2-9] to about [8H ured potymer =8-5]
8P = about [8P gyreq poyymer + 0-5] t0 about [3Preq poymer -4-0] and
30 3D = about [3Deq poymer + 2-9] to about [8Dreq poymer =2-01-

13.  The method of claim 12 wherein said extracting solvent is selected from
the group consisting of butyl acetate, propylene glycol methyl ether
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14. The method of claim 12 wherein said extracting solvent is selected from
the group consisting of butyl acetate, dipropylene glycol dimethyl ether
dipropylene glycol methyl ether acetate, dipropylene glycol methyl ether
tripropylene glycol methyl ether, and mixtures thereof.
10
15. The method of claim 12 wherein 8H is about 3.0 to about 14, 8P is about
2 to about 6.6, and 8D is about 14.0 to about 19.

16. The method of claim 12 wherein said extracting solvent comprises
15 dipropylene glycol methyl ether acetate, dipropylene glycol methyl ether,

or tripropylene glycol methyl ether.

17. The method of claim 16 wherein said extracting solvent further
comprises deionized water. '
20
18. The method of claim 16 wherein said extracting solvent further

comprises propylene glycol.

19.  The method of claim 12 wherein said extracting solvent comprises about
25 80 to about 90 percent by weight dipropylene glycol methyl ether, or
tripropylene glycol methyl ether and about 10 to about 20 percent by
weight propylene glycol or deionzed water.

20.  The method of claim 12 wherein said extracting solvent comprises about
30 70 to about 98 percent by weight dipropylene glycol methyl ether, or
tripropylene glycol methyt ether and about 2 to about 30 percent by

weight propylene glycol or deionzed water.
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24. The polymer of claim 23 wherein said extracting solvent is selected from

the group consisting of butyl acetaté, propylene glycol methyl ether
acetate, dipropylene glycol N-propyl ether, tripropylene glycol N-propyl
ether, dipropylene glycol N-butyl ether, dipropylene glycol dimethyl ether

20 dipropylene glycol methyl ether acetate, dipropylene glycol methyl ether,
tripropylene glycol methyl ether and mixtures thereof.

25.  The polymer of claim 23 wherein said extracting solvent is selected from
the group consisting of butyl acetate, dipropylene glycol dimethy! ether
25 dipropylene glycol methyl ether acetate, dipropylene glycol methyl ether
tripropylene glycol methyl ether, and mixtures thereof.

26. The polymer of claim 23 wherein §H is about 3.0 to about 14, 5P is
about 2 to about 6.6, and 8D is about 14.0 to about 19.
30
27.  The polymer of claim 23 wherein said extracting solvent comprises
dipropylene glycol methyl ether acetate, dipropylene glycol methyl ether,
or tripropylene glycol methyl ether.
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31.  The polymer of claim 23 wherein said extracting solvent comprises
_ about 70 to about 98 percent by weight dipropylene glycol methyl ether,
15 or tripropylene glycol methyl ether and about 2 to about 30 percent by
weight propylene glycol or deionzed water.
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