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30 One known way to increase the oxygen permeability of the hydrogels is to add

silicone-containing monomers to the hydrogel formulations, thereby making silicone



20 pol ynerization. Mdre inportantly, the diluents used in the prigo t
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hydr ophi | i ¢ rrononers, especially blends with relatively high | evels of

Hydr ophi |l i ¢ nononers. These bl ends and resulting polyners are opaque and
not useful for contact |enses. An alternative approach to form ng
silicone-hydrogels which avoids the addition 25 of diluents is disclosed in
U.S. Patents 5,321,108, 5, 387,662 and 5,539, 016. These patents describe the
use of 1@kofeld OXSiliesnestdriaiingOlpslynidrsi HaveahiptledI diyke®! perindsbiGi@uphdpavi ng a
hydrogen atom attached to a term nal difluoro-substituted carbon atom
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especially blends with relatively high levels of hydrophilic monomers. These blends and
-resulting polymers are opaque and not useful for contact lenses. )
An alternative approach to forming silicone-hydrogels which avoids the addition
25  of diluents is disclosed in U.S. Patents 5,321,108, 5,387,662 and 5,539,016. These
patents describe the use of polysiloxanes with a polar fluorinated graft or side group
having a hydrogen atom attached to a terminal difluoro-substituted carbon atom. While
this does improve compatibility for certain combinations of silicone and hydrophilic
monomers, it requires multiple step synthesis of complex silicone macromers.
30 There still remains a need in the art for silicone hydrogels which are polymerized

in an economic and efficient way.



silicone-containing and hydrophilic nmononers, diluents and any ot B MAY 200
optional 5 ingredients such as crosslinking agents, catalysts, rel ease
agents, tints etc. which are bl ended together prior to polynerization), the
resulting polymer is treated with a solvent to renove the diluent and
ultimately replace the diluent wth water. The solvent used to renove the
di luent may be water (or an aqueous sol ution such as physiol ogical saline),
or depending on the solubility characteristics of the diluent used in the
process of the 1o invention and the solubility characteristics of any

resi dual I HE S POO] he solvent initially used to replace the
di | uent ARY OF Eggﬁghiuch as et hanol, nethanol, i sopropanol
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nore preferably 10 to 40 wei ght percent water, and nost preferably 15 to 35
wei ght percent water of the total weight of the silicone hydrogel. These
silicone hydrogels are particularly suited for nmaking contact |enses or

i nterocul ar | enses, preferably comRtact |enses. 20 Various processes are
known for curing the reaction ﬁL5§QQﬁ4in t he production of contact |enses,
including spincasting and static gasting. Spincasting nethods are disclosed
in Ujp. Pat. Nos. 3,408,429 and 3RE60, 545, and static casting nethods are
disclosed in U S. Pat. Nos. 4,113,224 and 4, 197, 266. The preferred net hod
for producing contact |enses conprising the polyner of this invention is by
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is further described in U. S Patents 4,495, 3l3; 4,680,336; 4,889, 664; and

5, 039, 459han opefFoEtas R hisrkdi n by reference. 5 To make the pol ymer of this
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effective in solubilizing combinations of silicone-containing monomers and hydrophilic

monomers than the diluents disclosed in the prior art. The use of the disclosed diluents
“provide clear blends and polymers using combinations of a wide range of silicone-
containing monomers and hydrophilic monomers. For some combinations of silicone-
25 containing monomers and hydrophilic monomers, the amount of diluent required to.
produce a clear blend and polymer was less than half of the amount of the prior art
diluent. The polymers produced according to this invention can be used to produce
contact lenses which will provide high oxygen permeability, and good mechanical
properties and can be produced economically and efficiently. The polymer of this
30 invention can be used to make biomedical devices which require biocompatability and

high oxygen permeability.



10 RGCOHR where R, R and R ' are independently sel ected fréﬁn
| i near, branched or cyclic nonoval ent al kyl having 1 to 10 car B Mmmh
may optionally be substituted with one or nore groups including hal ogens,

" .ethers, esters, aryls, ami nos, anmides, alkenes, alkynes, 15 carboxylic

aci ds, al cohols, al dehydes, ketones of .the like, or any two or all three of
R, R and R' can together bond to formone or nore cyclic structures, such
as al kyl having 1 to 10 carbons which may al so be substituted as just
described, with the proviso that no nore than one of R, R or R is H It
IS preferred that R, R and R' are independently selected fromH or 2o

unsubsti t | groups having 1 to 7
car bons. ‘F ﬂ‘ffﬁrSC - Kﬁ/ R' are independently sel ected
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Th 25
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nononers use pol ymer o IS 1T nvention can any 0 e known
mold having the shape of the final desired silicone hydrogel, i.e. water-swollen polymer,

and the reaction mixture is subjected to conditions whereby the monomers polymerize, to
thereby produce a polymer/diluent mixture in the shape of the final desired product.
30  Then, this polymer/diluent mixture is treated with a solvent to remove the diluent and

ultimately replace it with water, producing a silicone hydrogel having a final size and



nononers used in the prior art to nmake silicone hydrogels. These equ

si |l i conecont ai ni.ng nononers and hydrophilic nononers are not mut & IM@ 2002
exclusive, i'n that, the silicone-containing nonomers can be sonmewhat
‘hydrophilic and the hydrophilic nononmers can conprise sone silicone,
because the silicone-containing nonomgrs can 3o have hydrophilic groups and
t he hydrophilic nononers can have silicone groups. Further, the

si |l i cone-contai ni ng nononmer and hydrophilic nononmers can be reacted prior

0 2 MAY 2g{d2e {vRicROaMEjuigakingilart € f e Mside PARP OdHPET offthe Nofiginklatngdlded

pol ynerized in the presence of the diluent to formthe polynmer of this
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presence Keréih biyliefetdnkcelent nononer, wherein the silicone-containing nononers
and the hydrophilic nononers differ. The term "nononmer" used herein refers
to | ow nol ecul ar wei ght conpounds (i.e. typically having nunber average

mol ecul ar wei gié smhles shd [palym@Odf tthigt invertidne diloentsredre 28dd, amitht haveedheim t o
hi gh ol ecul ar wei ght conpounds or polymers, sonetines referred to as

macr ononofPHPWINgStrugturey bi cal | y havi ng number average nol ecul ar wei ght s
greater than 700) containing functional groups capable of further

pol ymeri zation. Thus, it is understood that the terns "silicone-containing
nmononer s” and "hydrophilic nmonongrs" include nononers, nmacronononers and
prepoj yners. A silicone-cont a'hrlég_dn)nomer is one that contains at |east
one [=Si-O] group, in a nononer i nacronmer or prepolyner. Preferably, the
Si' and attached O are present i nRT5 the silicone-containi ng nononer in an
anount greater than 20 wei ght percent, and nore preferably greater "than 30

vei ght pewbesatR.oR™ ahd R otasg indspendently selerigitfrerh Hhe lipiead, doansbedonicntling
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It is preferred that R, R’ and R’’ are independently selected from H or
20  unsubstituted linear, branched or cyclic alkyl groups having 1 to 7 carbons. It is more
preferred that R, R’, and R’ are independently selected from unsubstituted linear,
branched or cyclic alkyl groups having 1 to 7 carbons. For commercial purposes, the
-preferred structure of the diluent has 4 or more, more preferably 5 or more, most
preferably 6 or more total carbons, because the higher molecular weight diluents have
25  lower volatility, and lower flammability. When one of R, R’ and R”* is H, the structure
forms a secondary alcohol. When none of R, R and R’ are H, the structure forms a
tertiary alcohol. Tertiary alcohols are more preferred than secondary alcohols, because it
is believed that they do not tend to participate in chain transfer reactions that can interfere
with polymerization. The diluents are preferably inert and easily displaceable.
30 Examples of useful secondary alcohols include 2-butanol, 2-propanol, menthol,

cyclohexanol, cyclopentanol and exo-norborneol, 2-pentanol, 3-pentanol, 2-hexanol, 3-



_g_ each R independently denotes a | ower alkyl radical or a phenyl
radical; and nis 1 or 3 to 10. Exanples of these polysiloxanylahhyl

. (meth)acrylic nonomers include nethacryl oxypropyl MAY 2002
tris(trinmethylsiloxy)silane, pentanethyldisiloxanyl 5 nethyl nmethacrylate,
phenyl t et ramet hyl - di sil oxanyl ethyl acrglate, and nethyl di (trinmethyl sil oxy)
nmet hacryl oxynet hyl silane. Methacryl oxypropyl tris(trinethylsiloxy)silane
i.s the nost preferred. One preferred class of silicone-containing nononers

is a pol y(organgsil gx e epol yner, represented by formula:;, to R R R _
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denot es aghrBéineMainesthe9ad tHeafik@®d group, such as an ester or amde of an

acrylic or a methacrylic acid:; _each of R3, R4, Rs and R6 are independently
sel ect ed from Exemplenah usefulstestidgryglesthols imolwdedearbutanplirtenamybralochdl, 22l or a

hal ogen substi tut ed val ent - hydrocarbon radi cal having.l.to, 18 carbon
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or an integer greater than or equal to 1, and preferably 5 to 400, and nore
pr ef er abl t;ﬁpmogﬁmhyl&ecwéc i22metbybinporancd, 3-methyl-2Weeanabr Jesthpropy |

pol ydi net ly] oX AT uge G L LEoNne. I Qi 10Eer s
i ncl udes ﬁy‘%‘?@b%%é?%gf}%ﬂhg&\%&nwlqca aé'%g’tg’ Jg%&'gp%ﬁ%&@g?bgna }éyqr%l;noners
of the f oddtanol, 3gmethyhBinanand], 4OmEtiRF-E-obhhd], 3-métiRD;3 octaiodrBethyl-heeamot,es O,
S or NH ' notes a silicone-containing, organi.c, radical; ,R depagtes

ydr ogen TRUHESgpanel sty Shepisng] 4gpronHa-feanc). $1soproR-hepoRSh Bubz s
Sui t afpl € Binlet 5 i ni ng. ' heal S Rs'y_d ol I owi_ng: |
ro1 (s el 2RRn0E! 1 13- REAIYEIDRISS, § U R eiel L T R
denot es Zthylcyclpentand);-3chydrgxy-3-methyl-1-butene, 4-hydroxy-4-methyl-1-cyclopentanol,

2-phenyl-2-propanol, 2-methoxy-2-methyl-2-propanol 2,3,4-trimethyl-3-pentanol, 3,7-

dimethyl-3-octanol, 2-phenyl-2-butanol, 2-methyl-1-phenyl-2-propanol and 3-ethyl-3-
pentanol, and the like.

15 A single alcohol or mixtures of two or more of the above-listed alcohols or two or
more alcohols according to the structure above can be used as the diluent to make the
polymer of this invention.

The preferred diluents are secondary and tertiary alcohols having more than 4
carbons. The more preferred diluents include tert-butanol, tert-amyl alcohol, 2-butanol,

20  2-methyl-2-pentanol, 2,3-dimethyl-2-butanol, 3-methyl-3-pentanol, 3-ethyl-3-pentanol,
3,7-dimethyl-3-octanol.

Presently, the most preferred diluents are tert-butanol, 3-methyl-3-pentanol and
3,7-dimethyl-3-octanol. i
The one or more silicone-containing monomers and one or more hydrophilic

25 monomers used to make the polymer of this invention can be any of the known
monomers used in the prior art to make silicone hydrogels. These terms silicone-
containing monomers and hydrophilic monomers are not mutually exclusive, in that, the
silicone-containing monomers can be somewhat hydrophilic and the hydrophilic
monomers can comprise some silicone, because the silicone-containing monomers can

30 have hydrophilic groups and the hydrophilic monomers can have silicone groups.

Further, the silicone-containing monomer and hydrophilic monomers can be reacted prior



Wierein pis 1 to 6; RO denotes an al kyl radical or a quoroaIk I radlcal
having 1 25 to 6 carbon atons; ais 1 to 200; nis 1, 2, 3 or
. 0,1, 2, 3, 4 0or 5 The silicone-containing vinyl carbonate or V|nyI
-car bamat e nononers specifically include:
1, 3- bi s[ 4-vi nyl oxycar bonyl oxy) but - 1- yl7]+ et r anet hyl - di si | oxane
3-(trinethylsilyl) propyl vinyl carbonate;
3- (vinyl oxycar bonyl t hi o) propyl -[tris(trimethyl siloxysilane];
- 3[tris(trimethylsiloxy)silyl] propyl vinyl carbanate;
3-[trisgd F)bl WRieRYatfn! t6 Fyn® b IpyédolyhewhicBas atérydol praémadthahe presence of the

3-[tris(trimethylsiloxy)silyl]. propyl vinyl carbonate,
t but yl didiheentytp §¢mbst5¢édwnerv¢ is ixeMisaheweysT; thet fopmation, phtheyarenelyper

i o ot bbb MBfCHGE ahf RERLLGHS i thefee 3P refBifd oy ool al 1€ 1, 7

f\nﬁt her ofi¢ ?ﬂﬁoﬁﬁ-c@i&h@g@em@nﬁ ftglensy rmaﬁu(ydrd phillcusiesomemninnmie spredenthre

ol ow n or nul ae *DADFQe*DD'E ; E(*DG DA

E( * D A* gﬁg,e éﬂmAmn@nemdwmeﬁ silisogeisapiaming, mnfamerwrdag;c}w%romﬁw kyl
cycl oal |, e i r

al kyl ar ﬁ/ Jng?&reg%?%ffe? h'g}\?ﬁ EMHG ?‘o%}&egap onﬁgkg]rrs?%k% tﬁelr?ot es %n al %1@{‘

di r adi cabmpeumdsa(i.e.aypigallyl ha‘adg aaimbeaverlagy matganlayavéightsdessatian F00) that ar y|

di r adi cal aryl dir dlcal car bon tons and whi ch
oy 15" 6emBa iRt Ve, A o Tob A i high paetar et SREPR SO ano: oo o
ur et han%oﬁéuﬁ&@?lr%deu NAGS; nﬁcfo?n&{odléﬁs"(lel maugleawxﬂg anﬂbéfalae&tage
polynerlc radi cal formul a: -(CH= ~j---(CH=~5 ~5 P25 RS

i ndé@enmicqwardwnah@sgrameanm 789) fcpgt@mng; lﬁbfmppeh gpups leapalje fpfusther ng 1
(o at 1 BanpertalRh AW 0o Thboog teBlduet Rl ok G B bR e e o
“and E 'hﬂdielﬂﬁiidﬂﬁlié phoflémeise $nclude monomers, macromonomers and prepolymers.
' A silicone-containing monomer is one that contains at least one [-Si-O-] group, in
a monomer, macromer or prepolymer. Preferably, the Si and attached O are present in
15 the silicone-containing monomer in an amount greater than 20 weight percent, and more
preferably greater than 30 weight percent of the total molecular weight of the silicone-
containing monomer. Useful silicone-containing monomers preferably comprise
polymerizable functional groups such as acrylate, methacrylate, acrylamide,
methacrylamide, N-vinyl lactam, and styryl functional groups. Examples of silicone-
20 containing monomers which are useful in this invention may be found in U.S. Pat. Nos.
" 4,136,250; 4,153,641; 4,740,533; 5,034,461 and 5,070,215, which are incorporated herein

by reference.

Further examples of suitable silicone-containing monomers are polysiloxanylalkyl

(meth)acrylic monomers represented by the following formula:
25

o)

R
\‘H\X—(CH;)n-Sn(OSxR‘ R'R"),

wherein: X denotes O or NR; each R independently denotes hydrogen or methyl;



p 2 MAv zan? -11 polynerizabl e unsaturated organi c radi cal represented b
“fornula: R12 R 13C H=C~-(C H)w (X)x-(2)z- (A r)y~R 1 a wherein: 02 MAYsZ00
hydr ogen or . et hyI R 3 is hydrogen, an alkyl radical having 1 to 6 carbon
.atonms, or a _COY-R's radical wherein Y is -0, -S- or \H; R4 is a

di val ent radical having 1 to 12 carbog_atons; X denotes -CO or -OCO-; Z
denotes -0- or -NH; to Ar denotes an aromatic radical having 6 to 30

carbon atons; wis 0 to 6; xisOorl yisOorIandzisOorI.A
f e foll
prefer o oL ane o ALt g TRORMEL SalSPh P el 15”1 O 10

cH, c-~aq, € @tb-1oya- , ., , CocH, asocr s~as~o~r-ma-r~cqc

s-(cri,~",~ocH ~, e- r aco~ Hsa~ o¢H a~oo~-R, a-,~co...0~0 Ch4~ HHHN ~v~ HH
HHais wherdixaniles i of athese agolyailoxsnylelkyli s(osgh)aarydicaf menomersoundludd t he
i socyanate gro such as the _djr.adi.c hor one di i socyana her
si | i cone- 'E%ﬂ? éﬁﬁmoﬁgnomr s fgﬁ{t{'g‘ﬁf@% B’Ixylfé%" 'n this PYRARR gﬁﬂls{‘%f’%

t hose sdeﬁﬁ&hﬁﬂﬁmd&dme%/ 317p%8n>ateﬁanﬁﬂxymrsﬁ1@m)aem?nt ai mae@m@I ysi | gdne,
pol yal kyl ene” ~ 20 ether, diisocyanate, polyfluorinated hydrocarbon,

pol yf | uormethyldi(trimethylsteny). pomy'éa@vwmy@ro ugpilgne.y, S, theerylaxyBropyl 08:
5, 387, 66 xanes with a polar fluorinated
graft or%@mgﬁhg{j%@\%‘%‘%%g%%? ggér%@é%(gm attached to a term nal

di f I uor o- subst@idiprderead blass of siticori#cdntfiningsmbaasmensiscapol ergardigilowamd) as
the silicone nononer i nﬁépi gqi nyention. z5 The preferred hydrophilic
m)non’ers RIERAUYMET TeprEsentae by, %’lﬁr of this invention may be either acrylic-
or vijgyl -containing. Such hydrophilic nononers may thensel ves be used as
cr oss]l [ nk| ng agents. TheRBer MR5vi nykatype" or "vinyl-containing" nononers
refer to nononers,co ﬁ |ng tghe wg grouping (-CH=CHz) and are general ly
hi ghly reactive. % Y rry'I-(R:C)n-t-Al ni ng mononers are known to
pol yrmeri ze 30 rel ativel yReaS| I;% yylic-type" or "acrylic-containing"
nononers are those nononers 2U02 -12 containing the acrylic group
(CH2=CRCOX) wherein Ris H or CHB, and X is 0 or N, which are also known to
polyneri ze readily, such as N, N-di nethyl acrylam de (DMA), 2-hydroxyet hyl

net hagr ylehéeinHEAdh A' ndependenth) detivtdsad abtivhred uashmltngehb,yéuch as an ester
met hacryl am de ol yet hyl enegl ycol rmononet hacryl af e, ylic acid and

acrylic azraémﬂs/eF appcylie of p mathacaylicaacid; ngChﬁﬁBneRs PwmnérR naay nbiependently

i ncor por f | ud rs
such n. g Epal B2 £h Ofifndof SndlctaRR! hUMUERbRdadindl oi°F nERREA™
N-vi nyl - Nmbﬂitb;dd m&iva]mdbydrbharbmyﬂadmabhd\yﬁg hee Sioardon aldhes whioly mald-havéy|
formam de,  N-vi él formamdwvmth NVP being preferred. Qher hydrophilic
nonomer s T‘h%ﬁh ™ he i nvention include - |, pol yoxyet hyl ene
pol yojes hﬂ"‘/B&ﬂ:t&n@dﬂﬁleﬂpﬁﬁdr@&r&&?rﬁﬁﬁ%ﬁ'ﬁh i Q4812206 btSatb B! Adeslisdth a
functional group containing a polynerizabl e doubl e bond. Exanpl es i ncl ude

pol yet hy| @man igtegen reater ithanyorsgqual t9l kyand pireferablyds to 4R6, andhoesel prefetrbly $@henol

fuer os iodobidet sBesios xBRRE if & Ebistiafusmtatl sk FpemERfIGHAE 3 OV

met hacryl'oyl chloride, vinylbenzoyl chloride, or the like, to produce a
pol yet hyl ene pQlyol havi n re termn pal vieri zab iLnic
groups bonded %Xﬁ’ﬁ’é bojo] ef%ﬁe e go 5981 <et mmg %W?{é WS} ?Ff e%' l%%eﬁ as
car bagst ecdiftaifingfinyd lcathidfate 2 vivyl bdrbirﬂﬁﬂehﬂéncﬁﬁ@ﬁﬁfﬂﬁ fall@wingdotmtsla:ophi | i c
vinyl carbonate or vinyl carbamate nononmers disclosed in U S Pat. Nos.
5,070, 215, and the hydrophilic oxazol one nmononers disclosed in U S. Pat.

No. 4,910, 277. Other suitable hydrophi I|c nononers -wi |l be apparent to one
skilled in the art. R’ (")

|
- CHy=C—(CHy);7-0—C—Y

RS
d

wherein: Y denotes O, S or NH; R% denotes a silicone-containing organic radical,

R' denotes hydrogen or methyl; d is 1, 2, 3 or 4; and q isOorl.



More preferred hydrophilic nmononers which may be incorporated into the 25
"pol ymer of the present invention include hydrophilic nononers sO0@hMA¥ 200

N, N- di met hyl acryl am de (DMA), 2-hydroxyethyl nethacrylate (HEMA), glycero
-met hacryl ate, 2hydroxyet hyl nethacryl am de, N-vinyl pyrrolidone (NVP),

pol yet hyl enegl ycol nononet hacryl ate, nmethacrylic acid and acrylic acid with
DVA bei ng,,; D i k ophilic nononers
are sel egltnté efggﬁgs?eﬁée&gfﬁgﬁlﬁdoégﬁg? é;{a i?cr?ggg)%f lr%l{/ﬁeqﬁéﬁﬂldyﬁﬂéNVP. ~ ~ ~Y 2d@
-13 It is generally necessary to add one or nore cross-linking agents, also
referred to as cross-1linking nonomers, to the reaction m xture, such as

et hyl ene gl ycol dinethacrylate ("EGDVA"), trinmethylol propane
trimethacrylate ("TNi PTMA"), glycerol trinethacrylate, polyethylene glycol
di mret hacryl ate (wherein the pol yethylene glycol 5 preferably has a

mol ecul ar wei ght up to, e.g., about 5000), and other polyacrylate and

pol ynet hacryl ate esters, such as t.he _end-capped pol yoxyet hyl ene pol yol s
descri bed above containing two or Y eiterm nal methacryl ate noieties.
Cyclic polyols with pol yal ky+-ethgr-sgoaeRs s and curabl e segnents can al so
be used. For exanple, the cyclic ppllyoljs can consi st of al koxyl ated gl ucose
or sucrose which are then reacted wfthdgn 10 i socyanate, nethacrylic acid
or or a nethacrylating agent to produce an ultraviolet curable prepolyner.
Furt@gr description of these cycly 3¥O|S can be found in US Patent

o
nunbér 5, 304, 584, which is incor oFSt herein by reference. The
cross-|linking agents are useq{cr alLgasounts, e.g., from about
0. 000415 to about 0.0156 nole per %%O g%ans of reactive conponents in the
reaction mxture. (The reactive clofpon s are 15 everything in the
reaction mixture except the diluent anfl any additional processing aids
whi ch do not becone part of the structure of the polyner.) Alternatively,
if the hydrophilic nononers and/or the silicone-containing nononmers act as
t he goss-linking agent, the addition of a crosslinking agent to the
reaction m xture is optional. Exanples of hydrophilic nononers which can
act as the crosslinking agent and when present do 20 not require the
addition of an additigpal crosslinking agent to the reaction mxture
i ncl ude pol yox¥RsT$if] &nedenstssol s descri bed above containing two or nore
term nal nethacrylate~ noieties. - An exanple of a silicone-containing
nononmer which can act as a crosslinking agent and, when present, does not
requbée the addition of a crosslinkingnmnoner to the . 25 reaction m xture
i ncl #¥8es a, w- bi snet hacryl ox I | A/d} | si | oxane. O her nononers
that can be present in the %gggﬁ n nii?gggéﬁzclude ul tra-viol et absorbing
nononers, reactive tints and the |ike. Additional processing aids such as
rel ease agents or wetting agents can al so be added to the reaction m xture.
A polynerization catalyst is preferably included in the reaction m xture.

The 30 PO Yerigalion £3L8se £on be, SyCOmpoUDd, Such S Lauto Retoy de
bike,2st hab coaneintdtsss; ¢ B to3doCRlsS1, 2{ 3 or4; and mis 0,1,2,3,4 or 5.
The silicone-containing vinyl carbonate or vinyl carbamate monomers specifically
include: 1,3-bis[4-vinyloxycarbonyloxy)but-1-yl]jtetramethyl-disiloxane 3-(trimethylsilyl)
propy! vinyl carbonate; 3-(vinyloxycarbonylthio)propyl-[tris(trimethylsiloxysilane]; 3-
[tris(trimethylsiloxy)silyl] propyl vinyl carbamate; 3-[tris(trimethylsiloxy)silyl] propyl
30 allyl carbamate, 3-[tris(trimethylsiloxy)silyl] propy! vinyl carbonate, t-
butyldimethylsiloxyethyl vinyl carbonate; trimethylsilylethyl vinyl carbonate;
trimethylsilylmethy! vinyl carbonate; and



'~ 2 MAY Q2 - 14 noderately elevated tenperatures, or the polynerization
catal yst can be a photoinitiator system such as an aromatic al p@é-*ﬁmjmzy
ketone or a tertiary amne plus a diketone Illustrative exanpl €S o
‘photoinitiator systens are 2-hydroxy-2-nethyl-1-phenyl - propanl-one, and a
conmbi nati on of canphorqui none and ethyl- 4- (N, N-di met hyl am no) benzoate. 5
The catalyst is used in the reaction mxture in catalytically effective
anounts, e.g., fromabout 0.1 to about 2 pans by weight per 100 parts of

reactive nononer. Polymegization ef, tHecgeacggon mxgure can be initiated
using the appropriate ch@li ce of heat or[visi bl or uﬁtraviolet l'i ght or
ot her neans depehgiaf—oRCh€Hpatyher Ot C Hi gt Onrs€H==THe . preferred

initiator is 2-hydroxy-2-nethyl-1 ghe Y, {)/wo n-1-one, and the preferred 1o
met hod of pol ynerization initiation®id E} Arght. The preferred range of
silicone-contai ni ng nononmer present in the reaction mxture is from about 5
to 95 wei ght percent, nore preferably about 30 to 85 wei ght percent, and
nost preferably gbout 50 to 80.weight percent of the reactive conpongnts in
the reaction m Xgﬂ?tﬁéf 5 p?ffegisg‘rcpgg’c?‘gﬁ‘é‘g’gofmwm%bh‘i“ﬂ“ e?m’HBPr%‘Pg':gr BEéh? in
the above lfplloWwiYolaalat:s from about S to 80 weight percent, nore
preferably about 10 to 60 wei ght percent, and nost preferably about 20 to
SO wei gt percent of the reactive conponents in the reaction mxture. The
preferred r * i,.lw Jpresent in the above invention is from about 2
to 70 wei gh ?%g‘r*gﬁerﬁjf nor e preferably about 5 to 50 wei ght percent, and
most pr ef erBED*GHDNA), *D*GIDAE' vei ght percent of the total reaction

m xture. The amount 20 o% diluent required varies depending on the nature
and rel at i VEC(EhUR*GetDIAEDTRAct i ve conponents, but the anounts of the
clainmed diluents are generally substantially |l ess than the anounts required
if.using prior art diluents. For exanple, mxtures containing relatively

| ar ge axwourwberein: t he hydrophilic nononer, that is greater than 20% or 25%

or especi all reater than,30% of th eact i i xture, and/ or. hj

nol ecul ar we?sgﬂ‘ino ay ‘?"F@oqf_ ! 6‘3&%’} ﬁﬁ‘ﬁg cﬁﬂ%ﬁgr@rﬁﬁ‘g’hé &é’af’ﬁ‘g&egﬁ%f:ﬂg“é
nunber avefﬁgﬁdiiﬁlﬁ&%ﬁﬂiall@?l'aﬂhfdir@ﬂﬁatlﬁviﬁé”@fb RO atdR30 or especial ly
greater than 5000) generally require relatively high I evels of diluent, but

nuch | ess usCnéensies asr alkylr diragiical.ng cyclpalkyt direriealy apalkyhsyeloalksk disadipals anl t o
t he dil uent .| Lar . e oI 1.0 f. re bV
conponent s %Xgaglg?lhgnég&a%m@éﬂﬁ%\%h% gotgt%@ﬁg \tf\’x&ali %ﬁ‘fn?paenrd cg’n clho % he
reacti vis cocgntaie ether, o g amine)/linkagesimshé madmehairgr epol yner, nore preferably
a, cu- bi snet hacryl oxypr | pol ydi net hyl sil oxane, 25 to 50 wei ght ~ 2 MAY
2002 -15 per?é’ﬁ Olg% XBW&%EQEH ﬁ%ﬁﬁ\énent s being a pol ysil oxanyl al kyl
(meth)acryl ap¢s atnRdseypreferably TRIS, 20 to 50 weight percent of the
reactive conponents being a hydrophilic nononmer, nore preferably DMA, and a
LJV or visi blAedednptela-dinalény polymensi radical ofiformulanded with a setondary or
tertiary al cohol diluent, nore preferably a tertiary alcohol, present in 5
an amount of 15 to 40 percent of the total reaction mixture. TFhe reaction
m xture2 of the present invention.can be forned by any of the nethods Kknown
to those skilled in the art, such|a®3s ing or stirring, and used to form
polynmeric articles or devi t'he.qetdhod scribed earlier. The

Exanpl es bel ow further desﬁggﬁ i §' éﬁ%ﬂ?‘ﬂéone of the materials that
to are enployed in the Exanpl es arleR5démSified as fol | ows: "DAROCURE 1173"
2- hydr oxy- 2- net hyl - 1- phenyl - proparn- 1-ong, "DMVA" N, N-di net hyl acryl am de,
"PDVS" a, cu- bi smet hacryl oxypropyl pol ydi net hyl sil oxane, and "TRI S"

tris(t rismet hyl si |l oxy)si | yl propyl nethacryl ate.

R’ independently denotes an alky] or fluoro-substituted alkyl group having 1 to 10 carbon
atoms which may contain ether linkages between carbon atoms; m is at least 1; and

p provides a moiety weight of 400 to 10,000; each of E and E' independently denotes a



15 EXAMPLE 1 A bl end was made of 36.5% PDMS (5000 MW, 27.5% TRI'S, 35% DVA
‘and 1% DAROCUR 11; 3, (all the preceding percents are wei ght %?C%} Sp@f
the reactive conponents) and diluted with ten-butanol to a re i )
-conponent / di l uent weight ratio of 20 73/27. The resulting blend was a

cl ear, honogeneous sol ution. Pol ypropyl ene contact r |lens nolds were
filled, closed and irradiated with a total of 3.2 J/cnZ IJV light froma
fluorescent UV source over a 30-minute period. The nolds were opened and

e 1SS RGO bR O R Rl 1

enses ear an (%1 e modul us of 101 (4)
g/ m2, an elongation 25 at break of 151 (36) % and an equilibrium water
content of 30.6 (0.3) % Tensile properties were deternined using an
Instron'"r" nodel 1122 tensile tester. EquilibriumWater Contents (EWC)
wer e deternlnenggaV|netrlcally and are expressed as: %&WC =1 00 x (nass
of hydrated | ens” - mass of dréglens)/%%ﬁ§ of hydrated | ens 30 a2 ~Y 2~2
-16 EXAMPREGHBCsEH2wa K asEzwdfBy7ede using the procedure of EXAMPLE 1,
but substituting 3-nethyl-3-pentanol for tert-butanol at a reactive

conmponent ghdeint gt i§ Aydrdged of Methyl; Tzhé 1b|hgﬂ'|d>?e@n£h hiY$ @&8div@ Rvilgedlto dhe

| enses had a tensile nodul us of 11 nm~-, an el ongat,,on at break of

163 (35) Garbematoms, @rcﬁJrCObYTRunmewaérwmﬂe i5f0-36S-0or(NFH< B 05,2 gixalem ES

3-10 Blen o f E L t e

di l uents {Aglc\é\ﬁhqa%llgpﬁ) tbzé%gonl%%(ég]%%% uethEb dr)atl oS %tdle&o -pMﬁtEN}P All
bl endm weAedélotéran arofidshdABRA] hving@ W 3 Ecdrbén bﬂoarsdwqfs owes; rage oti$j nig @ he
formul ati on of E-~AMPLE 1, but with 1-hexanol as the diluent. The bl end was
opaque, aMd>@BAZITRAT bpaque when diluted in a reactive 15
conponents/diluent ratio of up to 38/62. Table 1- |IlZ niml anmounts of

di l uents needed to produce clear bl ends Exanpl eDi | uent Reacti ve Conpon-

ent s/ Di | uprefRaed silibenercoptapfing monomer is represented by the following formula;

Bl end1Tert - but anol 731 270 ear 23- net hyl - 3- pent anol 771 23Cl ear 3t ert - anyl

al cohol 77/ 23C ear 42- but anol 721 28Cl ear 52- net hyl - 2- pent anol 73/ 27C ear 62, 3-dim
et hyl - 2- but agol ;Eh:Z4C|oear 73, 7-di mat hyl"ﬁ e;;} ghol 7l /230 eaﬂ* 81- rfet hyl cy‘cl ohex

anol 56l 44€'} W %W‘W%G%ar Co
anol 3 8/ 62Qoaque

nparative 1
wherein R'® is a diradical of a diisocyanate after removal of the isocyanate group, such as
the diradical of isophorone diisocyanate.
Other silicone-containing monomers suitable for use in this invention include those
described in WO 96/31792 such as macromers containing polysiloxane, polyalkylene
) 20 ether, diisocyanate, polyfluorinated hydrocarbon, polyfluorinated ether and
-polysaccharide groups. U.S. Patents 5,321,108; 5,387,662 and 5,539,016 describe
polysiloxanes with a polar fluorinated graft or side group having a hydrogen atom
attached to a terminal difluoro-substituted carbon atom. Such polysiloxanes can also be"
used as the silicone monomer in this invention.

25 The preferred hydrophilic monomers used to make the polymer of this invention
may be either acrylic- or vinyl-containing. Such hydrophilic monomers may themselves
be used as crosslinking agents. The term "vinyl-type" or "vinyl-containing" monomers
refer to monomers containing the vinyl grouping (-CH=CH3) and are generally highly
reactive. Such hydrophilic vinyl-containing monomers are known to polymerize

30 relatively easily. "Acrylic-type" or "acrylic-containing” monomers are those monomers



0 2 MAY 2002 -17 EXAMPLE 11 Lenses were made froma bl end of 49.@%0 )My
(5000 M-, 20.0% TRI'S, 30.0% DVA and 1.0% DAROCUR 1173, using the process of
. EXAMPLE 1 and diluting with terl-butanol to a reactive conponents/dil uent
-wei ght ratio of 60/40. The blend was 5 clear. Lenses were nmade as descri bed
in EXAMPLE 1. The |l enses were clear and. had a tensile nodulus of 137 (11)
g/ mz, an elongation at break of 141 (46) % and an equilibrium water
content of 26.1 (0.2) % COVPARATIVE EXAMPLE 2 1o Bl ends were nmane fromthe
formul ati on of EXAMPLE 11, but diluting with isopropanol to a reactive
conponent géifthihisgnhe v&yighgroupt i o of 60/40. The blend was clear. Lenses were
made as described in EXAMPLE 1. The | enses produced were clear and had a
tensil e nodulus of 94 (5) g/ e, a@@:&w bn at break of 147 (76) % and

an equi |1 pplum #@ Eﬁ@?ﬁ Qfxségg?l\i%lﬁ):lif?e %1? o kiGwh t<f>f Ee Ir&dﬁggu' ' i

bet ween Conparati arpl e ustrates t | Mpr ove
mechani cakucrhr capeNIN-dﬁnahyil emer&hrﬂuyle uEdMa )t fﬁehyﬂraxyedu;/l dniettmntyskate EHEMIARS
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Other hydrophilic monomers that can be employed in the invention include
polyoxyethylene polyols having one or more of the terminal hydroxyl groups replaced
with a functional group containing a polymerizable double bond. Examples include
polyethylene glycol, ethoxylated alkyl glucoside, and ethoxylated bisphenol A reacted

15 with one or more molar equivalents of an end-capping group such as isocyanatoethyl
methacrylate ("IEM"), methacrylic anhydride, methacryloyl chloride, vinylbenzoyl
chloride, or the like, to produce a polyethylene polyol having one or more terminal
polymerizable olefinic groups bonded to the polyethylene polyol through linking moieties
such as carbamate or ester groups.

20 Still further examples are the hydrophilic vinyl carbonate or vinyl carbamate
monomers disclosed in U.S. Pat. Nos. 5,070,215, and the hydrophilic oxazolone
monomers disclosed in U.S. Pat. No. 4,910,277. Other suitable hydrophilic monomers
“will be apparent to one skilled in the art. _ —

More preferred hydrophilic monomers which may be incorporated into the

25  polymer of the present invention include hydrophilic monomers such as N, N-dimethy!
acrylamide (DMA), 2-hydroxyethyl methacrylate (HEMA), glycerol methacrylate, 2-
hydroxyethyl methacrylamide, N-vinylpyrrolidone (NVP), polyethyleneglycol
monomethacrylate, methacrylic acid and acrylic acid with DMA being the most
preferred.

30 The most preferred hydrophilic monomers are selected from the group consisting
of DMA, HEMA and NVP.
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grams of reactive components in the reaction mixture. (The reactive components are

15  everything in the reaction mixture except the diluent and any additional processing aids

which do not become part of the structure of the polymer.) Alternatively, if the

hydrophilic monomers and/or the silicone-containing monomers act as the cross-linking

agent, the addition of a crosslinking agent to the reaction mixture is optional. Examples

of hydrophilic monomers which can act as the crosslinking agent and when present do

20  not require the addition of an additional crosslinking agent to the reaction mixture include

polyoxyethylene polyols described above containing two or more terminal methacrylate

moieties,

) An example of a silicone-containing monomer which can act as a crosslinking
agent and, when present, does not require the addition of a crosslinking monomer to the
25  reaction mixture includes o, @-bismethacryloxypropyl polydimethylsiloxane.

Other monomers that can be present in the reaction mixture include ultra-violet
absorbing monomers, reactive tints and the like. Additional processing aids such as
release agents or wetting agents can also be added to the reaction mixture.

A polymerization catalyst is preferably included in the reaction mixture. The

30  polymerization catalyst can be a compound such as lauroyl peroxide, benzoyl peroxide,

isopropy! percarbonate, azobisisobutyronitrile, or the like, that generates free radicals at
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5 g/mm? an elongation at break of 163 (+35) %, and an equilibrium water content of 30.0

(20.1) %.

EXAMPLES 3-10
Blends were made using the formulation of EXAMPLE 1, but with the diluents

\ 10  and reactive components/diluent ratios listed in TABLE 1. All blends were clear.

' COMPARATIVE EXAMPLE 1
A blend of was made using the formulation of EXAMPLE 1, but with 1-hexanol
as the diluent. The blend was opaque, and remained opaque when diluted in a reactive

15 components/diluent ratio of up to 38/62.

Table 1 — Minimal amounts of diluents needed to produce clear blends

Example  |Diluent Reactive Compon- |Clarity of
ents/Diluent Ratio |Blend
1 Tert-butanol 73727 Clear
) 2 3-methyl-3-pentanol 77123 Clear
3 tert-amy! alcohol 77/23 Clear
- 4 2-butanol 72/28 Clear l
5 2-methyl-2-pentanol 73/27 Clear
6 2,3-dimethyl-2-butanol 76/24 Clear
7 3,7-dimethyl-3-octanol 77/23 Clear
8 1-methylcyclohexanol 56/44 Clear
9 2-methyl-2-hexanol 76/24 Clear
10 3-ethyl-3-pentanol 77423 Clear
Comparative 1 | 1-hexanol 38/62 Opagque
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EXAMPLE 11
Lenses were made from a blend of 49.0% PDMS (5000 MW), 20.0% TRIS,
30.0% DMA and 1.0% DAROCUR 1173, using the process of EXAMPLE 1 and diluting
with feri-butanol to a reactive components/diluent weight ratio of 60/40. The blend was
5 clear. Lenses were made as described in EXAMPLE 1. The lenses were clear and had a
tensile modulus of 137 (+11) g/mm? an elongation at break of 141 (+46) %, and an

equilibrium water content of 26.1 (£0.2) %.

COMPARATIVE EXAMPLE 2
10 Blends were made from the formulation of EXAMPLE 11, but diluting with
isopropanol to a reactive components/diluent weight ratio of 60/40. The blend was clear.
) Lenses were made as described in EXAMPLE 1. The lenses produced were clear and
had a tensile modulus of 94 (+5) g/mm?, an elongation at break of 147 (+76) %, and an
equilibrium water content of 26.8 (30.3) %.
15 The difference in moduli between Comparative Example 2 and Example 11
illustrates the improvement in mechanical properties achieved by using the claimed

diluents.

EXAMPLES 12-16 and COMPARATIVE EXAMPLES 3-7
20 Blends having various amounts of PDMS (5000 MW), TRIS, DMA and
DAROCUR 1173 were made, adding a minimal amount of diluent to produce a clear
blend with either 3-ethyl-3-pentanol (Examples 12-16) or 1-hexanol . (Comparative
’ Examples 3-4). The results are listed in Table 2 which show that as the level of DMA in
the blends increased, the diluents of this invention can be used in much lower levels to .
25 produce clear blends, as compared to the amount of the prior art diluent needed to

produce clear blends.



U& ()- ((O(d(h(u({)”<bC 10!  &109BB& ()--!L&10% BF B& ()-:!&10%5

5& ()-:1109B& ()- GLOYB& ()-MLOYB& ()-{)*O+, V....WEC 10 10>>

10>>1 Dl $$10%>& () - ! DI $$10%B>B& ()-!1 $$109BB& () - ! #l $$10%&’ () - 02 WA ) -
=1 [/f////0uVv7C 10 '10% & ()- 10% & ()-3

10% & ()-110% & ()- @0% & ()-&10% & ()¢ . 10>>/ 001%R22" 3: 3aB7C

10T10% & ()-!10% & () -

1 8&10% / & ()-$10% & ()-!10% & ()-#10% & () -: 33340445dB7C 10!"' %40% / & () -
"10% & ()-s#310% & ()-Y"10% & () "10% & ()- 9%$10% & ()-5j 5556_77dE7C

10! Y7MBL0%&pfe 2 — Compari
03"10% & ()~
88888%9bC peedéd1ouekd gle:&"mm&' ()-3, 109608 ()-1% 10908 ()- 10/ 10/
10/ 83" 10% & () - Y0799 :; <"<aBbC 1010%0& ()-!' 10%008& ()-" 10%0& ()-
@ 10908, () - $100/@& ()-" 100/@& () - N<<===0>>dEbC

10 $10%3& T
=nc 1011 | EHBEGC k) Dirkhee® O -]
' CQ Y4.0%) B8~ %0 ' 1005 0.60
Comp. 3 1.00 0.05 0.60
13 1.25 0.05 0.76
Comp. 4 1.25 0.05 1.08
| 14 1.50 0.05 1.07
. Comp. 5 1.50 0.05 3.75
15 1.75 0.05 1.52
Comp. 6 |1.83 1.38 1.75 0.05 3.08
16 1.70 1.25 2.00 0.05 2.01
Comp.7 |1.70 1.25 2.00 0.05 13.43

The examples show that the polymers of this invention can be formed from
reaction mixtures which contain significantly less diluent when using the diluents
disclosed herein as compared to prior art diluents. As the results listed in Table 2

- indicate, this becomes particularly important as the amount of the hydrophilic monomer
) 10  in the reaction mixture increases. The amount of diluent needed to form a clear blend in
“Example 14 was 2.01 g of 3-methyl-3-pentanol, as compared to Comparative Example 7
which required 13.43 g of 1-hexanol for the same reactive components. Those examples
indicate that it took more than 6 times more 1-hexanol to form the clear blend than 3-
methyl-3-pentanol. Using the diluents disclosed herein it will now be possible and
15  practical to form blends and lenses using mixtures of silicone-containing monomers and
hydrophilic monomers that would not form clear blends or lenses using the prior art
diluents. Further, the examples indicate that the polymers of this invention when used to

form lenses possess good mechanical properties.

This invention has been described with reference to preferred embodiments;
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however, additional embodiments are within the skill of a person of ordinary skill in the

art and are within the scope of this invention.
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where R, R* and R™ " are independently selected from H, or unsubstituted, linear, branched or
cyclic monovalent alky] groups having 1 to 7 carbons with the proviso that no more than one of

R, R’ and R” is H; and wherein said hydrophilic monomer is selected from the group

cons1st1ng of N N d1methyl acrylamlde (DMA) 2 hydroxyethyl methacrylate (HEMA),

glycerol methacrylate 2~ hydroxyethyl methacrylamlde polyethyleneglycol monomethacrylate

methacryhc ac1d acryhc acxd N-vmyl pyrrohdone (NVP) N- vmyl N methyl acetamide, N-

vmyl -N-ethy] ; acetamlde N vmyl N methyl acetam1de N vmyl N ethyl formarmde and N—vmyl

formamide; said reaction mixture to be used to form a contact lens.

2. The reaction mixture of claim 1 wherein R, R’, and R”’ are independently selected from

unsubstituted linear, branched or cyclic alkyl groups having 1 to 7 carbons.

3. The reaction mixture of claim 1 wherein said structure of said diluent has at least 4 or

a——

more total carbons.

4. The reaction mixture of claim 1 wherein said structure of said diluent has at least 5 or

more total carbons.

5. The reaction mixture of claim 1 wherein said diluent comprises a secondary alcohol.

6. The reaction mixture of claim 1 wherein said diluent comprises a tertiary alcohol.
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"10% h& 1"10% h uuuu7vnva?r S41 Y"1 -&S 10% h& () -s1
h&' () - methg-0pchEanal, @methybisheptancl, 2-methyl- 2 octanol 2 2methyl 2-nonanol, 2- methyl 2-

decanol, 3-methyl-3-hexanol, 3-methyl-3-heptanol, 4-methyl-4-heptanol, 3-methyl-3-octanol, 4-
methyl-4-octanol, 3-methyl-3-nonanol, 4-methyl-4-nonanol, 3-methyl-3-octanol, 3-ethyl-3-
hexanol, 3-ethyl-3-heptanol, 4-ethyl-4-heptanol, 4-propyl-4-heptanol, 4-isopropyl-4-heptanol,
2,4-dimethyl-2-pentanol, 1-methylcyclopentanol, 1-ethylcyclopentanol, 1-ethylcyclopentanol, 3-
hydroxy-3-methyl-1-butene, 4-hydroxy-4-methyl-1-cyclopentanol, 2-phenyl-2-propanol, 2-
methoxy-2-methyl-2-propanol 2,3,4-trimethyl-3-pentanol, 3,7-dimethyl-3-octanol, 2-pheny!-2-
butanol, 2-methyl-1-phenyl-2-propanol and 3-ethyl-3-pentanol.

9.  The reaction mixture of claim 1 wherein said diluent is selected from the group consisting
of tert-butanol, tert-amyl alcohol, 2-butanol, 2-methyl-2-pentanol, 2,3-dimethyl-2-butanol, 3-
methyl-3-pentanol, 3-ethyl-3-pentanol, and 3,7-dimethyl-3-octanol.

’ 10. The reaction mixture of claim 1 wherein said diluent is selected from the group consisting

—

of tert-butanol, 3-methyl-3-pentanol and 3,7-dimethyl-3-octanol.

11. The reaction mixture of claim 1 wherein said silicone-containing monomer has Si and

—

attached O present in 2n amount greater than 20 weight percent of the total molecular weight of

said silicone-containing monomer.
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21.  The reacnon mxxrure of clalm 1 wherem sald s111conc contammg monomer comprises

o

[

10 to 90 weight percent ofthe po1ymenzable components, and whene_m said hydrophxllc

monomer comprises 5 to 60 weight percent of the ‘polymerizable components, and said diluent

compnses 1 to 40 wexght percent ofthe combmed wexght of polymerizable comﬂonénts and

diluent.

22.  The reaction mixture of claim 1 wherein said silicone- -containing monomer comprises

e b i e [P

30 to 80 weight percent of the polymerizable components, and wherein said hydrophilic

monomer comprises 10 to 40 wexght percent of tt ofthe polymenzable components, and sald diluent

comprises 3 to 30 weight percent of the combmed wexght ofpolymerxzable components and

diluent weight,




