SOFT CONTACT LENSES FI ELD OF THE I NVENTION This invention relates to
silicone hydrogels that are forned by curing a reaction 5 m xture that
conprises silicone-containing nmonomers, and are used to forméO¥038nt act
| enses. BACKGROUND OF THE | NVENTI ON A hydrogel is a hydrated cr? $;-|éig ked
pol ymeric systemthat contains §8fEEoNTARY 1 SEseg}ﬂi i brium st %% J
Hydrogel s typically are oxygen per npati bl e, making them a

preferred material for producing bionedical devices aQdan padi eyl
contact or !Fgﬂﬁm gsﬁﬁ]ngOonvent i onal hydr ogel Z;aaoﬁiﬁgrg gonﬂ-
nmononeric m y contai ni ng hydrophi [¥c n s,wsu€h as
2- hydroxyet hyl nhisaseyticat elatesEd/Rilicsre Hdrogdls thay bRtYforrRSdr Byobirkl REreAdVF) - U. S.
Patents 4, 495,313: 4,889, 664 and 5, 039, 459 di scl ose the fornation of
convent i Bna™ Y- By lomprizss siisoncroniaming menopets; andharg isedoioviorm sefhaentasy dr ogel
materials r@hgdses to the water content of the materials, and is typically
bel ow 20-30 barrers. For contact |enses nade of the conventional hydrogel
materials, that |evel of oxygen perneability is suitable for short-term

wear of the%ﬁmm hat | evel of 20 oxygen perneability
may be insuffTcCl | thy cornea during | ong-termwear of
contact |enses (@A hydrogél islahydraiet Rens-lifl@dpoBmkric TReneher entaals fwiidrsn have been

made anq conti.npue tq bex_@de to i.ncrease the oxygen perneability of
convent i 8naleq‘ﬂ@iﬂ‘“5b§?t§: Eosgls dvhically gre; QxvpsRcRemBRaBler and bipegmBttiblse Mekiami | i t y

of the hydr e@el & pteferted raslekiab forl frOMNR; @Qﬁﬁrﬁédf&hln%vﬁgﬁlﬁ}{ﬁeﬁlgabﬁufap@or{w& lLpgel

formul ati ons, thereby making silicone 25 ydr ogel s. | cone-cont ai ni ng
pol yners geff87a8fuldr lensese hi gher oxygen perneabilities than conventional

hydrogels. Silicepg.ehisiap gf'dlr %Jlka}{x% Eped’ GRS grﬁilé%geﬁgréré%ogﬁn%hét ures

containing at |east one silicone-contalning nonomer
hydr ophi | i c comsatomg hyddepkiie mondreers,i ducic ane-hgdrokyethyl ngthaerpieRe(HEBMAY bEN-

agent 1 455 MVOREO AR NG I f hediouge 03, 4885 Sd Slanedp Gisaora ves) or o
separate cr éafatictkofM@no@eibial Aok, ORFIeA ) 8Eheathilt§ of these conventional hydrogel
materials relates to the water content of the materials, and is typically below 20-30 barrers.
For contact lenses made of the conventional hydrogel materials, that level of oxygen
permeability is suitable for short-term wear of the contact lenses; however, that level of
20  oxygen permeability may be insufficient to maintain a healthy cornea during long-term
 wear of contact lenses (e.g. 30 days without removal). Therefore, efforts have been made
and continue to be made to increase the oxygen permeability of conventional hydrogels.
One known way to increase the oxygen permeability of the hydrogels is to add
silicone-containing monomers to the hydrogel formulations, thereby making silicone
25 hydrogels. Silicone-containing polymers generally have higher oxygen permeabilities than
conventional hydrogels. Silicone hydrogels have been prepared by polymerizing mixtures
containing at least one silicone-containing monomer and at least one hydrophilic
monomer. Either the silicone-containing monomer or the hydrophilic monomer may
function as a crosslinking agent (a crosslinking agent is a monomer having multiple

30  polymerizable functionalities) or a separate crosslinking agent may be employed. The
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2 formation of silicone hydrogels has been disclosed in US Patents
4,954,587; 5,010, 141; 5,079, 319; 5,115, 056; 5, 260, 000; 5,336, 797;

5,358, 995; 5, 387, 632: 5,451, 617; and 5, 486, 579; and WO 96/ 3939 s,

Pat ent 3,808, 178 di scl oses the formation of copolymers of small silicone- 5

cont ai ni Ny PRRQEGRS S smgne/g,fd'g&gé& ﬂx@&@p@ws& P Bakcits o5 ss‘ia%g@g,fléno% 461

descri bes silicone hydrog repare rom vari ous conbindtion

si |'i cone- polypdP.athahél hHeks, oh29000an &, 3¢ TPBp i3IBS AZRBO32; s Bdhl 6k, HENA or
N, N- di met hyacgyl.aim d 95\4% The addi tion of
met hacryl ox?/ﬂrsé’ay ’taP(I?}SN&éI net %yl siloxy)silane (TRI'S) reduced the nodul us of

such 10  hydr ogelss Pateut 3j308, M8 Yis@sRE ke forhtonNEItdpgymeaSofSénidill silltoghrer t han
may be dghsi red.. U S. Patents 5, 358,995 and 5, 387,632 descri be hydrogel s
made from v&PTHGES BQRYPSTE R RECHY hydiophilie menem@boners, TRI'S, n-vi nyl

pyrrol i done (NVPY anplnliVhs oRR 19GH0ib8 SifeGHe RYdrBbcld Yrbda Bont Rrisiyl | cone
macromer with TRI'S reduced tHe nodul us of the restulting hydrogels. Two

publ i cat i onsombinationh of siivenespolyvosthant Thacrdodre apfl H3didphilid Monomers such as

Pol ysi | oxan L kyl th . s in Polyur ne- Pol ysi | oxane..Hydr ogel s",
J. Appl. Poly: “Sci .&Voﬁ\iﬂ%{y,%&ﬁﬁaﬁg?ﬂ%g (f@%; and "%ee Roapgmlépt( Buf ky
Pol ysi : oxanlyﬁeﬂiakryloxwwy;{tﬁs(yﬁrﬂétmsilbﬂy)@a%ge(rI'-R)E’E)r lrfaahbde thly dmogsths N&ft ewdhal Is :
J. Appl ., .Po S¢i,, .Vol. 56, 317-324 (1995) al so descripe_ experinmenta
osub s PhaitipEet bt i Seimaith e Sgluh yar UHEr aR Y B AFRUET | on

m xt ures of _ si || gogepgied 9,@?&‘595’3‘% B?ﬁ@ﬁ,@@i‘ideé&ib@‘?ﬂ@:@é@ dde Sk GRigs DVA
decreases with added TRI'S.” The use o

met hacryl oxypmbipgtions sift siliaeee Hydcsemessy TRES, hyvisyll apeolidemn)(NVE) nakde Divb d
contact | en%&g%ﬂﬁée g'?%&éw %ﬁﬂ?g ogﬁe.gs%ii]cg&ééacq et \Qith:| ?Rﬁslﬂeﬁéc%ﬁ %he §llus

relatively hi I'’cone-contal ni ng nononers such as TRI' S
ar e i ncor porofitiedresulting Hytigély d Togelublicatiols ffond thessaime @oather, CThé Rblei af Buikycr oner s

and 25 hy i1 rs, the_elasticify, .or t speed at ch the

pol yrmer et 3;fﬁ§9%@yﬁ4@?3fq%cwgfeséﬁgﬁé‘“rg‘}’f“éer'ﬁéﬁﬂcg@egg’ﬂr‘%ggr’eldﬁeévgi) {’:1?5' an

extent that Scb, WelC®apt BIIBE1 109 {1996); OMdACtThe Role of Bulky Polysiloxanylalkyl
Methacrylates in Oxygen-Permeable Hydrogel Materials", J. Appl. Poly. Sci,, Vol. 56,

317-324 (1995) also describe experimental results indicating that the modulus of
hydrogels made from reaction mixtures of silicone-macromers and hydrophilic monomers
20  such as DMA decreases with added TRIS. |
The use of methacryloxypropylbis(trimethylsiloxy)methylsilane (MBM) to make
hard contact lenses was described in WO 9110155 and in JP 61123609.
When relatively high levels of bulky silicone-containing monomers such as TRIS
are incorporated into the hydrogels made from silicone-containing macromers and
25  hydrophilic monomers, the elasticity, or the speed at which the polymer returns to its
original shape after stress can be reduced to an extent that is unacceptable to the contact .
lens wearer.
There still remains a need in the art for silicone hydrogels which are soft enough to
make soft contact lenses, which possess high oxygen permeability, suitable water content,

30 and sufficient elasticity, and are comfortable to the contact lens wearer.
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ens wearer. There still remains a need in the art for silicone hydrogels
whi ch are soft enough to make soft contact |enses, which pqéﬁgﬁ%%high
oxygen perneability, suitable water content, 30 and sufficre

elasticity, and are confortable to the contact |ens wearer. 3 SUWARY OF
THE INVENTISmmﬁhggyumwenghmwwgggghpes a silicone hydrogel prepared by
curing a reaction nxture conprising a silicone-containing nononer having
the fol | owi ng st?‘a&m%wn[r’éw es 3 silicae ydfageleprepagichyctusingp &eaction mixgprer CH3,
gis | or RIsd, I ndependent |y

et hyl, nethy be zypﬁsm%gﬁ$$m é@ﬁ@%gég*%ﬂ?qgu %%%e ﬁ%in conpri sing
froml to 100 repeating Si-® units, pis 1 to 10, r = (3-q), Xis Oor
NR[err], where R err] As Hlor a 10 nDnovéEgﬁ% aIkyI group with 1 to 4
carbons, ais 0 or 1,R L X—a4QpM4CH@L_Lsnk%mgud?nﬂa?yh|ch preferably
conprises from2 to 5 calfbons, which may’al so optional | y%onprise ether or
hydr oxyl 5gr gyp&ureffor exanpl e, a pol yethyl ene glycol chain. In the preferred
enbodi ment, the silicone hydrogel further conprises a second

si licone-contai ni ng nononer and a hydrophilic nononer. The
advant ages, s (o] epaf o sd I ni ng
nononer s of v‘@;rref?(l;i{kurlgeﬁl ?IEH"' alsa %(r:t%%& ﬁ‘;' %CHJ Rre ug&%‘t hdég?{{gg%ﬁ%&hgf t he
hydr ogel espthgl, atethyl, |ueniyyd1hegélos amzmlvalemmﬁmane chdnEcm;insmgrfeom:(brtbaDm ng
nmononers of Structur and, addi t.i onal sil n|n nopers which
act as cros&fPe ﬂﬂ‘@rg 8%5 oifohd? d%f b @cbﬁfse Ior tTves & °F Bweri ng
the nodyOus ndphotaledt alkyli ggotewitty U@ RhrbWAER isl §SERK LNs 2@1va1eﬁt€mﬁ gRpunt s

than for nononers descrlbed in the prior art, t her eby al | owi ng %omer | evel s
of si| i cone>eishipEembly comprbrRRem gito Sabons which mgy plso eetwa%ﬁomngﬁ @hesr vi ng

the el asti Cig fyddburt BB k‘dr“e%ﬁpl@é%ﬁ@ﬁx&l%n@élyéoﬁ‘&lﬁx Jnvention. It seens |ikely

that this effect I's”because
In the preferred embodiment, the silicone hydrogel further comprises a second

silicone-containing monomer and a hydrophilic monomer.

15 The advantages. of this invention are that the use of the silicone-containing
monomers of Structure I in a silicone hydrogel reduces the modulus of the hydrogel
especially in hydrogels which comprise the silicone-containing monomers of Structure I
and additional silicone-containing monomers which act as crosslinkers. The monomers of
Structure I are effective at lowering the modulus of the silicone hydrogel when present in

20  lesser amounts than for monomers described in the prior art, thereby allowing lower levels
of silicone-containing monomers of Stucture I to be used while preserving the elasticity of
the silicone hydrogels of this invention. It seems likely that this effect is because the
siloxane group is less bulky than that of silicone-containing monomers used in the prior
art, such as TRIS. The polymers produced according to this invention can be used to

25  produce soft contact lenses which will provide high oxygen permeability, good elasticity,
and can be produced economically and efficiently. The -polymer of this invention can be
used to make biomedical devices which require biocompatability and high oxygen

permeability, preferably contact lenses.
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sil oxane group is | ess bulky than that of silicone-containing nononers used
inthe prior art, such as TRI'S. The pol ymers produced accordin to thi S

i nvention can be used to 25 produce soft contact |enses WAL

provi de high oxygen perneability, good elasticity, and can be produced
econonically and efficiently. The polyner of this invention can be used to
make bi onedi cal deV|ces mhlch requi re bioconpatability and hi gh oxygen

per meabi | i t DETP 2 DEL T'EEMNTIOM DETAI LED DESCRI PTI ON CF THE

| NVENTI ON The te{ honer" use here| ers o .|l ow Iecular ght
conmpounds (i.e Wﬁ?%l?@f’oﬁ’ﬁblﬁﬁghﬁﬁﬂ& \}% oy ao ‘I‘l%rc‘ﬁ‘f‘ CREPYIRLY l1‘3ess t han
700) that cgpichlfy HaGhy fRhbef @Gbrage moléifhr WRighB WskiRah 00) 'tl&hciHﬂe%l&hﬂﬁzéﬂ’el ght
conmpounds or pol yners, sonetines referreg to as nacronmononers, (i.e

typical |9 hend ta ghedivrbtor high Blegdatveight sompownss ghpelygets aartimesergd Jo

cont ai ni ng r paﬁ!‘, S, it

I S under st ogﬁggﬁgg&? & Q%Drr\? P fcgil |1 c%ﬁg{xéﬂ%ﬁ{%ﬁ %g‘gir%‘ﬁ?n"é@t’g %Edw i

" hydr ophi | i Z00oenmtazring ﬁlrrmbmﬂegmmon&pablp ofa Grtheo rpolyemeszagind  pTayol iy ner s.

Prepol yners are rtially 10, ..polynerized nononers,Qr Jmononmers which are
capabl e of ?'ﬁ{efsﬁ%? b%té\bﬁém f‘}“g"ﬁ'e"‘ﬁi\"“‘é‘r“b’.'a%wa“’{?o ﬁf’%\l BydraPRilE TIAMRFETS s one
that contai mgluad heRers; VRadrombndatels 4@ epilebdlgmétsi t PrefolmirsTRARD MPAftiallyraCT OMET
or prepol yrrer Preferably, the total Si and attached O are present in the

si | i cond? coPRIENSTizag MRBPMFE PT MANOmErRRchare grrahleof Ui POBMeREItORt per cent
and nore pref er abl a4 @5 Raloftaididd@ hoRGmye! @hénepﬁﬁp?:%itgxﬂg af I?é%stt %@'[-sﬂld-?w' ar

15 wei ght of the silicone-contalning nononer | es of
silicone- corﬂpaatmg ngltnun@rmpsomﬂr @acrrgmempeprepolhraer camfewlwsledtorab S @ndn

silicone i nventi o
met hacr y! Oxypr Opy b| S?resent mttﬁ Fllxcqngkcyytl%nﬂgyrpono e 31, in' afbunt great@r fhan 20
met hacryl ox wprghm&mnhmmbi’eyﬂrefemblbmm than 30 weight percent of the total molecular

é?ogf}\rt B%E tylrf%r%&%ﬂ‘%&{cg%gﬁmﬁﬁ%ﬁé and nono- et hacr yl oxypr opyl

term nat ed Examples of the silicone-containing monomers of Structure I that can be used to

form silicone hydrogels of this invention are

methacryloxypropylbis(trimethylsiloxy)methylsilane,

methacryloxypropylpentamethyldisiloxane, (3-methacryloxy-2-hydroxypropyloxy)
20 propylbis(trimethylsiloxy)methylsilane, and mono-methacryloxypropyl terminated

polydimethylsiloxanes such as Structure II:

‘Ti i—Ok—— ITI\/\/

Structure II
where b = 0 to 100.

25 The preferred silicone-containing monomers of Structure 1 are
methacryloxypropylbis(trimethylsiloxy)methylsilane,
methacryloxypropylpentamethyldisiloxane, and mono-methacryloxypropyl terminated

polydimethylsiloxanes. The more preferred silicone-containing monomers of Structure I
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pol ydi net hyl si oxanes such as Structure Il: [err] Structure Il where b =0
to 100. 25 . The preferred silicone-containing nono rs of
Structure | are methacryl oxypropyl bi s(trinethylsiloxy) MN;H | ane,

met hacr yl oxypr opyl pent anet hyl di si | oxane, and nono- net hacryl oxypr opyl

term nat ed pol ydi net hyl si I‘gm f hifone-congai ni ng
nmononers of Structure | ?ﬁoxysﬁ‘fxy %{tﬂm%ﬁgxﬁ{x&ﬁ&tkﬁks ke bt

met hacryl omhwwmpmwlpmmdﬂwl@ﬂbmuy) mefThe/ | siobtarpegferresh dhilicone-containing

met hacryl o ro nt i si ] oxane

si | i cone- corxné)af’%%/%f‘g}q%ﬁ%eﬁer oﬂ' lox&rﬁ?yéb‘ﬁ(m"%e?hylsqoxyt)mgtﬁﬁmgme &itsn)

met hacry! oxypr Omyiks brefried ithat aligilicrial sikaoherdhihiag hdnemédB combined svitprief er r ed
t hat ad loﬁanal si | i cone-cont ai n| ng nononers are conbi ned th the 5

silicon {CaReGARHRIHARE, FIPEPEErs {0 S?‘H&Mﬁé tp foams e njofth eordast tlesginehidke | enses

of the i nvq9\ten95h A@Maamc&ieldoﬁmg%ﬂoﬁiem d%%ﬂfé?ﬁﬁ%é sm&ﬁé wharbgyis maki ng
silicone hydrogels can be used in conbination with the Silicone-containing

mononer of @ rbgelsfrdem|combmatmnnwm§1e§dfcpneemtmmg menereer offStrupure Iitpfermt i on.
Many silic ef t i sed in
Us Lert a1 e SEE MR 1 TR IR REpHRE Mepy' QlrohltegrybR BRFoRLE uilii 005 |
reference. thisepppesearediseckdd t inowsl ssmdllmn@sm&,nas rﬁlag OQupsberey, S199G/1bi ned
with the silicone- ntalnl nonao re to formthe silicone
v ogel®. BIOTRRES PGBt TR HyaRLAGHR SiPeSiaties BRgpres

si | i cone- coudirdi ReitHTEHRO§RIoSe- dérﬁaﬁlueg Qfibriotheld: S SOEIthrd| I MIBREY the silicone
(VTN-0389) titled Silicone Hydrogel Polynmers by Vanderlaan et al. filed

concur r ent | ydregelevet; Hhis ARvgntiqac step ghea hydronyslkylaminedinetions) silicopepeat@ining  The
preferred rﬁbﬁdnﬁ%?s&@é@a% I".r.g.gSerJia!l NdibeP b_r a!"Ched(\/ ]iN 0&893 titled Silicone
y a omprising—a bl oc r

hydr oxyal kyl am ne-tuncti on nmononers c random nononer
of the fol|Bydroggl Polymetsubye Vanderlaan et al. filed concurrently herewith, and incorporated

15 herein by reference. The preferred silicone-containing linear or branched
hydroxyalkylamine-functional monomers comprising a block or random monomer of the

following structure:

20  Structure Il
wherein:
n is 0 to 500 and m is O to 500 and (n + m) = 10 to 500 and more preferably 20 to 250;
R% R* R’  R® and R’ are independently a monovalent alkyl, or aryl group, which may be
further substituted with alcohol, ester, amine, ketone, carboxylic acid or ether groups,
25  preferably unsubstituted monovalent alkyl or aryl groups; and R', R® and R® are
independently a monovalent alkyl, or aryl group, which may be further substituted with an
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ferr] 20 Structure Il wherein: nis 0 to 500 and mis O to 500 and (n +

m = 10 to 500 and nore preferably 20 to 250; Rerr], Rerr R;[err],R[err]
and R[err] are independently a nonoval ent al kyl, or aryl gﬁ'hul‘b(,) i ch may

be further substituted with al cohol, ester, am ne, ketone, carboxylic acid

or ether gr Ul &rr, mﬂﬁéf@E&E,gé’a&&[Hé?lﬁ%i& toP_teﬂ-%g g\;&r@}égkeﬁ’ﬂméhﬁ%&t ted V!

groups; and Rerr], Rerr] a are in y a nonoval ent

al kyl , or amphovgleotgikyl wharglgrenpy, dsare the foiewing mbetgen-ooreaining sthucture: 6

al cohol, ester, am ne, ketone, carboxylic agyd or ether group, preferably
unsubstituted nonoval ent al kyl or aryl gr s, or are the follow ng

ni trogen-cont ai ni ng structure:_[_e{,\p]__Str[I cture IV 5 with the proviso that
at |east one of Rerr], Rerr], and R er are according to Structure 1V,
wherein RO is a divalent alkyl group such ggi-{CHerr])[err]- where s is
from1l to 10, preferably 3 to 6 and nost preferably 3; Rerr] and R err]
are i ndependeweteigIM, a nonoval ent al kyl or aryl group which may be further

substit uged i .8 1 ' 8 . r ' | d..or ether
oot o8 A0 ey SRS, RTIER: BE OB DA . Sty 21
iIs H or a Rbisaulivaient alfyd lgyoup sichal HCH).0 where 6 iy érs il ng 1@ qirafbrally 3 to 6 and

nmet hacryl oyl , st K vinyl, allyl or N-vinyl lactam preferably H or

net hacryl oyf°® gffr"élla%’yiz’s 15 either H,  a nonoval ent al kyl or aryl group

whi ch can b 4hdtRitire snlepdnidbritly et AnbdbvaleRNat or ﬁgt Sloup Miich fnay R treHRRr
carboxylic acid or ether groups, or a polynerizable group comnprising
acryl ate, nedbseuted|vithean al¢ahpl; jestery pripe, kesoney parboxyhe e¢idhwr ethacgeelp, Grlaser abl y

alyl subgti idlGtbwing structure: .

Structure V
where R, is H, or a monovalent polymerizable group comprising acryloyl,
methacryloyl, styryl, vinyl, allyl or N-vinyl lactam, preferably H or methacryloyl, R is
16  either H, a monovalent alkyl or aryl group which can be further substituted with alcohol,
ester, amine, ketone, carboxylic acid or ether groups, or a polymerizable group comprising
acrylate, methacrylate, styryl, vinyl, allyl or N-vinyl lactam, preferably alkyl substituted
with an alcohol or methacrylate; R, R and R" are independently H, a monovalent alkyl
or aryl, which can be further substituted with alcohol, ester, amine, ketone, carboxylic acid
20  or ether groups, or R™? and R”, or R" and R can be bonded together to form a ring
structure, with the proviso that at least some of the Structure IV groups on the monomer
comprises polymerizable groups. R™?, R™® and R!® are preferably H.
In alternative embodiments, the silicone hydrogels of this invention, comprising the
silicone-containing monomers of Structure I, may comprise, with or without the addition

25  of additional silicone-containing monomers, which are silicone-containing monomers not
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wi th an al cohol or nmethacrylate; Rerr], Rerr] and Rerr] are

i ndependently H, a nonoval ent al kyl or aryl, which can be further
substituted with al cohol, ester, amne, ketone, carboxylicVagr@9%0 or

et her groups, or Rlerr] and Rerr], or Rerr] and Rl err] can be bonded
together to I fru r with the. provi ha l,e sonme of
the Struct u?c%&lr gS‘P ogl}g‘gm(%%\ I’t ﬁ{ae%rrr% 1 oﬁ%’%’pnéé %?rlgghéléc %gpél"r’reéé'i ?E%Ihégrg%%%ﬁcps.
Rlerr], R emohonzendoptfonaily] usad e maled the bdrpgdt polymenbf thisrimtention @ntbednyrent s, t he
silicone hydrogel s, of i S inventjion, conprising th i | i cone-contai ni ng
monomer s of 3?‘?%‘1 WF@OHH“H‘CWOE‘SWFF@EM EW“B?“%%WFS‘G?‘Y‘irH@?Saddi tion 25  of
addi tional sili crereeRédhytrslhilRUNGHTRIS uskltd hald fhe PolyeP DL AL NT
nononer s_ not 7 according to Structure |, preferably conprise hydrophilic
nonomer s°  THaY beithepasryliccomamdsentainapt Senhdiyiispphiieaonamernmey themsehigsibogel

pol ymer of S | | «Rf 1 1 hes kn, _ 8 i) rs

di scl osed i %1&?%%&%%@@%1&1%?%&?% ﬁn%lfﬁy‘?ﬁ%é@?s&“%ﬁ@ garﬁgéf“g%)e'i&&"%vggggﬁfl I C
nononer s usedmomnreek@ntdrengihk ywingl grofipibd) (-SHFGHdnd are generaliplighie reaktdveer
acrylic- or vihn%l -C 111t ai ni ng. .Such hg{%rophi*ri‘c nononers. may t hensel ves be
used as croS¥i HRTRGHS JARECTtaHES MOpomers 2y KIowpio- elymerize fOfivel Bsivni ng"
nmonomer s r ef Lérylicoypay NENTeAchylie @ohtdinthe N GndnbMets! £¥ | the8eOmBhdMErd cbitaifini )thend ar e
gener al Ig hi ghly reactive. Such hydrophilic vinyl-containing nononers are
known t &0 poPHISTETP: rel ativel y easily. "Acrylic-type" or
"acrylic-containing" nononers are t CCREGRJTEr s cont ai ning the 10

acrylic group: (CH2=CRCOX) wherein I's Hor" CH3, and X is 0O or N, which
are al so known twhesein Raisrl o8 Gibaatid X, is QuehNasvhidhiack stet kydwrater gdlymsride ( DVA) ,

2- hydr oxyet hyl.. met hacr, .e (HENVA) . .ql ol nmet hacryl.at e,

2- hydr oxyet ﬁ%éfmy’ Slf?gtaﬁ gfﬁ?‘#"é‘?ﬁ" eaf:ry}ahﬁcgﬁ |2.‘§P{ gmeél?ﬁq "}ég’acrylate (HEMA),

mononet hacr glyadrel, nNRiethaciyidte, C aChydiréxdyeth@Cr y methadladide, Hy d pelpdihyléneglycol

Vi nyl -cg?gt ai ni ng ponQmer s vvhi@%‘h may be i ncarporated into the silicone

hydr ogel'® ofopprastiacadapmsthAsEie ped 2rdrenligacifonomer s such as N-vinyl | actans

(e.g. Hydrophilic vinyl-containing monomers which may be incorporated into the

silicone hydrogels of the present invention include monomers such as N-vinyl lactams (e.g.
N-vinyl pyrrolidone (NVP)), N-vinyl-N-methyl acetamide, N-vinyl-N-ethyl acetamide, N-
vinyl-N-ethyl formamide, N-viny! formamide, with NVP being preferred.
20 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 with
one or more molar equivalents of an end-capping group such as isocyanatoethyl
25 methacrylate ("IEM"), methacrylic anhydride, methacryloyl chloride, vinylbenzoyl
chioride, 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.
Still further examples are the hydrophilic vinyl carbonate or vinyl carbamate

30 monomers disclosed in U.S. Pat. Nos. 5,070,215, and the hydrophilic oxazolone
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N-vinyl pyrrolidone (NVP)), Nvinyl-Nmethyl acetam de, N vinyl-N-ethyl
acetam de, N vinyl-Nethyl formam de, N-vinyl formam de, with NVP being
preferred. 20 Ot her hydrophilic nmononers that can DEMEAPIOyed in
t he invention include pol yoxyet hyl ene pol yols having one or nore of the
term nal hy@{aQ3ybrs RIS Hapkasgdny nefd onal  aro ntai ni ng a
pol yneri zabl e? dourf)l es bondl. S gﬁbﬁ?&?r@?ﬁﬁe%%#%ﬁ?&l lgﬁg()pgﬁ%rbqn?me

et hoxy! at ed wdll kedppafientdo onelskilledirdthetaitox y| at ed bi sphenol A reacted with one
or nore nolar eqyi val ents. of. an.end-cappi group .such as_.isocyanat oet hyl
25  methacryl at fgfofe'}fr 77 R%?M@W“P@géﬁﬂ%rmﬂéﬁe IRFREAPEAFA/NGVhE RIS | de,

vi nyl benzoybf thelpeésesteinvention Melulié KfiroghRlicPhObnfeds iRl Xl Arane aﬁﬁkr}{fak havi ng
one or ngre term nal polynmerizable ol efinic groups bonded to the
y

pol yet hyP en&PNépy dhydioxystiyh methaerviaie r(HEMA)eS%@@r@E methagrlatya eltydroayetind t er
groups. Stilyg Ll © t dr my I Nyl rbonate or vinyl
carbamate 30 ethfaﬁ&onong? sNg‘P@J(l: oggad&llenrtﬁ.‘@}’ Pg‘{?).t&%egl?g\{ %?%7@?3%%%@9% he

hydr ophi | i c msitagrslicassd and agryhomidrwitls DMA béinsthe most poefSred®at . No. 4, 910, 277.

O her suitabl e hydr L] nomers will be. apparent .to one skilled in the
art. More prefer?glgpﬁl&a?%l%ﬁi 1t a8 et Wh'ihﬁﬁg"}‘r‘ﬁfl“ RIS 5P &7 é‘lr@d&F nto the

pol ymer of silieonpihgdrepél of rhiciténtion ideiide d8rabMElEONebrbing niBABRBE! Rakive AmdS
N, N- di r’r% hylﬁwg@r ){,Lam' gg .5 (DVB), 2-hydroxyethyl mnethacrylate (HEWA),
gl ycerol e P k&t addivongl progsssing migs suehap Ealsaye agenigor WRERB agentsyean elsp done
(NVP), pol yet ladeg 0e Bk Y&RlionmARREL hacryl ate, nmethacrylic acid and acrylic

acid with DVA being the nost preferred. Qther nononers that can be present
in the reaction #palymesizatinadcatalyst dy prefdrablys imciudedén Ithedreagjioh roficturdri The

i nvention i =1\ bsor bi noners, reagti,ve tjnts .10 and
the |ike. Aggllwg%ﬁg{’ﬁ %?%%Aégéf h%gacl%glgo @gﬁgggs 1AL, 88roy %rﬁegzoéfir p%’f’%"l’ng
agents can abpopyeeadedatt,cazbbisisobanesrimife, B XHellike, thét Pkatee Hed ddiQAR £at al yst

is prefeggably .included in the reaction m xture. The
P &5 rr%derately e(ilevated temperatures, or the polymetsijzation catalyst can be a photoinitiator

system such as an aromatic alpha-hydroxy ketone or a tertiary amine plus a diketone.
[lustrative examples of photoinitiator systems are 2-hydroxy-2-methyl-1-phenyl-propan-1-
one, and a combination of camphorquinone and ethyl 4-(N,N-dimethylamino)benzoate.
The catalyst is used in the reaction mixture in catalytically effective amounts, e.g., from

20  about 0.1 to about 2 parts by weight per 100 parts of reactive monomer. Polymerization
of the reaction mixture can be initiated using the appropriate choice of heat or visible or
uitraviolet light or other means depending on the polymerization initiator used. The
preferred initiator is 2-hydroxy-2-methyl-1-phenyl-propan-1-one, and the preferred
method of polymerization initiation is UV light.

25 Typically after curing of the reaction mixture (which is defined as the silicone-
containing monomers of Structure I and optional -hydrophilic monomers and any other
optional ingredients such as additional silicone-containing monomers, diluents,
crosslinking agents, catalysts, release agents, tints etc. which are blended together prior to
polymerization), the resulting polymer is treated with a solvent to remove the diluent (if

30 used) or any traces of unreacted components, and hydrate the polymer to form the
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pol ymeri zation catal yst can be a conmpound such as |auroyl peroxide, benzoyl
peroxi de, isopropyl percarbonate, azobisisobutyronitrile, or the |ike, that
generates free radicals at 15 noderately el evated tenper Q8396 or the
pol ymeri zation catal yst can be a photoinitiator systemsuch as an aromatic
al pha- hydr O)ﬁg%xjégéloﬁ %l e%t gt 'agrt)é vga%rr}%r erl Hqsuegus solfu%og "Y5eh a{slplhyﬁc%é%a'l ve
exanpl es of oi NIt systens are

2- hydr oxy- 2saiinthpt dépepxh@tyﬂ thp salplility tharadderistiesal the dilwediti (ifakéd) nsedfto make

canphor qui nghe and NN-.di et h Iam Q) benzoat e The cat al s used
in the reacth orﬁ‘y?ﬁoﬁ %q“ﬁ @%ﬁﬂ&?%ﬂéa hey S%!T‘ ¥t f &ﬁ%‘tﬁﬁtg a8y g ¥13%10m 20

about 0.1 tgn@&ﬁhenza’d Ridhberb)y the&oBBit 1H§iﬁlly19§édp@ahtb% 8&f of dg%x%etﬂquﬂ SJRRNQEeT .
Pol ynmeri zation of the reaction mxture can be initiated using the

appr opri &t e eHatlcmethgnoh dspproppnali mikiyres thpreaf) arrthe/liks) et 2 mixgHe obeneartieare npans
d di t t
P On el R 08 L Pk B ST L

pol yner i zat isaline) wi froditce olme éilii:ohhmstdir@get coxﬂﬁmmg a polymer &y gid aohgmanf tweslleaur i ng

of the reacti.gn mx r i con ont ai ni
monomer s of " Rt ¢ RiHA befoad s hiRispint bR BRI S her
optional inge Sdlﬁ%@ pSieelt vdieraehdid prefiedblySid td:we\ms‘gaﬂb&bm Rt DARHANBESE ,

di luents, crossl agents, catalysts, rel ease agents, ti nts etc. Whl ch

are bl er@ed Preferabinep "B r“!oo‘f’e‘% RSERCrwstEy at iheriptal M@h‘r ek thet slisgnepbydyesst |
treated wit hfl@séﬂic%ﬁ@ﬁy&&efs%‘ﬁ&&ﬁﬁ yd%}lxkty@ R rhdidng3@n actul%f?éé%] of Entﬁ@éﬁlirr aces

of unreacted conponents, drate e pol yner to ormt hydrogel .
The sol vent lem@dPW&yabbﬁommact(l@sesan aqueous sol ution such as physi ol ogi cal

saline), or depe on the sol ubi act rlstlcso the di|luent (if
Caet) hsed t o manBeRRkoaaB Rhalph tof mbidinaheeh o it f b oy on
char act er i stdoitactdénsés)ihcludmg dpmdastuigraﬁh ynaﬁcr mmg ISpiteBRing methods &6 ldiseiosed
initiall %? used. can be an Oéuganl c as 5 et met hanol ,

0

b apeibol o7 i ot APRaR g 56545 Rl Saho svfie PERBIOIe AN oy o

such organi qyki fai §s. W ﬁh mtaﬂﬂ 4,198 ko Vatle %Yef&ﬁdrﬁ&hédjfbrvﬂrédﬂlcﬁg rBntd@t er (or
physi ol ogi cal saline) t produce’the silicone hydrogel r|S|n3 a pol ymer
1

of said rrondm?\esscmsmeﬁhw@mwaﬁféhs invartion; i by dhee dirget] m@%ﬂgSOfaﬂlﬁé congdr at i on
of the pol yrf@ﬁﬁ)g%,%ﬁ&?gl ééor?o(?rqpa'i,' ahd e?lables precise control over the final shape of the

hydrated lens. For this method, the reaction mixture is placed in a mold having the shape

20  of the final desired silicone hydrogel, i.e. water-swollen polyﬁa, and the reaction mixture
is subjected to conditions whereby the monomers polymerize, to thereby produce a
polymer in the approximate shape of the final desired product. Then, this polymer mixture
is optionally treated with a solvent and then water, producing a silicone hydrogel having a
final size and shape which are quite similar to the size and shape of the original molded

25  polymer article. This method can be used to form contact lenses and is further described
in U.S. Patents 4,495,313, 4,680,336, 4,889,664, and 5,039,459, incorporated herein by .
reference. After producing the silicone hydrogel, it is preferred that the lens be coated
with a hydrophilic coating. Some methods of adding hydrophilic coatings to a lens have
been disclosed in the prior art, including U.S. Patents 3,854,982, 3,916,033, 4,920,184

30 and 5,002,794, WO 91/04283, and EPO 93810399.
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to 50 weight percent water, nore preferably 15 to 45 wei ght percent water,
and nost 1 0 preferably 20 to 40 wei ght percent water of the total wei ght
of the silicone hydrogel. These silicone hydrogels are parYitti38¢1y suited
for maki ng contact |enses or intraocular |enses, preferably soft contact

| enses. Vari ous e | re in the
production of cgﬁ%?e?érfens e,“ﬁﬁ“g&&“a"f”%& sgml)%cas amr? 'ﬁ)%% %?lsgﬂxéég}sétfng

Spi ncast i ngmdmﬁdmdml atlieondicontaindwg dndrfvmers; if ;irbsﬁnt Bahe rdhlctmn AixA08, id Zemand

3, 660, 545, I.c_casting net hod n U S Pat

37113, 524" AR oo POTGER Gy Bord e ST e 1P 88 SO MSHIE PRSP | enses
conpri si ng ;iré'l@ra@l?'aﬂ‘)ﬁﬁtr 19fto 1801 WeigH RRIOBE {he Heycuweo@lpdsreﬁts imahdirdetsy the
silicone hydrogels, which is-econom cal, and enabl es Prem se control over

the fin& gAEWE off he Beeferiedrranascpt|aptignal ydrophilicsmararers it piesrat inethetabeye ni xt ur e
I's placed i t %D%@ﬁ e one
hydr ogel , |lﬁ‘ee?m%is§@§\\‘/{\% géﬁgg&g |y p%%ﬁrg g’lf(ﬂ)ret é}gfg%tb@gdr?oﬁfiq fjorgeb?’lgiglsnlcjbj ected
to conditi qrcscemhemdemysttpm‘eraidyl@bwt 20 pnsq/welghtzpercemooftﬂmeneedwe porophnests & pol yner
in the appr, te shape e final r uct t hi s ol ymer
mxture | SHEPRIRITORRs oo ol T aaEecorpisnt © R PRGY RelicreeAsRem ny o
silicone hyrﬂét@.qﬂfex’ﬁﬂylaﬁ@xt@ this0eight percetd Chng RRE profeirdbly &0t 0/t D@ waighi | ar to
the size and shape of the original nolded 25 pol ynmer article. This nethod

can be W5edParesnt ofithe 1ot repetion Biaws Fhecamount of dilpest requised, yasiesidspandingson pat ent s
4,495, 313; e ﬁgtgve%?l@relﬂw@%o&ﬁéoftﬂé‘x@aéw@@&rép ats.| NCOr porated herein by

reference After producing the silicone hydrogel, it is preferred that the
| ens be coat ed Wb preferradycombiphtidns of reactive sgmpRiEnts 1f60 h.duorefpreferatiings to

hydr ophilic n ay en discl in t [

el uding 07EHaphridteh of s FOREIKRSER, § RGRGG e At B iy, 104,
WO 91/ 04283weigitchetdefd 3Rl 238Re compdrﬁnt?liﬂﬂttbﬁé-ed’mﬁdng mogeme fof Strectaenpi ned
silicong-cont ai pni ng non of, Structure, | and i onal

si i cont?coht 4 ﬂé H%' g%r@a‘m"? COIFRADENTS 1) yIydrophl é%‘l’\oﬂ’ﬁr Y BFELerably £ rom

about 5 to B VeI Gh11.PRERER of HPTEaciE S hFRMs DAUTV 1A {idibie Qigheadné
percent, and nobst

photoinitiator and 0 to 20 weight percent of the total reaction mixture is a secondary or

tertiary alcohol diluent, more preferably a tertiary alcohol. The more preferred
embodiments comprise silicone-containing monomer of Structure I, hydrophilic monomer
20  and additional silicone-containing monomer, preferably according to Structure III. The
most preferred embodiments comprise the preferred silicone-containing monomers of
Structure I, hydrophilic monomers and additional silicone-containing monomers according

to Structure III which were described above.
The reaction mixtures of the present invention can be formed by any of the
25 methods known to those skilled in the art, such as shaking or stirring, and used to form
polymeric articles or devices by the methods described earlier. For some monomer
reaction mixtures it is preferred to polymerize the reaction mixtures at temperatures
slightly above room temperature, such as 30-40°C, or below room temperature, such as 0-

10°C, so as to prevent phase separation of the components.

10

This Sheet Has Been R

T



preferably about 15 to 80 wei ght percent of the reactive corrponents in the
reaction 5 mi xture. The preferred range of optional hydr ilic nmonomer
if present in the above invention is fromabout 5 to 80 vvelvg'NO%E’ércent,
nore preferably about 10 to 60 wei ght percent, and nost preferably about 20
to 50 wei ght pergf e ur

The preferred range%( (a)‘? I"&%ﬁ%‘%?ﬂﬁ‘ t& ??%‘ﬁ%%g%?ﬂ?g'ﬁﬁ’{‘ %@&tﬁe ﬁ?t%hag{kgé@n%é
pref er abl y eindosed th the Esfinples aghidemified enfollownd nost preferabl y about O to 20

wei ght 10 e tot reaction m xtur The anount of dil uent
rqui red var]?‘géaggbgﬁd7%g on t é‘yﬂ’%%é“eéw&lrwglpv’é’aﬁﬁt%ﬁts of the

reactive compgpents. | n prefer ned.gGReint Qé}g,;am of reactive conponents 10 to
60, nmore preferably 15 to 50 wei ght percent of the reactive conponents is

si |i cone? corMBMii ng nononer, 28-mehasylagpgnyibigerinehylsiory)medyisiaet i ve
conponents is silicone-containing nononer of Structure |, 15 10 to 50
percent of the reactlve conponents i's a hydr ophi lic nnnoner nor e

pref erabl y ERBEPAR : P eMmmtnem/e corrponents is a W or

visible |ight-ac 0|mt|ator of thetotal
reaction m xtur 00 é’oﬂ&é???‘%?mi’ b’a fﬂfsg %1 gram
preferably af gigdidyl aremarlyra&hwére co;ﬁbﬁemcehdafe@fﬁm s-?tdn rboP@ 'PJrSlOC}QﬂFb“ se
silicone-contal ni ng nononmer of Structure lel?/droph i ¢ nononer 20 and

addi ti ohdl The progud-wasnexipeted §verbimssnsyith bﬁO@f efbtoptoaisdle rtelirergoveoresidyalict ur e
[11. The no etrgtgg,g C e f

silicone- co%l%g%?%g{a 1rt%l(t)emer o@%ﬁ)&cﬁgﬁjﬁﬁ zéu&erlg% |1I9|£%q§13)8riolr%2’sl41%\d
addi ti onal enl.i dbisgradmet willtiengfamed oonas Sthacewntich pydua oBtglyadyumethdcrflatahi ch

wer e descri be e reactio xtures. of t{he presen n can be
formed by aﬁ@ﬁd%(?)gm ?é"hb's%‘fw&i’é'p!l&lﬁ dimetiyisiqyges X lﬁRFqn@’éf’efynb@Ng\?g‘tsQ’ such
as shaking ﬁidr&&ytzr.ﬁlhmgaryla%m@ganﬁepéwl BoR@iméiBlsliéxané t i cl es or devices by

t he net hods descri bed earlier. For sone nonomer reaction mxtures it is

preferré@l to polynerize the reaction mxtures at tenperatures slightly

above room %gmﬁa%pre, such as 30-40[err]C, or bel ow room tenperature,

such as O- errJ]C, so as to prevent phase separation of the conponents.
38.2 parts by weight of the product of PREPARATION 1 was combined with 28.8 parts

MBM, 33 parts DMA and 1 part DAROCUR 1173 and diluted with 3-methyl-3-pentanol

to make a reaction mixture in which the diluent made up 9% of the mass of the complete

20 reaction mixture. The resulting reaction mixture was a clear, homogeneous solution.
Polypropylene contact lens molds were filled, closed and irradiated with a total of 3.2
J/em2 UV light from a fluorescent UV source over a 30-minute period. The molds were
opened and the lenses were released into isopropanol and then transferred into deionized
water.

25 The lenses were clear and had a tensile modulus of 205 +12 g/mm2, an elongation
at break of 133 +37 %, and an equilibrium water content of 24.2 +0.2 %. Tensile
properties were determined using an Instron™ model 1122 tensile tester. Equilibrium
Water Contents (EWC) were determined gravimetrically and are expressed as:

%EWC = 100 x (mass of hydrated lens — mass of dry lens)/mass of hydrated lens

11
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The Exanpl es bel ow further describe this invention. Sone of the materials
that are enployed in the Exanples are identified as foll ows: "DAROCURE
1173" 2- hydroxy-2-nethyl - 1 -phenyl - propan- 1-one, VITH0B96

N, N-di nethylacrylam de 5 " MBM'

3- et hacryl qxyavmepys bi1g(tri net hyl sil oxy) net hyl si |l ane. PREPARATION | -
Preparation of PolysiToxane Mononer 500 grans of [err]-bisam nopropyl

pol ydi met hyl si | oRasséiog mﬂgfwweramdd@&lrgg toedorulayion cof WX AMPLEAL riyk alith wer e
conbi ned and h r t 100 r for 10 hours. 10 The
product was extﬁﬁgggeaghfl Ve llrrr}élg%\?\f%{oﬂnf 'f?sﬁﬁlqu'?se%E’@Te 2t rile to remove
residual glycidyl nmethacrylate to give a clear oil. IR 3441, 2962, 1944,
1725, 1638, 1612, 1412 cnferr]. This product will be referred to as "the
reacti on product of glycidyl nethacrylate and 5000 MWV [err]-bi sam nopropyl
pol ydi net hyl si | oxane" or alternatively bis(NNbis-2-

hydr oxy- 3- met hacryl oxypr opyl ) am nopropyl pol ydi net hyl sil oxane. 15 EXAMPLE 1
38.2 parts by weight of the product of PREPARATION 1 was conbined with 28.8
parts MBM 33 parts DVA and 1 part DAROCUR 1173 and diluted with
3-nmet hyl -3-pentanol to nake a reaction mxture in which the diluent nmade up
9% of the nmass of the conplete 20 reaction mxture. The resulting
reaction m xture was a clear, honogeneous sol ution. Polypropyl ene contact

| ens nolds were filled, closed and irradiated with a total of 3.2 J/cn2 W
light froma fluorescent UV source over a 30-m nute period. The nolds were
opened and the |l enses were rel eased into isopropanol and then transferred
into deionized water. 25 The | enses were clear and had a tensile
nodul us of 205 +12 g/ mMm®2, an el ongation at break of 133 +37 % and an
equilibriumwater content of 24.2 +0.2 % Tensile properties were

determ ned using an Instron[err] nodel 1122 tensile tester. Equilibrium
Water Contents (EWC) were determned gravinetrically and are expressed as:
%EWC = 100 x (mass of hydrated Iens - nass of dry |lens)/mss of hydrated

| ens

12
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12 EXAMPLES 2-16 Reaction m xtures were made using the fornul ation of

EXAMPLE 1, but with anounts listed in TABLE 1. Al reactiopn_m xtures and
| enses were cl ear. 13 Table I - Silicone Hydrogel For mulVat-8H€ and
Properties Exanple 1 2 3 4
gg”pos' ti OnT%h‘?P I%ﬁf)@é‘ﬁgdro%el Fot%ﬁxla%ons ang Prgb%rtﬁs 27-32 22-32 MVBM
33 __:ﬁxm&eom r Q4 3 O 44 0.4 0.4 % of
Di | uent Corgposition %
24. 2[ err] 0] ZrepYgeramer | ;”2 22. 43§r5o 2 4? 2 |+ 62$ Nbdul us (psi) 205 + 12
178 + 11 | 138¥ 4 | “4bo [+ 3236 Ef ondfati gn 33 +37 156 + 39 168
+ 48 200 + (barogrs) 04 142.3;, 0f_,44 0 145. 1 109. 3
Exanpl e % of Dili2nt 9 6 7 s 7 8 Conposition Prep
Macr oner 37.1 32.5 26. 8 21.7 MBM 27.9
32.5 38WZ (%) 2424323 DA O3 | 224+02 | BF5+03 35 35
35 Darocur | Modulus(psip, |[4205+12 | 1780+ Y 136+4 10.189+3 0.4 %of Diluent
10 %Elongation | 133537 | 156+39 {{18+48 | 200+58
Dk (barrers) 142.3 144.9 145.1 109.3
Example 5 6 7 8
Composition
Prep Macromer 37.1 325 26.8 217
MBM 27.9 32.5 38.2 43.3
DMA 35 35 35 35
Darocur 0.4 0.4 0.4 0.4
% of Diluent 10 7 5 1
EWC(%) 26.1+03 | 258+0.3 | 258+0.3 | 258 +0.1
Modulus (psi) 179 +5 215+7 132+6 101 + 4
%Elongation | 151+42 | 106+30 | 195+65 | 179+47
Dk (barrers) - 118.8 129.6 116.5 107.9
Exampie 9 10 11 12
Composition
Prep Macromer 354 . 31 255 20.7
MBM 26.6 31 36.5 41.3
DMA 38 38 38 38
Darocur 0.4 0.4 0.4 04
% of Diluent 12 7 7 5
EWC(%) 29.4+0.3 | 300+03 | 266+02 | 267+03
Modulus (psi) | 215+7 175+ 7 132 + 51 106 + 4
% Elongation 99 + 22 132 + 40 166 + 51 204 + 55.
Dk (barrers) 106.6 115.7 104.9 100.3
Example 13 14 15 16
Composition
Prep Macromer 342 30 247 20
MBM 258 30 353 40
DMA 40 40 40 40
Darocur 04 0.4 0.4 0.4
% of Diluent 12 i1 8 9
EWC(%) 32.1+01 | 312+02 | 31.6+03 | 31.7+02
Modulus (psi) | 218+ 11 | 170+6 131+4 95+3
%Elongation | 110+34 | 130+351 | 185+53 | 203+47
Dk (barrers) 112.4 104.6 90.8 92.3
* % of the total reaction mixture of reactive components, and diluent.
13
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EVC( %) 26.1+ 0.3 25.8 + 0.3 25.8 + 0.3 25.8 + 0.1 Mdulus (psi)
179 + 5 215 + 7 132 + 6 101 + 4 % El ongati on 151 + 42 106
+ 30 195 + 65 179 + 47 Dk (barrers) 118.8 Y- 96 116.5
107.9 Exanpl e 10 11 12 Conposition

Prep hicro LE BP5- g 31 25.5 20.7 MBM
EXAMPLE 1 * 36 5 41.3 DMVA 38 38

38 38 DArssusf a co-blsmeth@crﬂloxypropyl cﬂydﬂmethylsﬂoxaneOwﬁh an averageO 4 % of
Di | uent 4+ 0.3

30.0 + 0.3 mz‘ém’émw%g*ﬁ sz58°9/ glmah was WBBBIPE%W(%#)S% 53/56% PMA amiﬂo’ + 7
132+ 51 DAQ@CUKHP@EAI,%Q@EA @fh 3-megl%r% 3. p%gtanol]t_%ggg 3 o so%%@@onfméég 204

+ 55 Dk barrersz1 3 Exanpl e

13 22 weight % dlluerm5 Lenses were madg foltnwiessihe ipooeedure pf RKAMIYEr 1. The 34,2
30 . 25.8 30 35.3

20 DVA l%és &'opert}fg are sh%gmx LE 2. 40 40 Dar ocur

0.4 0.4 0.4 0.4 %of Diluent 12 11

8 9 32.1+ 0.1 31.2 +0.2 31.6 + 0.3 31.7 + 0.2
Modul us (ps 18, 17 170 + 6 131 + 4 95 + 3 % El ongati on
110 + 34 1308L"en5b% werelﬁﬁdé" @x%)g the 26k3cettire [Kd (BAKLL Sikure deskdiBed? in

104. 6 of the total reaction mxture of reactive
Corrponem s, EXAYILE L3rhut Wlth methacryloxypropylpentamethyl disiloxane (MPD) in place of

MBM. The lens properties are shown in TABLE 2.

COMPARATIVE EXAMPLE 1
A reaction mixture was made using the formulation of EXAMPLE 17, but with
15 TRIS in place of MBM, and with 20% diluent. Lenses were made following the
procedure of EXAMPLE 1. The lens properties, shown in TABLE 2, show that the use
of MBM (EXAMPLE 17) or methacryloxypropylpentamethyl disiloxane (MPD)
(EXAMPLE 18) gave lower moduli when used in place of TRIS.

TABLE 2 — Compositions and Properties of Silicone Hydrogel Polymers

Example 17 Comp. Ex. 1 Example 18
PDMS* 21.5 21.5 21.5
TRIS 42.5
MBM 42.5
MPD 42.5
DMA 35 35 35
Monomer/Diluent 78/22 80/20 78/22
Modulus 652 psi 8743 psi 5542 psi
Elongation at break 278+60% 307+88% 263+81%
Dk 110 barrers 147 barrers 75.6 barrers
EWC 28.240.3% 28.940.3% 31.040.3%

20  PDMS* = o,w-bismethacryloxypropyl polydimethylsiloxane, ave. MW of 5000 g/mol

14

This Sheet Has Been R

T



.14 EXAMPLE 17 21.5% of [err]-bisnethacryl oxypropyl polydinethylsiloxane
with an average nol ecul ar wei ght of 5000 g/ nol was conbined with 42. 5% MBM
35% DMA and 1% DAROCUR 1173 and diluted with 3-methyl - 3- peiitif36 t o gi ve a
cl ear solution containing 5 22 weight %diluent. Lenses were nade

foll ow ngé@@@g@g@ure of EXAVPLE 1. The |l ens properties are shown in
TABLE 2. Lenses were nade using the procedure and reaction

m xture descri bedovn of Oc,n-fiskidiciziokypropylt poivdilethylsiloxane with an average
met hacr yl oxypr o?ﬁ/l pent anet Bﬁy_l di si oxane (MPD) in place of MBM The |ens
proper ti es Beleculsh svgsht (pf PRED /ol wesvepmbingd /mit |ponp-pethaSEUQAYBIRPYH Xt ur e

was rmade USkmfnaddrins g}ﬂi,%trh&{}reqt Aﬁ?&%ﬂﬁo%@m?ﬁ‘?\qn{m aP1% DARGCUR Pl ace

of MBM and with 20% diluent. Lenses were nmade follow ng the procedure of
EXAVPLESL. ItA% abdedilitedrvaihed-mitbyl-3-pentannl torgiveARIdar Solutidnosentalnang Heweigls of MBM

( EXAMPLE 17, t ryl oxynrop, ent t hyl . di si.! D VPLE 18)
gave | ower %?D‘gféfrﬁgmg%%esugg% r|Ran eptﬁgg‘@n%ggeﬁﬁ .edufilgtég%%go?ih% ﬁ%%ﬁ‘s and
Properti es pbpeRidsiamahewtindrARIeH 3.Pol ynmers Exanpl e 17 Conp. Ex 1

Exanpl e 18 PDVS* 21.5 21.5 21.5 TRI'S
42.5 MBM 42.5 \MPD

42.5 DVA g LE 20 35 35 35

Mononer/ Di | 'uent 78/ 22 80/ 20 78/ 22 Modul us

652 psi10 87299% of o,o-Bsnetwiyldyprogyt ipolydiatethylsidonane witBG@Y@verage 30788%
26381% Dk molecular weight of 50001 lg(?mglarvxrraesr Scombir]iéh7 \Qf?hr t%’"/% (3-mZt%ac§ylg%r-£-er S
hydroxypropyloxy)propylbis(trimethylsiloxy)methylsilane (T2), 35% DMA and 1%
DAROCUR 1173 and diluted with 3-methyl-3-pentanol to give a clear solution containing

37.6 weight % diluent. Lenses were made following the procedure of EXAMPLE 1. The
15 lens propertiés are shown in TABLE 3.

TABLE 3 - Compositions and Propeties of Silicone Hydrogel Polymers

Example 19 | Example 20
PDMS 29.0 29.0
T1 35.0
T2 35.0
DMA 35.0 35.0
DARQOCUR 1173 1.0 1.0
%/Diluent 23.0 37.6
Modulus 193+15 psi 17511 psi
Elongation at break 87.9+42% 108+54%
Dk 171 barrers 94 barrers .
EWC 31.1£0.2% 33.440.2%

The Examples show that the contact lenses made using the silicone-containing

20  monomers of Structure I provide contact lenses which are clear and have a lower modulus

15

This Sheet Has Been Replac

T



EWC 28. 20. 3% 28.90. 3% 31.00. 3% 20 PDVB* =
[err]-bi smet hacryloxypropyl polydinethylsiloxane, ave. EE 33%? g/ mol

15 EXAMPLE 19 29. 0% of [err]-bismethacryl oxypropyl polydi | oxane

Wi th an average nol ecul ar wei ght of 5000 g/nmol was conbined with 35%

moNo- met hagfah (R Ydi P ehses Btk Qc%ﬁﬂn RPMR €driparative la&misxes LA 1&N\4md&99:st 0
1000), 35% DVA and 1% DARCCUR 5 f173 and diluted wth 3-nethyl-3-pentanol
to give a dclesizgabletsl provideicantast lgnses WQICQQre@Omém‘ghb W%ﬂdwlouem Lenses were made
followi ng the p e f Th in
TABLE 3. EXANPLE“%O“?LJ@OI? h“gwgg é\%‘i ot [rgrar %&‘k’g%? 3 °‘ﬁp‘?%{% |

pol ydi met hyhosseterx adiitionhalt Embadingener whieh arE @ithih ahe wpg hdf thé cﬁﬁﬁh()wgﬁldthle was
conbi ned with 35@6%3 net 5&¥§§¥_2_

hydr oxypr ofFPBEH DR BEFP LI i ths #bxy) met hyl si | ane (T2), 35% DVA and
1% DAROCUR 1173 and diluted with 3-nethyl-3-pentanol to give a clear
solution containing 37.6 weight %diluent. Lenses were nade follow ng the
procedure of EXAMPLE 1. The 15 | ens properties are shown in TABLE 3.
TABLE 3 - Conpositions and Propeties of Silicone Hydrogel Polyners Exanple

19 Exanple 20 PDMVS 29.0 29.0 T1
35.0 T2 35.0 DVA 35.0
35. 0 DAROCUR 1173 1.0 1.0 % Di | uent 23.0
37.6 Modul us 19315 psi 17511 psi
16
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EIonga 87.942% 10854% Dk 171 barrers
94 bar lmm Iﬁ ””", 31.1 0. 2% 33. 4+0. 2% The Exanpl es show
at the centacts | enseS made using the silicone- contalnlngVﬂN 3%vononers of

Structure | provi de contact | enses which are clear and have a | ower nodul us
16 than theypiipigact | enses made according to the Conparative Exanples. A
| ow nodulus is desireable to provide contact | enses which are confortable
when worn. This invention has been described with reference to parti cul ar

enbodi nents; ho onal enbodi are W thin the .scope of
the cl atms doul drste R I Wpefie s RiEmoE] sRIC ' g iR ar .
Ve clai m 1mixture cédmpradirig a:snrcbﬁe;&ont £iiiS MEHGMer Bhvigy the Stnlchgone- hydrogel nade by

curing a reaction 5 m xture conprising a silicone-containing nonomer
having the structure: [err]y 10 wherein R[er( a)ls Hor CH3, gis 1 and 2 and
for each q, Rerr], frr and err are ? epen Ily et hyl, methyl,
benzyl, phenyl or a no aI e Bl Bg“)from 1 to 100 15

repeating Si-O units, p Is lto 10 r (3 q) Xis 0 or NR[err] wher e
Rierr] is HStmctarerfonoval ent  al kyl group with 1 to 4 carbons, ais 0 of 1,
and L is a divalent linking group a hydrophilic nononer and a

hydr oxyal kyl am ne - functional silicone - containing nononer. 20 2. The

sof t cont actvheRMR'GE HArdUHY) 4 is\h&22dnd f60éadh §) RI, ROMARE ROAYe depehderMyRAWET | S
methyl, benzyl, phenyl or a monovalent siloxane chain comprising from 1 to 100 repeating
10 Si-O units, pis 1 to 10, r = (3-q), X is O or NR®, where R’ is H or a monovalent alkyl
group with 1 to 4 carbons, ais 0 or 1, and L is a divalent linking group.

2. The soft contact lens of claim 1 wherein said silicone-containing monomer is
selected from the group consisting of methacryloxypropylbis(trimethylsiloxy)methylsilane,
15 methacryloxypropylpentamethyldisiloxane, (3-methacryloxy-2-hydroxypropyloxy)
pfopylbis(trimethy]siloxy)methylsilane, and mono-methacryloxypropyl  terminated

%i i-O)b—‘Ti\/\/

polydimethylsiloxanes such as Structure II:

Structure I
20  whereb=0to 100.

3. The soft contact lens of claim 1 wherein said silicone-containing monomer is

methacryloxypropylbis(trimethylsiloxy)methylsilane.

25 4 The soft contact lens of claim 1 wherein said reaction mixture further comprises a

hydrophilic monomer.

17
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'Srlrg!t ﬁgéﬂﬂlmmmﬂﬁﬂlﬁiﬂwr ??rgtSIh)S/It isinlgo>c<){/) net hyl si |l ane, 25
a

met hacr yl okypr ogyl genf anet hyl di si | oxane, VTN-0396
( 3- net hacr yl oxy- 2- hydroxypropyloxy) propyl bi s

bol yai ot hytsi | oYAaRs Vit RS of it P B B gl ) o

The soft coftieagdupl @nsistg cﬁ‘ll‘a,Nl’-ﬁiméthWRWnﬂdé;‘ aj-i@'dﬁd)dyttﬁylﬁﬁetmﬂﬂm rdlytgrolonomer
S nethacryIOXéﬁﬂopylbls trlﬁqthyIS|on met hyl si | ane. A soft

contact | en@elates2hydipxyst c@ﬁ@achMFO%V’“ﬂ%O‘W“%uP‘i"Wﬁhyée“P%‘é‘i%| on
m xture conﬁbh&ﬁmc%lasé l,ﬂegﬁa%cracmaqb fiQgkiyronomer  havi ng the structure:
[err] where b=7 to 11. 10 5. The soft contact |lens of claim4 further
conprisihg a hydrophlllc nnnoner 6. The soft contact |l ens of claim1l
or claim5 ph | NQEY. e grou
consi st i ng Of eft%_ §§ grttﬁéf?ernggp élcnjncl W, ereuésaﬁd Ef%ctlon r{nﬁﬁx 1%%1? h gglpgfes f'xp 9 P
gyl cerol nehdthmnyllsﬂte;e-@nhyﬂrgommbyl met hacryl am de, N-vinyl pyrrol i done,
polyethyleneglycol nononet hacryl ate, nethacrylic acid and acrylic acid. 20

The soft contact lens of claim1 or claim4 wherein said reaction
m xture furyher pRRYA 6@a@ Khi BLRaim 20 wheréh said ad-ﬁlﬂfaonﬁogxﬁccﬁ%&ﬁﬁhnéens of
claiml or claim4 wherein said diluent is a tertiary alcohol. 9. The
sof t cohf acmonemes i hydraxyaikylarepe-Bingtionalsilighes-edntainipgmewnmsrned tot al of said
sil i cone-contai ni ng nononer of and said additional silicone-containing
nmononer in said 3 0

8. The soft contact lens of claim 4 wherein said reaction mixture further comprises an

additional silicone-containing monomer.

16 9 The soft contact lens of claim 8 wherein said additional silicone-containing

monomer is a hydroxyalkylamine-functional silicone-containing monomer.

10.  The soft contact lens of claim 1 wherein said reaction mixture further comprises a
diluent.

20

11.  The soft contact lens of claim 10 wherein said diluent is a tertiary alcohol.

12.  The soft contact lens of claim 8 wherein the combined total of said silicone-
containing monomer of Structure I, and said additional silicone-containing monomer in
25  said reaction mixture is from 5 to 100 weight percent of the reactive components in said
reaction mixture, and said hydrophilic monomer is present from 5 to 80 weight percent of

the reactive components in said reaction mixture.

13. The soft contact lens of claim 8 wherein the combined total of said silicone-containing

30 monomer of Structure I, and said additional silicone-containing monomer are present in
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reacti is fromabout 5 to 100 wei ght percent of the reactive
conpon mml E !) ﬂﬂtl on m xture, and said hydrophilic nononer is
present 80 wei ght 35 percent of the rea¥™N8%onponents

in said reaction mxture 19. 10. The soft contact lens of claim1l or
claim5b V\/nerag:d n the

al icone-containin nomer
of and sai d>addi aftlmélnnqm% I‘n;ocoﬁgtoc g}gﬁ{ ﬂ?j'cel‘f@ﬁg%rrefcﬁw 5?'8"%’8&5 "}g%aérzgtl on
m xture is feactvnahi@tire, hﬂdtsadﬁﬂdﬂaﬁlumdﬁmoﬁ@ﬁ&embre@énttfﬂm iwaclld wescoriphnent s in
said reaction m Xéﬁﬂ‘é and sai d hydrophiljc nononer is present from about

10 to 50 wePgFent BEPE KREVSCOPRRNENISAR $AIQ FEaORPWABIG s i n sai d reacti on

m xture. 10 11. The soft contacts lens of claim1 or claim5 wherein
said reaction m xture conprises

met hacr y® oxypr ogpe biof( centanst leyd of | daim) drewherbigi $aith agachpn Iixturee compprises

acryl am de, of r te. and

5000 MN [ er }n?ﬂ% r&l@ﬁxpl’%palbl 6&?&&&'&%%@%& (i 0NX gn%lﬁ\ 91}]/1 a&?lta%g )AL@ tfte
reaction product of glycidyl methacrylate and 5000 MW o ,®-bisaminopropyl
polydimethylsiloxane.
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