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Contact lenses produced from silicone hydrogels are typically made by
the following procedure. A mixture of hydrophilic and hydrophobic monomers,
as well as other components is placed in a lens mold and cured with light.
After curing, the lenses, which remain attached to either the front curve or the
back curve of the mold, are removed by releasing with a suitable solvent.
Typically isopropanol, water or combinations thereof are used. After release,
the lenses are extracted with alcohols and/or other qrganic solvents to remove
unreacted hydrophobic hmonomers. Typically these lenses are extracted with
hexane, methylene chloride, isopropanol, or ethanol. For water immiscible
solvents, those solvents are removed by evaporation/drying prior to
equilibration into aqueous solutions. For water miscible solvents, the lenses
are equilibrated into aqueous solutions. Equilibration into aqueous solution will
remove any remaining solvent, unreacted hydrophillic monomers, and hydrate
the lenses. However, there are problems with this procedure.

First, when the lenses are released using alcohol or alcohol/water
mixtures, the lenses swell to a level where a fragile lens, that damages easily,
is produced. Second, hydrophobic monomers have limited solubility in

mixtures of alcohol and water, as well as some organic solvents. Therefore to



extract those nononmers | enses nust be extracted with | arge vol unes of these
sol vents and often the solvents nust be heated. This presents probl ens when
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U.S. Pat. Nos. 5,260,000; 5,998,498; 6,087,415; 5,760,100; 5,776, 999;

5,789, 461 5, 849, 811, 2
DETAILED DESCRIPTION OF THE INVENTION

This invention includes a method of extracting cured polymers
comprising hydrophobic and hydrophilic monomers, where the method
20 comprises, consists essentially of, or consists of the steps of 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
25 8H = about [6H.eq poymer * 2.5] to about [8Hyred potymer ~8-5]
8P = about [P yeq poiymer + 0-5] 10 @bout [P yred potymer -4-0] and
0D = about [8D,ed polymer + 2.5] 10 @bout [8Dyred polymer =2-0].-
As used herein, “cured polymers” include but are not limited to polymers
containing hydrophobic and hydrophilic monomers, hydrogels and silicone
30 hydrogels where silicone hydrogels are the preferred polymers, The particularly
preferred polymers are a'cquaﬁlcon A, lotrafilcon and balafilcon A. The
compositions of representative polymers are disclosed in U.S. Pat. Nos.
5,260,000; 5,998,498, 6,087,415; 5,760,100; 5,776,999; 5,789, 461 5,849,811;
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WO 02/ 36669 PCT/ US01/ 47536 5,965,631; US Pat. App. Serial Nos. 09/532, 943;
09/ 652/ 817; and 09/957,299. These patents and patent applications are
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rret hacryldwtl@cbragﬂhydg c acids, vinyl lactams, acrylam des, nethacrylam de,
vinyl carbonate and Vvinyl carbomate nonomers which are disclosed in U.S.

Pat . No. 5, o7DheEm InenaRrer setene tartheopwildingwniésh (kackbanes Reywtantn U, S.
Pat . r8&83 %ééﬁgééénn% ‘?@%‘t’&ré?r{]&egle%g% A3 onieifiNer \Bﬁﬁ’mﬂéat ed by
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polymers are 4 & eaheL. WoldhLorg! 067652/87! STRYE P48 BaS S hilic
monomers include but are not limited to n-vinylpyrrolidone (“NVP”),
20  N,N-dimethylacrylamide (“DMA"), 2-hydroxyethyl methacrylate ("HEMA”),
methacrylic and acrylic acids, vinyl lactams, acrylamides, methacrylamide, vinyl
carbonate and vinyl carbamate monomers which are disclosed in U.S. Pat. No.
5,070,215, and oxazolone monomers which are disclosed in U.S. Pat. No
4,910,277. All aforementioned patents are hereby incorporated by reference in
25  their entirety. The cured polymers may contain other hydrophobic 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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conponents (ca. nonomers, nacromers, crosslinkers), and subsequently the 3
WO 02/ 36669 PCT/ USO01/ 47536 polyner is treated with an aqueous solution in
order towgdzrateed t he hydrogel. However, dependi ng upon thkeT/@sdvgRic t hat
was used to renove the unreacted conponents, the fi nal hydration step
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the swell of a cured po yner 1n a solvent Is the percent age | ncrease in
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preferably about 20 to about 40% and nore preferably, about 25 to about
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certain tdho t hose

par anet o533 8 SRMR 4 RS HENn o SR B8 A il ey BB el ol yer +
2.5] to ab@unm[vﬁfds@rraeﬁn@@bwmiﬁns SeczlusSht §a\mksqut1e [aﬂBQI:lé%dsD@ﬂth@fotra 0.5] to
about [OPcured pol yner -4.0] and SD = about [SDcured polynmer + 2.5] to

aboutl 5[ SBE&RSed pol yner -2.0] 30
As used herein the swell of a cured polymer in a solvent is the

percentage increase in diameter of a cured polymer and may be calculated by
the either of the following formula
%swell = 100 x [(lens diameter in extracting solvent - lens
20 diameter in agueous solution) / lens diameter in
aqueous solution]
The percentage of swell is greater than about 0 to about 50%, preferably,
about 20 to about 40% and more preferably, about 25 to about 35%.
In addition, the extracting solvents of the invention must have certain
25  Hansen Solubility Parameters, namely éH, 8P, and 8D. Those parameters are
within the following ranges
8H = about [8H.yeq poiymer + 2-5] 10 @bout [8Hreq polymer ~8-5]
8P = about [3P e poymer + 0-5] to @bout [P eq poiymer -4-0] and
8D = about [8Dyeq poymer + 2-9] 10 @about [8D ey poiymer =2-0]
30
where 8H.ureq poymers 9P oured polymers @Nd 8D cyred poiymer @re determined using the

method substantially as described in CHARLES M. HANSEN, HANSEN SOLUBILITY



where SHcured pol ynmer? C3Pcured pol yner, and SDcured pol yner are determ ned
using the nethod substantially as described in CHARLES M HANSEN, HANSEN
SCLUBI LI WO 0243668 02/ 36669 PCT/ USO1/ 47536 PARAMETERS; A USERBSHANBEBOOK,
43-53 CRC Press 2000, and CMH's SPHERE conputer programfor the

cal cul ations. For exanple, if a cured polynmer has a SHcured gol ymer of 11.5

MPall2, GRRAMEEERS; foMpRRE HINDBOOKMER58.CREArespP08d2apdl GMErS 16. 5 MPa' 12,

t he Hans ' r jon solvents are 6H about 3 to
about 14 e B tEr BRREAR foB b SHLHARMET TP 1370° 5 Sbout 16-0. The
preferred ext Fagekamptsliveotifed pellwde hbsta 8H 8. NQL. of MM iBMReY? M ygnt s of
Formulal R-O[CH CHR3)-On-R2 10 1 V\l/nerei R is hydr ogen, C, -, al kyl,
C, _6al kykgas bboyl MPalf, aodaithonyd,«m. 18G3MPa" hribaylansen valirs ot ut ed phenyl
where_t he phen

yl supstituents are 6al kyl, Cl1 .6al 1.n0, ni.tro, or
T oosn. pBraiAe SHyasRb SOV enSEEe b sbcs e A o Aol A Bibghonyl |

- SGBH p%%]’yéef %F‘ngﬁub%%‘mﬁ??ﬁo where the phenyl substituents are

Cl_6al kyl, , amno, n or hal ogen; R3 is hydrogen, Cl-6alkyl

phenyl , ~ Cl_6alTkgl grefdemsty xtravtionamivdms jtclude 5@te nutdinyted torsobudrs i t ut ed
phenyl where the phenyl substituents are 20 Cl_6al kyl, Cl1_6al koxy, am no,
nitro, oOfR8MEEA; and n is 1-10. The preferred RL is selected fromthe

group consi sting of Cl-6al kylp1aR¢ _ skyHicpebonyl , where the nore
preferred R is selected fronataggcgg(?ukg E-OﬁA%IRSti ng of Cl_6al kyl, and the
partil@ularly preferred RL is nmethyl. The 25 preferred R2 is selected from
the group consisting of Cl _6al kyl and Cl1_6al kyl carbonyl, where the nore
preferred R2 Me@Nected from the group consisting of Cl 5al kyl car bonyl ,

PSP | RIS ARER] SRR Al ysigen 0P o of e B2
wher e t hpheoyleopsebsituted pBriyv wbere thal dyenyl anbistithents are C, galkyl,
C,salkoxy, amino, nitro, or halogen;

15 R? is hydrogen, C,alkyl, C, salkylcarbonyl, aminocarbonyl, -SO,H
phenyl, or substituted phenyl where the phenyl substituents are C,alkyl,
C,.salkoxy, amino, nitro, or halogen; ‘

R® is hydrogen, C1_galkyl phenyl, C,salkylcarbonyl, aminocarbonyl,
-SO,H, phenyl, or substituted phenyl where the phenyl substituents are
20 C,salkyl, C,salkoxy, amino, nitro, or halogen; and
nis 1-10.
The preferred R’ is selected from the group consisting of C, zalkyl and
C, calkylcarbonyl, where the more preferred R" is selected from the group
consisting of C, salkyl, and the particularly preferred R' is methyl. The

25 preferred R? is selected from the group consisting of C, alkyl and
C,.¢alkylcarbonyl, 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_6alkylcarbo'nyl where the more preferred R®is C, alkyl, 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 phenyl ether, propylene glycol methyl ether, dipropylene
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30 particularly preferred R3 is hydrogen. The preferred n is 1-5. Exanples
of extracting solvents include but are not [imted to ethyl ene

gl ycol - n™obvyBbeset her, di et hyl ene gl ycol -n-butyl ether, di rpe¢hysengsiy ycol

met hyl ether, ethylene glycol phenyl ether, propylene gl ycol nmethyl ether,
di propyl e e 5 WO 02/ %6669 PCT/ USOl/ 47536 It)(]col met h et he tr| propyl ene
gl ycol M9‘P| r@?tﬁ‘é‘?et gF.dpprapyteng glyep! rﬁﬁtthlyeﬁ egtHepYI EtQiYQP ”&ﬁ’ B¥lopy! ene

gl ycol ”Eéthéra E)?Ite‘ﬁe% Yﬁ&ﬁglet ?’Qﬁetg Wr&@%f%né’ther di propyl ene

gl ycol - n- propy propyl ene
gl ycol -n- giyd:cyll-n-ptdwi etk@r,pdmmpy&me gllyyolem—pmmﬂhemerStrmrdywlenerl propyl ene

henyl ot uonPuRbBeE oY ke ottt g e&hﬁé‘r’ﬂr’w&%ﬁer ayeEBb T ang” "
met hyls i Sé’thBF Mhpllbgy%‘é glyEn- lﬁﬁﬂ%ﬂ Et-He‘f”tlrlPr ther E'ol EF@%}P'e’BSbr solvents are

butyl acetate opylene met hy et at
di propl yewreglwemelglyml Ipfnlanﬂtetber (dtmwpylenergimn),mﬁne’@ﬂyyeﬂnlercmnmpyhyl et her

Lo on et RSOy AsIE LGRS THel WArtiedahY prélRtedisulistife ' P “bout "

or TPM Wéd]ver\{@ta‘?é bRty BEeRYé Qﬂﬁrcﬂiyyé?rﬁa' gl &%@mzp [ ethEf BBEl=tE ePant for a
cured polyne havi ng SHcur ed [i%rr\elr o 11.5 all2, Secured &U\d nmer of

6.1 MPa' 1@pr@iyarm9¢moémq§bylﬁ#b¢r( Smm@py@negly@obdlmhwrethgw )met hyl

i 1 voi by Pvs S5l ALY BPRFITPM e RURR 1B SARrh SRIEREED one

conponent pAdiduladie preferret @IV AtiXiuRES §Dﬂ)Pﬁm DMNETDPMd@pﬂFPdA @wgthupon the
physi cal propert | es of the cured poly referabl e that the

ext ract i NYaLEsI0F SFRPYIR aliyﬁolt vﬁ%mq%péefeeeﬁ;s@h@m r grereghRAINer i f t he
cured pol a sili mhere ] Its surface
i's hydr oppf%(ﬁﬁ% SIS_Ilwte“‘ RISl 55%('% ?ﬂfeﬁtpéymﬂsi% t N@%T‘E %[;14 ﬁ%%wfe‘b’f"yma

hydr ophob{ & 59@P4&nt di d@mpwgné@wdlweétMYllamem@HtQ@en bonding affinity with a
hydrophilic sol vent having | ow nol ecul ar wei ght and hi gh hydrogen bondi ng

affirdidty. The Maptated gbaye sthed:h@mefcqxtwgﬂ@msob/@nt sodivEmBY thee  hydr ophobi ¢
00! v en e oG e ALREL bl SRS odhefigHt ey o avout
pref er abl iy tab@xtrabiihg solabot, vHeds) ddiending epon die prygtdl prbpéities diYies ophi | i c
solvent of this extracting solvent is about 15 to about 200 Dal t ons,
cured polymer, it is preferable that the extracting solvent contain two or more
components. For example if the cured polymer is a silicone hydrogel where
20  the majority of its surface is hydrophobic, it would be preferred to use a
combination of a hydrophobic solvent having relatively low hydrogen bonding
affinity with a hydrophilic solvent having low molecular weight and high
hydrogen bonding affinity. The majority of said extracting solvent contains the
hydrophobic solvent where the percentage of hydrophobic solvent is about 20
25 to about 98 % (percent by weight), more preferably about 70 to about 98 %,
most preferably about 80 to about 90%. The molecular weight of the
hydrophilic solvent of this extracting solvent is about 15 to about 200 Daltons,
more preferably about 15 to about 100 Daltons. Examples of such solvents
include 90:10 (parts by weight), DPMA:DI, 90:10 DMM:DI, 90:10
30 DPMA:propylene glycol, 90:10 DMM:propylene glycol. In these examples
DPMA and DMM are the hydrophobic solvents having low hydrogen bonding
affinity, while propylene glycol and DI are the hydrophilic solvents having high

hydrogen bonding affinity and low molecular weights. -
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nore preferably about 15 to about 100 Dal tons. Exanpl es of such sol vents

i nclude 90:10 (parts by weight), DPMA:DI, 90:10 Dvm DI, 90:10 30

DPNA: pr opy0O emss6gd ycol , 90: 10 DMM propyl ene gl ycol. In theBerT@sampbs®s DPVA
and DW are the hydrophobic sol vents having | ow hydrogen bonding affinity,
whi | e propyl ene glycol and DI are the hydrophilic solvents having high
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m xtures that cont . t t hat t i
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i ah | ot . _ . S _ hahg ; d
oxt rast | NGV, Ok MBloburHIGH IRPRILAPLIEA Bidrodut bond g afbP T, ot age
of hydr opmajority afcaick ektractingbsniver@ontaind the hp@ophopiersodventiwheradhght ), nore

f bl but 70 t I 98 %, . t bl t 80 .t bout 90%0

o about PoISte AL EHroRonls e inBpeu bR Eieragispd ftRerdentiy 10 about
90% The vy 9§ Wndfe PRIfERLIPALARY NbdIRRAIDS %, BidsY pRéfefdbly BbsuESd kRct i ng

sol vent is about 15 to about 200 Daltons, nore preferably about 15 to about

100 Dal t @hout BRUMH t@s@hsfutéaﬁc%l(p@woeehby wei@mto»dﬁowpmfﬂ@rabwmqt 8bto10 )

DPM DL, 90: 1 M 0:,10, DPM. |

exary s PN AR cERF TS AT ERBL P PE N RPENE SRS E B &8s ana 15
DI are tRkeVeptis@hAGU R0 AUl PO0IDAMETR, tndra\dreferaisly dboveh B thiasbubydr ogen
bonding affinity. At hou%g t he choice of extracti nﬂgsol vent is critical to

t hi s i nvdRPildaltonseExamples®f sHgh selvients mebwlenl0:30) IBM:RY ¥6tQ ai n physi cal
par anet er, For : phobi ¢
ronomer & DR B 9957 TR CersPyBh e ol o50:1 8 B uBby KR B rin WEF S Ene

agi t at i ngxamiples ?Pieahd DRVIGIre aydrgphiobis $olventefanidseropylenaddlyen) apdocedur e
and any conbination thereof.  Further the inventiagn |ncludes a nmethod of
rel edsi n@'a’ﬁ@ t'@&ﬂ‘?%é’&“?'ﬂ@jﬂ%‘ﬁ’@@hbﬁ@'&’ﬁﬁ?ssh%%F@'@f'\ﬁéy ﬁiﬂh 86f8 and

hydr ophi ljsnq ?ﬁ’iﬁﬁg’ where the nmethod conprises, consists essentially of,
or consists o he Steps of treating 25 the cured polyner with an

extracti ng solAlthoughvhechbitesHiectragtingisoivegt salrifieat to this invention, the

method may be improved by adjusting certain physical parameters. For
example, a greater percentage of unreacted hydrophobic monomers can be
20 removed by raising the temperature of the solvent, agitating said solvent,
increasing the time of the extraction procedure and any combination thereof. -
Further the invention includes a method of releasing and extracting
cured polymers comprising hydrophobic and hydrophilic monomers, where the
method comprises, consists essentially of, or consists of the steps of treating
25 the cured polymer with an extracting solvent, wherein said extracting solvent
when measured at 25 °C
(a) swells the cured polymer to at least 15%, and
(b) has Hansen Solubility Parameters within the ranges of
8H = about [8Heq poiymer + 2.5] to @bout [8H,eq poiymer ~8-91
30 8P = about [8P 4 poymer + 0.5] to about [8P e poymer -4-0] and
8D = about [8D 4 poymer + 2.5] to @bout [8D¢,req polymer -2-0]



when neasured at 25 C (a) swells the cured polynmer to at |east 15% and (b)
has Hansen Solubility Parameters within the ranges of 5H = about [BHcured
pol ymer wWQ@os36669 about [bHcured polynmer -8.5] 30 5P = abpat/UpBRusseed
polymer + 0.5] to about [BPcured polymer -4.0] and bD = about [ SDcured
polymer + 2.5] to about [SDcured polymer -2.0] 7 WD 02/36669 PCT/ US01/ 47536
The terns W@F@EHWHFQPW ﬁ?@rhryﬁmﬂh"@ HEReMef a&ﬁcﬁ@)@@?'ﬁ%tsph’&nﬁbﬁ‘(/%nt have

their af qﬁ&pﬁfgrbﬂ-{éacgﬂgfj'dé‘ﬂhltﬁﬂg aﬂ@%r@fe‘? ‘?jrrra‘ﬁ e52R%e %]f'ecf E&E/ errgd

polymers are con enses and 1 nt'rao cu enses. t he
i nventi omremhtaﬂﬁ%r&;qscﬂndmtrabbalbr lehsaBde by a net hod of 5 extract| ng

ot hod” conpr | St TUBBRE INel VRt e RicRs S0l er QAlds Sradk 35‘?{&3@9@&}“ the
treatisng éxh%cﬁh’c\j/%grébo dlgﬁ{ né%‘gé&gﬁgmgﬂyd‘?@ﬂdtﬁc 8R4

Vrﬁﬂ?
extractl ng solvent (a) swell's ? e cure pofyrrer from
about 0%wheralbbamdibed c@mpnslae (;du)smtaesslammilty obubdnsisty dPdhastepsraf wi t hi n

t he rang = o about red pol yner
8os - o tealpghe pull o iean BsHEia soerk W reee s oxcrofier 4. b
and 8D 'soﬁ}é‘h%'wr{eﬁ[?ﬁéé@@reﬂoétWTCJf 2.5] to about [SDcured polyner -2.0] 15
In order to illustrate the invention the foll ow ng exanples are included.

These exanpl es{a)jS)WﬁHﬁ tha wr’edtn@éymawfemnamutﬁ%to abeutn®Qiht abdl y to suggest a

rreth of pra ble in polyners as well
e otfler specital firs Engn ol iBlh HraeRS g ”ﬁé’ﬁ% 4ol 't he. | nvent ) on.

However, thosegH®ineus [5H e G (geerrmcg EEtotEbthIému ] Itranersg@])e of this invention.
20 All of the references ¢if88 in this applicati'ofi“are her eby i ncor por at ed

by reference 6PE?(ANBUE$PJJQ§0W;L691+Im&yto@b@hb[&éﬁr@gdwmsﬂf (Gkamdused in the
exanples | PA = isopropanol 25 DI _= deionized water = di propyl ene
g| yCO| di net h)ﬁlD tﬁb@ﬂt 8Dcured polymer +2. 5] to about [8Dcured polymer 20] .

15 In order to illustrate the invention the following examples are included.
These examples do not limit the invention. They are meant only to suggest a
method of practicing the invention. Those knowledgeable in polymers as well
as other specialties may find other methods of practicing the invention.
However, those methods are deemed to be within the scope of this invention.

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)



DPVA = di propyl ene gl ycol nmethyl ether acetate DPM dipropyl ene glycol

met hyl ether TPM = tri propyl ene glycol nethyl ether 30 Macroner A = the
macromer veabys@nti al |y prepared as described in Exanpl e PET/ORIIA7SR6 Pat .
App. Ser. No. 09/957,299 nPDVS = nononet hacryl oxypropyl t erm nat ed

pol ydi net hyl si | oxane (MW 800- 1000% 8 WD 02/ 36669 PCT/ US01/ 47536 Exanple 1
Eval uati on of DPMA and | PA as ExtrB¥@MBE Bol vents The ability of DPMA to

serve as an effecti I@éﬁ&%bpmﬁ hM‘F[BA a%;tr%‘ﬁﬂ!g%lggnﬁy exam ning | evel s
of unreacted hydr o%rnmmwr%mm—cu : residual level is
defined as theérrahlity affDPMMACOEIESS at fant effentiae extractag seldent waspol yneri zed
after a lens i s adequately cured. The no ture that ?ogfri sals

p i nut es

oner m

acquaf i | @YRIYRteESY exanweing devels PéHﬁEeaCE%gh}r@ﬁ’QE]Q ICJRENeMEER TPBY Cyfe
to 60cm - ' i i P P b HeRdinand
Vi Si bFe P%T@ﬁ% (Sfr%%@%ﬁﬁ/edﬁ%b\%ggéew gﬁg'ﬁ%‘”&%‘é‘?%g{bﬁrﬂ%ﬂtﬁﬁi a pelgk maxi mum
 encos o {ront oreor e removed oM e {Panee. using taseser o Five
|enses wale GOBOMEY a5t Riftapr R A ariaan Wesroatedio'? s | | at i on
{hough 5 g Ereei 2R M0 N e iR to BORGRLRE, b g R e e i vel y.
Cﬁncur r elrﬁ-oemperésmmiilaemmm s‘rsibllelﬂjggts(:cv'my)lé H?ghawavelengm: r358®t—46‘(ggrrsol vent .
The resul ting extracts were alyz or mac DVB .an t he | evel
(o dhc  PEHER EPK GUPUTHER LA 25 Pib (1CSee BPPI T 201 TEh) aRBS SSSHIS sampl g
wer e analyzed \R/ﬁfe @@-ﬂﬁﬁdé@ﬂ%ﬁ@@ oﬁ?f%ﬁﬂ%?de’?,eé{nﬂ fBRt thelfrdtyds ophobi ¢

e final polyner. These

b
conponents I n t I gures show that DPMA extracts
t hese hydisightweezenononers at a | evel which is conparable to | PA over a

;gggegof ' errpeFri\?et ern%%S W\Aéqrgra%chpa%ellyevb/&bﬁeg rineto r1:[i1\)/esatinc(j‘"l\cl)ld %1 8 alsg at 60C and
scintillation vials and 5 mL of DPMA (DOWANOL®) was pipetted into each vial.
15 Vials 1 though 5 were sonicated for 1 hr at 25, 35, 50, 60, and 70 °C,

respectively. Concurrent experiments were set up using iPA as the extracting

solvent. The resulting extracts were analyzed for macromer and mPDMS and
the levels (weight percent) obtained are tabulated in Tables 1 and 2. The
samples were analyzed for these monomers because they are the most

20  hydrophobic components in the final polymer. These figures show that DPMA
extracts these hydrophobic monomers at a level which is comparable to IPA

over a range of temperatures, where the levels are most comparable at 60°C

and 70°C.



WO 02/ 36669 PCT/ US01/ 47536 Table 1 Tenperature and Sol vent Effects on
Resi dual Macronmer Extraction from Lenses Tenp. C DPMA I PA %[ by | ens

wei ght] ww@by3déens wei ght] 25 0.355 0.486 35 0.460 0. 54PCT/BS0147480 0. 566
60 0.524 0.586 70 0.519 0.565 5 Table 2. Tenperature and Sol vent Effects
on Residual nPDMS Extraction from Lenses Tenp. C DPVA | PA % [by | ens

wei ght] % [by lens weight] 25 0.47 aplefoo 35 0.472 0.491 50 0.475 0.484
60 0.486 0. . n
Leachable. LovaPerapRy D SO ErficeR sl TRIRSER! BAFaEIORRO? o
This experinment determ nes the | evelLended eachabl e hydrophobic nononers
whi ch can be obt ajhedfremecured polyyprs—that—wereextracted— 15 with

DPVA. A | eachabl e | ;r\i"‘éT'p-if def i neEUQEIMAg anmoynt 0_1: QsAD;(;n;F or nonormers)
subsequent | y. extrhot od wi th anorley ool Ver yh BN ToS ROTEbcequent
extraction solvent is RBA. The nono@ed55m xtureg that 0c48®ri ses | acquafil con
A was | oaded to frames_—andcutted for 8 mnutegto 60 M putess—at 10 WO
02/ 36669 PCT/ US01| 475389 0.460 0.549
50 0.480 0.566
60 0.524 0.586
70 0.519 0.565
5
Table 2.
Temperature and Solvent Effects on Residual mPDMS Extraction from Lenses
Temp. °C DPMA IPA
% [by lens weight] | % [by lens weight]
25 0477 0.490
35 0.472 0.491
50 0.475 0.484
60 0.486 0.503
70 0.490 0.486
10 Example 2

Temperature Effect on Leachable Levels of Hydrophobic Monomers from

Cured Polymers with DPMA
This experiment determines the level of leachable hydrophobic

monomers which can be obtained from cured polymers that were exiracted
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



55-70C, using dinethyl-3-octanol, as a diluent and visible light (visible
light (wavel ength: 380-460 nmw th a peak maxi num at 425 nm dose: appr ox.
2.5 J/cv@)02/3deed resulting | enses, 3 franes (24 | enses) weerUda/4Tedcded
(lenses on front curve), strapped to cyclic olefin copolymer (TOPAS(r))

| eachi ng/ hydration 5 vehicles and placed in a jacketed 1 L beaker,

cont rol | 88-HYCa usingdimathyd-aetesp!, ascaditueniandevisibinlight tvisinla lighf sol vent ,

PE%&SWW%%'%@%%%%%%W%’ e AR haR T oD APRRE 5

franes agbrh@nge) restitiaghenssy 3ifrardles (2hieteds) Wate tleaholie€ (letess ool | ed by a
circulating water heater/cooler. The water was 10 agitated by circul ation

at hi gh $pséauiys) n@tr%ppadmeqy@h@nlemt@pomm@w@%ﬁ\s feaghing/hydratioo | enses

wer e thda bl ot t r at he nt Q cintillation
Vot S N et BlacRdan RiaRed i bBhRey HRSIELY A Qlathubiet at e T or
1 hr. Sampbes/cMRi&r. PTiePaktesbting st coP#ABEEAM) Wptadddd (N3gachabl e nPDVS
1000 and macroner. Concurrent experinments were run 15 usi t%eDPIVA as the

extracti mj-/leis) end agitatechpy eamagretis stizmr fgn90 euin aiRE °Co A therenhelt i vel y.
show ¢ nat SpRrottEInE VBl Bifie ARYBASKE) brd Hacecip dhBOIAE L 1)

175 ppm fragékat PBPCG cbﬁfrellewl byb&Sncﬂ)atm@mt@&hbatdr&mla The 6R2BerlRQ® - ppm are
obtained when i PAis used as the initial extracting solvent. The | evel_ of

20 | é8chapltateskhy 6»&@#3@@&atsalgessmp@wsmg:aw@mﬁj&@satw%f FiseHletorp &8 ur e and
I habl df | PA
eacha gﬂpﬁglénﬁ S@gl ﬂﬂdr%gﬁﬁg)!]cg e%o(gﬂgaérﬁﬁ %l iffSgr ved for

(600- 100 ere | a significant
advant agemnlhllamcbmglaDPMQ(eaaLmﬁll%@(mdctﬁd todheemdl aralt thervidiiveas | PA. 1 n a

production en nme due to IPA' s Io flas 0|nt nd hi gh vapor
DO os s SPaicplad BT RL SeamlctivereHiSRArRY a0 A B SHaAk Bf ash oo ne”
(187 C) 3ubHBYE MHIIVSH GFPHRE mder eF“U%n@l%Qanﬁé?ln%erﬁQWé?@truﬁay bev\oused

at elevated tenperatures wthout the acconpanying safety hazards. 11
02/ 36669 uBiDy DRMA 43386 extratiirg saalvemtmirtajmeeatﬁfé ot 35,000. 68 @nd="GyPDVS and

Macr omrer rgé(pgcarc vel ”Tr‘x% Fehsults o%es?e@peri?neﬁ%e Qa%léﬁ%%i irl\}/q.%rb?eng.r T(hrég/ Kg)

results show that at all temperatures, the leachable level for mPDMS is less
than 175 ppm (mg/Kg on a lens wt. basis). Typically levels of 600-1000 ppm
are obtained when iPA is used as the initial extracting solvent. The level of

20 leachable macromer decreases with increasing extraction temperature and
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. In a
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



25 <175 2732 35 <175 1250 50 <175 862 60 <175 656 70 <175 581 5

Exanpl e 3 Anal ysis of Leachabl e Levels of Hydrophobic Mononers from Cured
Pol yrmer s wo\02/Bs6BMM Thi s experi ment determ nes the | evel oPCT@acivabice

hydr ophobi ¢ nononmers whi ch can be obtained fromcured polymers, initially
processed or 10 extracted with DMM_ I n exanple 2, extraction was
acconplished in a cyclic olefin copgﬁpﬂ%ﬁ (TOPAS(r)) I eaching/ hydration
vehi cl es, ' | ' | 2l g Adal ation
Vials. The TemERELIL Bt o LaRNBIE KIS A R e T 8 0t he
frames and cured for 8 mnutes to @&PMAnutes, at 55-70C, using

di met hyl - 3- oct gnol—as—a didluent and visible light_1s {visible Light

(wavel engt h: 380- 460 AEMR-IF a peH!PDMﬁM) 42 %ﬁ?Wé@!g/Kprrox. 2.5
J/cnR). Ten | enses wer85rermved fTomfg s—and |pr aced J7g0 each|of 6
scintillation ials. 10 nL DM (1 nL per 1ens, BROGAY was addgd to each
vi al and shaken for 30381 nutes at 175 <4176 on a Ther nol yigs0Type 50000 20
Maxi-mx I1l. At_the end of this period_lenses fromvial -1 were
equilibrated i 250 nBODI watey, by sheld@ ng for| 1 hr a8b475 rpm| After
equi libration, the10—Fkenses were ildrel,féih‘-)t ed, btjotted dBS and—acdur at el y
wei ghed into a |scintil Pgtion vial. Five nL of sopropano? was added to the
vial and the vijlal was ggnicated] for Ifps The PA extragBiwas anal yzed for
| eachabl e nPDVEB_and macroner. 25 The DM fromthe remaining vials were
decanted, and 10 niL aliquot of fresh DVWM was added to each vial. The vials
wer e shaken for 10 m nutes, which Eggﬁ@} uted "1 cycle". The procedure was
repeat'ed to generate sanples after 02/ 36669 PCT/ US01/ 47536 cycl es,
wi th fresAnBiWlg sfilleawhabld bevelx bf HetrophobleeMsehanters froeaClareyBblymersol | owi ng
each cycle, lenses were equilibrated in DI water and subsequently

extracted with i PA as descri bed ab¥Ut DM | pA extracts were anal yzed for

This experiment determines the level of leachable hydrophobic

monomers which can be obtained from cured polymers, initially processed or
10 extracted with DMM. In example 2, extraction was accomplished in a cyclic
olefin copolymer (TOPAS®) leaching/hydration vehicles, whereas in this
example extraction was done in scintillation vials. The monomer mixture that
comprises acquafilcon A was loaded to the frames and cured for 8 minutes to
60 minutes, at 55-70°C, using dimethyl-3-octanol, as a diluent and visible light
15  (visible light (wavelength: 380-460 nm with a peak maximum at 425 nm, dose:
approx. 2.5 Jicm?). |
Ten lenses were removed from frames and placed into each of 6
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 lll. 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



| eachabl e nPDMS and nacr omer.

nPDMS and Macr
my/ Kg,

oner

The data is tabulated in Table 4. 5 Table 4

Extraction using DW ( Resi dual
maxo omeiss9 7184 ng /K Tinme (mn)/Cycle nPDVS (ng/ KBOT/NBEW4IRES:

| evel s -

nPDMS: 6706

(ng/ Kg) 30 1031 2678 40/Cycle 1 <225 1879 50/ Cycle 2 <225 1807 60/ Cycl e

3 <225 1595 7
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' 60/Cycle 3™ <225 1595
70/Cycle 4 <225 1513
80/Cycle 5 <225 1531

Example 4

Comparison of % Swell of Cured Polymer in a Variety of Solvents

The procedure for testing the swell of a polymer in a number of testing

15

20

solvents is described in this éxample. The monomer mixture of acquafilcon A
was dosed into molds and cured for 8 minutes to 60 minutes, at 55-70°C, using
dimethyl-3-octanol, as a diluent and visible light (visible light (wavelength: 380-
The

resulting discs, (thickness range of 70-110 um) were fully hydrated by releasing

460 nm with a peak maximum at 425 nm, dose: approx. 2.5 Jicm?).

from the molds in 60:40 isopropanol (IPA) / deionized (Dl) water, extracting
additional residual monomers using five aliquots of 100% IPA over a period of
ten hours (two hours / aliquot) and then equilibrated in deionized watér. These
lenses were then equilibrated in the various testing solvents as well as
physiological saline. Measurements of lens’ diameters were made and a
comparison of % swell made. The % swell was calculated using the following

equation:

13



could be utilized at higher processing tenperatures. The matrix swell of
the polynmer in DPMA, over the tenperature range investigated (25-700), was
det er m nado ansbebound to be linear. Table 5 10 % Swel | i n RaTUSUE7TIBSt

Sol vents Test Sol vent % Swel |l Physiol ogical Saline O DI Water 0.56 |PA
52.36 n-Butyl Acetate 31.12 Proglyde DVMM. 29.83 = Dowanol DPMA* 24.24
Dowanol DPMVA @ 35C%eweh= DAGE 'etbém'@@otﬁ exfracting - lepfn @ 60C
31.91 Dowanol DPMA @ 70C 3 {a%é,e j 9 1. of Coated
Cured Polymer in a Variety é oﬁe\%ﬁ?@}&%gﬂ%&%{dgzg&s@%late V\Blhth pol y
HEMA wer e prepared as descr phgsiological Salibelnpl e 14 of U.S. Pat. App. No.

09/ 921, 192. in the ne h Exa 4. | enses re re|l eased and
equi | i brgt%@dgg%‘ &%rges"éﬂ?lg @g%ﬁé '%ngﬁe%&hg‘g&g- Eb?\éﬁwio& é!f‘é’ﬁpﬁ]@ only,
the syel 'vo%ﬁ%f?%hﬁuﬂé’rﬁﬁ%bﬁlﬁy T8 theviaotd %ﬂ\%l{l%mﬂtﬁi’s pARRUMr S8vEhnet er
of the | ens ldis the dianeter of the nold that forns the cured article
20 Y%swel Icoalts baultiized tat dugherl poessinpetespdiraiveesr The matriaswetigofsibievent -

di ameter | ens nol [ di aneter, | ens | dl. 14,. WO 02/ 366 USQ1l/ 47536
Cai cul at PR TIGle Mo YA, YRR b8 et TRreflis Jende; Ve AR a0 Be Fitens "ol o
met hod  tfeddrmifed GAM Rt BellipeaPout 5% preferably about | to about 2%
greater than calculating the percent swell using the dianmeter of the

pol ymer in an aqueous solution. 100e¢blBFM 100% TPM 90: 10 DPM DI, 90: 10
TPM Ii) , and 90:10 5 | PA: %ﬁé}fir‘t\%ﬁ&% %st@oh?er?t@d t he percentage

swel I'fens nold nethod was

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 Y%swell s mod method = 100 X [(lens diameter in extracting solvent — diameter

lens mold) / diameter lens mold]

14



46.5% 26.5% 17.3% and 51 % respectively. A summary of the data coll ected
for the percentage of swell in different solvent systens is presented in
Tabl es 6&y0®#2/3@ne 8 bel ow. This data shows that aqueous nPgrT/UREH76836 TPM and
DPM are the preferred solvents for extracting a poly HEMA coated | ens. 10
Tabl e 6 DPM Sol vent System 60C (renmai nder H20) Sol vent Conposition

swel | | en<apyiating theawetpy th@cm@,@w regultsin & peraenagesswWakled8.u0ertabl e 7 TPM

05 255 5 HRAN appLETH BGL: S broBRRbot TR SO T Bl e | ey
ggoé ggloadmﬂl 6at®tg’rtbmspérbelgt é?ivell Msklagsh@dladnalet gbth_le_a( BOlymed(h 48. a’nﬁueﬁgls) ﬁgt r1at 22
t hat |en§@iﬂt&&Eﬁ§5%§P [ §&t18@*%'}4'5'| %&&ﬁp@wﬁ G[&}qﬁn agueous
sol ut SOr‘SlPAstF\WePéteQPMA‘a @G‘arﬂ%b' ﬁﬁ&é‘itﬁ@e sfidiiect |y t owaguapys, sol ution

wi t holt inducing 1 nterna st resses. [ PA E"sm‘éﬁ‘et?ﬁt raction sol vent
yi el ded |45%s 2&5% 47 B&% gmd/ﬁ‘t‘i/oa'elspactlvrely i Aalumlreasy ofdherdstaicolléctadi fornmity

even wit r}orthset Sgrcgg%e rfas(\j/\} dlﬁe‘eren{1 g&vént Sys Rfeths ?st Sr%s%%}“é‘d in Tables
6, 7, and 8 below. This data shows that aqueous mixtures of TPM and DPM
are the preferred solvents for extracting a poly HEMA coated lens.

10 Table 6
DPM Solvent System @ 60°C (remainder H,0O)

Solvent Composition Swellie mod metrag (%)
100 49.3
95 35.7
90 26.5
85 19.9
Table 7
TPM Solvent System @ 60°C (remainder H,0)
Solvent Composition Swellie mod metnod (%)
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 Swell e mod methog (%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



15 WD 02/ 36669 PCT/ US01/ 47536 gradient from | PA to aqueous sol ution was
exam ned and the |lenses found to have a tighter statistical distribution
for | ens'wadbzsmber. Lenses extracted in DPMA and equil i bretr/@dowdi7sssct |y to
aqueous solution also demonstrated a tighter distributi on removi ng the

necessity of the additional processing step. 5 The rmng m xture of
acquaf i | coRdenidongy §2a do ﬁ‘ﬁt‘@o%ﬁ@is'tlaﬂd”a&ﬁwmﬁéranﬁ‘ thedensas Io¥ngdOni nut es,

at 55- 70G,, \}bﬁ%“ﬁ hillr g4 tmlkﬁﬁmgg%)ﬁg%’foﬂé cﬂéﬂn\é‘eé}t Leeds \EhdableR i ght

(visible Ti wave engt eak maxi mum-at 425 nm
dose: applDEMA and eb’udlhﬁated da@ctpio bgdéds wltmon aslosdernonstoabedd tighter

extraction in 100% | PA . and a radi ent tqQ aqueous sol ution
equi | i br adisRutian; W%Wﬂle B?C%%'ty@gthe \é\g@&gnal(ﬁog@ssm@gy@ wat er rel ease

from Ids S ous
Sorut Pon aqui 1 |58 Thofiin b oT A RRRAIBNSA s AR RIS ahd ARMECLS

100% DPNVKXor @ miratea s 68xhinaitds, @b %nm“tﬂ rt&;mg dipethyis3-egtaridl bas i diluent

Measurenent of | ens' dianeters on 10 es we oth x and,y
i T o6t | orAd YSIE RaLE(SIE iGhG eeeleRat SH0-460 B00U 2 PRARAANBITEEE

condi tionygo data 2 resented in Table 9. 20 Table 9
Conparii son oﬁnﬁxt ragﬁ5 E% F@r ation Condition Hydration Lens # Dia. X

Dia. y (nm 6040, |IRAIDI wélmdelbaeeﬂo(mvrrbldsm)xtratﬁdﬂJrﬂ.WO%AIFB’SLénth ﬁéﬁ 2
14.150 14.152 14.151 3 14.171 14.165 14. 138 4 14.179 14.208 ié
14. 159 14. 289w giadienigto) aqyeuy soluion) gayifbragign 49 iBCrements;of 14 177
14.202 Rel q@pe, 8 14.144 14.188 14.166 |PA Extraction 9 14.179 14.194
14.187

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

16



16 WO 02/ 36669 PCT/ USO1/ 47536 Abbreviated Step- 10 14. 345 14.183 14. 264
Down Avg 14.189 14.196 14.193 Std 0.059 0.047 0.052 WMax 14.345 14.314

14.
14.
14.
14.
14.
14.
14.

345
137
127
186
144
137
081
14. 610 14.
14. 613 14.
DPMA Extr ac
14.589 14.5

2
5
14.
14.
14.
14.

DD OL P

Mo 023668914 14. 152 14.144 Range 0.201 0.162 0.201 PAT/U&0114r33614. 163
14.112 14.148 14.130 3 14.108 14.159 14.134 4 14.128 14.125

149 14119 14 134 6 14,135 14 _170 14.153 60:40 | PA/D 7
ehbbreyigied Rigrease #014 1zb£§&§133 144488 | PA £4264ctipn 9
5 4 sty B opr i 4 bttty 1 R 12 13
B1 Range 0.078 0)088d0. L050.059L4. 397(1G4ﬁ06 14. GN@522 1#. 615
13 3 14.591 14.588 14.590 4 14.614 14 616 (14.615 5 14.614
14 6 14.602 14. badlag. 5941 Rel ed8S1# 14 6134845%10| 14. 611
70 457y gk S0 B et A bl g a1

Range |  0.201 0.162 0.201

1 14111 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

1 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

17



Avg 14.602 14.602 14.602 17 WD 02/ 36669 PCT/ US01/47536 Std 0.011 0.011
0.011 Max '14.615 14.616 14.616 Mn 14.588 14.586 14.586 Range 0.027

0. 030 0. B0 o02/Becenpl e 7 Rel ease of ' Lenses Using a Vari ety PET/ESQW4636 on

Sol vents The nmononer m xture of acquafilcon A was dosed into nolds and
cured 5 fqr 8 minutes to 60 ninutes, at 55-70C, usmg di met h I-3-octano|,
as a diluerlt and visible Ifgd(vjsi80d1ight \Q@Qﬂel engt h: 0F8GL 460/ nm wi th
a peak mexijmum at 425 nm, d%g(: app|r406<1 2.5 J,{{ ubspﬁqﬁ@@tly, t he

| enses werg subjected to alvarietly of vents to reI ase e lenses from
the nol ds. [The four groups pf Misol verﬂt45588| | f ze1:|4\'566e l|PA, 146860 |PA/ D,
DWW and DPNA and the rel ease_was uctled | nt be eratjure. The
time necesdary for the | enseBapSerel eég)g from tﬁeo physi cal
characteri stics during refease were observed and recoroea. The dat a
presented in Table 10, shows that both DVM and DPMA have di stinct

advant ages over |PA or |IPA in conbExatnpen/with D (which has an equival ent
% swel | to DPMA) ' [ an/ or the physical manner
of release of thdielgaseollenses dsinga O (VG

Rel ease Ti ne | ( nsNe y
formng wi nk?pe}-s%m@hh R{yomgﬁg?lépgg@mgi@AA<%gggé§d:eﬁ§? ng étbpg?gréa’% t he

i nt er $ acéomd niintifes tor@ll mhjnutes Wt tB5AH09C) usingadimatbygl-3-octamel, dseasidgent

and visible light (visible light wavelength: 380-460 nm with a peak maximum at

425 nm, dose: approx. 2.5 Jilcm?). Subsequently, the lenses were subjected to
a variety of solvents to release the lenses from the molds. The four groups of
solvents utilized were IPA, 60:40 IPA/DI, DMM and DPMA and the release was

10  conducted at ambient temperature. The time necessary for the lenses to
release from the molds and the physical characteristics during 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.

18



18 WD 02/ 36669 PCT/ US01/ 47536 Lenses swel |
60-90 25 thinner
t hen pul Iwobyamed rom t he edges.

port

uniformy thr oughout

ion of the |

Lenses swel |
DWVM 20-30 30 the bul k of the I_ens,

fir

PA/ DI | ens),

st

In the center (the

60: 40

formwinkles & folds and

rel ativel y BCDWRY1/4163b
resulting in a

uniform rele —lenses swell relatively slowy and
uni form y thrloughout [DPMA 20-30 24 the bul k of |t kensesmgwell fissfint | ng in a
uniform reldase fromthe nold. Exanple 8 Rel ¢aseqypf é;ﬂ?%&geLemes Using a
Variety of EXtraction/ Solvents Contact |enses|coa edcvm poly HENVA were
prepared as dese®ubed| i n 68-Fxanple 14 @b U. S. |RainneApprtidioof the/ D21, 192.
Usi ng the net hodﬁz[é BExanple 7, the | enses were rerléa ed fr,olgltgg nol ds and
equi | i brat ed I'sbl ution for [about 2 hourseAhelr@BhWERKES rel ease
time swell and anmount| of extracted residuals werfgld ﬁ%ﬂédml Table 11.
| medi ately dafter release fromthe nold materilals the | enses exhibited
sonme physi cal| di stortion (wrinkl ed edges). 10 Homee'énmtmse@gem al | tested
sol uti ons equH-brated—wthi-n—15-20—n-rutes—afte rel-ease—toe—gyve snooth
rounded | ensgs. This exarrpl e proveés that |enseg r HeDgES WAl ext r act ed
with the testled solvents swell far |ess than 'E‘”Feﬁétlvely slowly and

uniformly throughout

DMM 20-30 30 the bulk of the lens,
resulting in a uniform
release from the
mold.
Lenses swell
relatively slowly and
{
uniformly throughout
DPMA 20-30 24 the bulk of the lens,
resulting in a uniform
release from the
mold.
Example 8

Release of Coated Lenses Using a Variety of Extraction Solvents
Contact lenses coated with poly HEMA were prepared as described in

Example 14 of U.S. Pat. App. No. 09/921,192. Using the method of Example

7, the lenses were released from the molds and equilibrated in the solution for

about 2 hours. The temperature, release time swell and amount of extracted

residuals were recorded in Table 11.

materials the lenses exhibited some physical distortion (wrinkled edges).

10

release to give smooth rounded lenses. This example proves that lenses

released and extracted with the tested solvents swell far less than lenses

released and extracted with IPA.

In addition, this demonstrates that lenses

19

Immediately after release from the mold

However lenses in all tested solutions equilibrated within 15-20 minutes after



rel eased and extracted with IPA. In addition, this denonstrates that |enses
19 WD 02/ 36669 PCT/ US01/ 47536 extracted with these extracting solvents may
be equi |l Voo avadedi rectly into water w thout using a stepPdDuROI768eduUr €.
Tabl e 11 Sol vent Tenperatur Rel ease Swell (% Leachables Systeme (C) Tine
(lens target dia. 14.2 (gg/alzg%) (remai nder (mn) my H20) nPDMVS <285
Macr oner exBagtedgwitiyfhgag exraciing sotyents may, beyre agedidirepiht BioWRIE  nPDVS
<286 Magy; 7, 0% 6.5 Tris 1.61 HCPK 2.13 Norblock <3
SPous sl hELHeEa S A bR e > T Lo o T1 88 HGPK 1. 00 Nor bl ook
<3 nPDVS <289 Macroner 5046 85 %apbRMM80 18 15.6 Tris 1.78 HCPK 1.99

< 0 i )
Nor bl ockSo?venrtrPDIVB 860 Macroner 4964 9 wéiﬂoi?" 80 26 22 I\?,eTr Ia?)lz 28

emperatur elease achables
System e (°C) Time (lens target dia. 14.2 | (mg/Kg)
(remainder (min) mm)
H,0)

mPDMS <285
Macromer 4603

85 % DPM 60 22 19.9 Tris 0.77
HCPK 2.47
Norblock <3
mPDMS <286
Macromer 4087

90 % DPM 60 18 26.5 Tris 1.61
HCPK 2.13
Norblock <3

mPDMS 568
Macromer 4961

85% TPM 60 53 12.6 Tris 1.98
HCPK 1.00
Norblock <3

mPDMS <289
Macromer © 5046

85 % TPM 80 18 15.6 Tris 1.78
HCPK 1.99
Norblock <3
mPDMS 860
Macromer 4964

90 % TPM 80 26 22.3 Tris 2.28
HCPK 1.13
Norblock <3

mPDMS 335
Macromer 4428

90% TPM 60 30 17.3 Tris 1.55
HCPK 0.9
Norblock <3

20



HCPK 1.13 Norblock <3 nPDMS 335 Macroner 4428 90% TPM 60 30 17.3 Tris

1.55 HCPK 0.9 Norblock <3 20 WO 02/36669 PCT/US01/47536 CLAIMS Wat is
cl ai med w0 0236669 met hod of extracting cured pol ymers conpPCBURY/4T§Er ophobi ¢
and 5 hydrophilic nononers, where the nethod conprises the steps of
treating the cured polymer with an extracting solvent, wherein said

extracting sol vent when neasured atC

(a) swells the cured polyner from

about 0% to about 50% and (b) has Hansen Solubility Paraneters within the
ranges of 10 8H = about [8Hcured polyner + 2.5] to about [8Hcured pol yner
-8.5] 8P Whabisuilaih®itigr ed pol yner + 0.5] to about [BPcured polyner -4.0]

The mothotl of /igtod opRaFerineead eaeR RSB ba AYIICPNSBIATLG from 15

t he group con
acet at'e,

et her,

di propyl ene g

di pro

I ene glycol er, tripropylene g

di pr opytreatimgothecniredpblymdr vatthan extiagtimpyoleeant, gihecein sdiidret hyl
| ycol .methyl ether acetate, . di_propyl ene glycol nethyl ether,
ge?g{;r@&tlngr@p n?Wﬁerm%WrHSﬁgﬁegt hereof . 20 3. The nethod of

tripropyl ene

ol aim 1 wher ei(@) sifls 814 Ediehi iy het i abot Dok &5 BBHuf SO, ahlte ar oup

consi sting of butyl acetate,

gl ycol
gl ycol

15

20

25

30

met hyl
met hyl

yl ene gl ycol

ycol N-propyl

et her

i net hyl "ether di propyl ene

prop
(b) hes HanseatSolubilifyrRarghetiersgivijitiolthesamges et her tri propyl ene
ether, and njxtures t of . 25. 4 The d of claim1l
wheréin 8H is abgﬁf 'S‘B@Utt'gwabwwmerlﬁ?gigp @?Oaﬁ@h{wred polyme[TFé_E]o

8P = about [8P yeq polymer + 0-5] to about [6Peq poiymer -4-0] @and
3D = about [8D,eq poymer T 2.5] to @about [6Deq polymer ~2-01-

The method of claim 1 wherein said extracting solvent is selected from
the group consisting of butyl acetate, propylene glycol methyl ether
acetate, dipropylene glycol N-propyl ether, tripropylene glycol N-propyl
ether, dipropylene glycol N-butyl ether, dipropylene glycol dimethyl ether
dipropylene glycol methyl ether acetate, dipropylene glycol methyl ether,

tripropylene glycol methyl ether and mixtures thereof.

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.

The method of claim 1 wherein §H is about 3.0 to about 14, 8P is about
2 to about 6.6, and 8D is about 14.0 to about 19.

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

The method of claim 5 wherein said extracting solvent further comprises

21



2 to about 6.6, and 8D is about 14.0 to about 19. 5. The nethod of claim1
wherein said extracting solvent conprises 30 dipropyl ene glycol nethyl

et her acav@anz3eedd propyl ene gl ycol nethyl ether, or triprpEpUSee7§I6ycCO

met hyl ether. 6. The nethod of claim5 wherein said extracting sol vent
further conprises 21 WO 02/36669 PCT/US01/ 47536 deionized water. 7. The
net hod of cl aid@IONIHPEWSI- sai d extracting sol vent further conprises

propyl ene glycol or deionized water. 5 8. The nmethod of claim 1l wherein
said extracting solvent conprises about 70 to about 98 percent by wei ght
di propyl @ne giMheometreiched cleinhBiwhesein daid pxtrpglirensolgeytcfortheecompriseder and

about 2 to about 30 percent . wei ght, propyl ene glycol or deionzed water.
10 9. The net rﬁ)é@upﬁfﬂn&gi)fﬁ@ra%w@ﬁﬁ%&%fﬁg extracting solvent conprises about
80 togsabout 90 percent by weight dipropylene glycol nethyl ether, or

tripropyl ene glycol nethyl ether and about 10 to about 20 percent by
wei ght prBopy! dine miethwaal obelaitel ovierdinveeia extrastingsolVaet canpidsesodbedtai m 1,

claim8, or claim rein said cur ol roi n t hal m ¢ devi ce.
11. The et hog%otp %?O\ilq%slp%@? ynw?@gg%épgggf'eQﬁgoiﬂ}egwﬁéﬁ?wgr i s about
20 15% to abowfipPRenblglyéolmétgretfbr ARH aBBUNY t8BBOAKSN detdd byur ed

pol ymers conprising hydrophobiC and hydrophilic nononers, where the nethod
conprises t havaighipgropylenesgly¢algr deionzad avatedl yner with an extracting

sol vqgt, 25 wherein said extracting solvent when neasured at 25 C (a)
swel I'S the cured polyner to at |east about 15% and (b) has Hansen

Sol ubi I'i toy ParmgEeinetisod\bf dlhitn 4 Weheraimossd ektra8lihg-selent cdrBbliseseabial yner +
2.5] to about [SHcured polynmer -8.5] 8P = about E8Pcured polymer + 0.5] to

about [ 8Pcur e@Ope! ghastt Sapegpeniney weight dipropylene g ycol methyl ethér, 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 [8H_eq poiymer + 2-5] t0 @bout [H.req polymer -8-9]
8P = about [8Pyeq poiymer * 0-5] to @bout [6Pe4 poymer ~4-0] @and
30 oD = about [8D;yeq poymer + 2-9] 10 @bout [6D geq 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

22



30 8D = about [BDcured polynmer + 2.5] to about [BDcured polynmer -2.0]. 13.
The nmethod of claim 12 wherein said extracting solvent is selected from

t he groupvaonsdest i ng of butyl acetate, propylene glycol neChyRoet7TRr 22 WO
02/ 36669 PCT/ USO1/ 47536 acetate, di pr opyl ene egcoI N- pr opyl et her

tripropylene glycol N-pr | ether, | ene col ty her

di propyl ene glaFeat edF’Wé@M%“%QW@P' Ntﬁ"ﬁP ﬁﬁérné”@' ¥ er%wg?l'{l erqra/ acet at e,
di propyl ene gl t I t and

T Kt ur es t her Garet- STTPYnE ol NbuGPEREY, GRS AL R Befer

sol vent i s seldijmopgldneagtycdlmeethyloethec acatasd,idigroplyidmet giycal oedtaylesther,

di propyl ene gI col dine et he di propyl ene gl yco] nethyl ether acetate,
di propyl ene gI BQPYE%WVX%'H@W{?@Pbgﬂ‘gﬁ'éﬁﬁeﬁ SP‘l met hyl ether, and

m xtuies thereof. 10 15. The nmethod of claim 12 wherein 6H 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 riét hod r@fm@m@dwﬂdaméﬂewhersmis:aléwtracﬁmg]golyent/isr&elmrfriomas 15

di | | h h | | yeol, et h her,
or "4 1 pr opy1 oS GromE Pty SLofEac e, AHEORBERE R K EaRiper or
sai d extracti remor@gyreerétgrizwrtrh@thyr SREPAESAt, dibRDPY AR JREametRYl diier The

nmet hod of claim 16 wherein sai d extracting solvent further conprises
propyl ene gl yddpropyEnegiycoreneibyl ethetandmiduigseherepfsai d extracting
sol ve :at conprises about 25 80 to about 90 percent by weight dipropyl ene
gl ycol” methyl ether, or tripropylene glycol nethyl ether and about 10 to

about 20 1ger cemie Methdeebgabmwgrrwe&em & yeabo@r3.deb ensat 14eirels aBsut The
met hod of claim 12 wherein said extracting solvent conprises about 30 70

to about 98 perioemhouiyd.GednrhdDds pboply140do @bpublOnet hyl et her, or
tripropylene glycol nethyl ether and about 2 to about 30 percent by wei ght
propyl ene glycol or deionzed water.

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 methyl ether and about 2 to about 30 percent by
weight propylene glycol or deionzed water.

- 23



23 WO 02/ 36669 PCT/ USO01/ 47536 21. The nethod of claim 12 wherein said
cured polyner is a contact lens. 22. The nethod of claim 12 wherein the
swel | of wine2adss®ed pol yner is about 15%to about 40% 5 PGT/USOIpTB3ener t hat
is prepared by a nethod of extracting cured polynmers conprising

hydr ophobj ¢ and hydrophlllc nmononers, where the nethod conprises the steps
of treati %@ t hehe mehog o ¢laim 14 whetain saidraied mglynaeN iseneontapideasn sai d
extracting solvent when neasured at 25 C 10 (a) swells the cured pol yner
from about 0% to about 50% and (b) has Hansen Solubility Paranmeters within
t he range22.0f ©Bhe methodtof cBiHnur2ehexiy ther swelk 0bthe curet palyrh&Hsurbedit pol yer

-8.5] SP = abo [ SP gol ymer +0.5] to about [SPoured polynmer -4.0] and
6D = about [SD@%(%"&’ %ﬂ‘ﬁ%@PQ 5] to about [SDcured polyner -2.0]. 15 24.

The poj ymer of claim 23 wherein said extracting solvent is selected from
the group consisting of butyl acetate, propylene glycol nethyl ether

acet ate, 23.pr opydodyreegthat id preparesbly agnétod eré)@rra@ljyg eneec{;pglgzaierst\l- pr opy!
20 di pr opy! enecqbESNEBEkgRN end hydtanrdlBo BRI el e nehethy, '
ether, tripr owhgﬂseg{nécﬁbp%k fhtigy h%rc@aa I%’héf ﬁ/ﬁhté?\eéﬂPJotln§5 The

pol ymer of claim 23 wherein said extracting so vent Is selected ™ from the

group consi st i $Rjvent, bineyeinsadd axteactimgmabysitaverymeastirasi aﬁa’ii’ny(D ether 25

di ro | ene gl t di rret hyl et her
tr!opr pyl enegg@%gf "ﬁé@%w%({]ﬁ@ﬁ%ﬁhﬁ%%&@%@P&ng%ﬁ The pol yner of
cl ai m 23 wher efp) hald Hansd8bIuBIlily Parsthstets Mthurﬁtﬂelran édept 2 to about 6.6,
and SD i s about 14.0 to about 19. 30 27. The pol yner of claim 23 wherein

sai d extracting $bl7@boutBihidises. + @ Jrtopposh &k A@Shyl et her acetate,
di propyl ene gl yc%b g%l%gm [5?’tcut]e§£o|ymerEb-é]r‘[é)%rb%w[ e o] ycoi Ofetéwl ether. 24

cured polymer

8D = about [6Deq poymer + 2-9] to about [8D e potymer =2-01.
15
24.  The polymer of claim 23 wherein said extracting solvent is selected from

the group consisting of butyl acetate'\, 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 dimethyl 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, 8P 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.

24



WO 02/ 36669 PCT/ US01/ 47536 28. The polyner of claim 27 wherein said
extracting solvent further conprises deionized water. 5 29. The pol yner of
cl ai m 27 wier/aiond sai d extracting solvent further conpri SPET/pR@pyEINE

gl ycol. 30. The polyner of claim23 wherein said extracting sol vent
conprises about 80 to about 90 percent by wei ght dipropyl ene glycol nethyl
ether, 10 or tripropylene glycol nethyl ether and about 10 to about 20

per cent L,gh i h I f
Ol ai m 23 aher ot eal R B, WBered aee SR SoRens in"F PoLo it o5
percent by weig@hipriled dglyhigee vgltyicol nmethyl ether, 15 or tripropylene

gl ycol nethyl ether and about 2 to about 30 percent by wei ght propylene -
gl ycol or deionzed water. 25

5 29. The polymer of claim 27 wherein said extracting solvent further

comprises propylene glycol.

30. The polymer of claim 23 wherein said extracting sblvent comprises
about 80 to about 90 percent by weight dipropylene glycol methyl ether,
10 or tripropylene glycol methyl ether and about 10 to about 20 percent by

weight propylene glycol or deionzed water.

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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