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“Field of the Invention This invention relates to polyners that
are formed by curing a reaction mxture that 5 conpri ses VTN-0389 —
si |l i cone-cont ai ni ng nononers, which are hydrated to formsilicone
hydr ogel s. Further, this invention relates to the use of these

silicone hydrogels to form 10 Rﬁi}'l SEL P LYMEﬁgkground of the
I nvention A hyo‘ﬁagegﬁ%!ﬁeg—mwl I nked pol yneric

systemthat contains water in an 10 equilibriumstate. Hydrogels typically

are oxygen_perneabl e and bi oconpati bl e, nmaki ng them a preferred
materi al fBieldofdle kaventiosi onedi cal devices and in particular contact or

i ntraocul ar |le S, . nventional. hydrogel.s are prepared . from
onoasr 1 c i xt of B8 yensing relasgs tp poBMERs batRE formedlof $itide AreRO T BRATE A4 0, o1
as, 2- hydr gonysisty kiliemfet@ﬁfa\mig%mo%m&sy Whidh ake hyintedabl fda &ilicbheShydiag &t s
4,495, 313; 4,889,664 and 5, 039, 459 discl ose the fornmation of

convent i onkurthey,chisdgaMestiorOejajestophe neeaifithése piliopne hydmgelsanernm camadt ldmges ogel

mat eri al s relates to the water content of the materials, and is
typically bel ow 20-30 barrers. For contact | enses made of the

convent i ong&c!%ygjngqﬁlthmgg,{tfoﬂl s, that level of oxygen pernmeability is
suitable for short-termwear of the contact | enses, however, that |evel of

20 oxygen per nAdiydtagel isrmiydosted reastdinkedepdlymericraystenatinat @ofitainb tWwagerdaranea
during_ |l ong-term ar of contact |enses (e.g,, 30 days wthout .
removal9 . bt %t?tee},ﬁ)ff{f?&e‘ﬁé)(?écaﬁlééﬁ freggen permeableqandabipearmratipls, Gekifgde t o
I ncrease t 0, | & . 4 : : One
novn vy 1T S EREEPRARAN tof pfolefMKAPAEA Wivicdl A BF barcytar conpet or

si | i cone- citrae¢utariignsepononers to the hydrogel fornul ations, thereby naking

silicone 25 hydrogels. Silicone-containing polyners generally have hjgher
oxygen per neabi peyeational dydrogels argnprepared fom Hpenasepsics mixtwies  predpmingibogel s

h b red, b ' ' | D | .
neve becn BLSARRECH oL Mot B o SRR PSR i

Ei t her 14 hep@tdlidens e IS Paaéné 149PBNINEBID664 Bfd B3 aphidisciosdEHeOfdRhatiBhYof
function as a crosslinking agent (a crosslinking agent is a nononer having

nul ti pl e 3conveutignabhydropele Ouyrsni peraieabilitysyf these corysationad hydeogel makdrialy
agent may Pe(?ateesrTR)I %e\gater-r Qoentent 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 curing 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- formati on 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/ 31792.
“Silicone-containing nononers are frequently insol uble wi th hydrophilic

ROl o o8t SR(AEIDARDeISIAEBeel YRLEA % USTATNR 1958 SRANOTS P4l

are solubilized by a organi c uent's n-hexanol’
n- nonanol , 5,0y9B % BMIB,I@Sé 5260&109; i3/E36y797ar 8588985380632, 6,45016317, \wad ght
of the reactlon m Xt é? anount of the di luent nmakes it

h

difficult $83%87%Y ‘FﬁeWQ |9ﬁ@dﬁ y%hqsxgéwoe@mrwctnon@ws@sarp dipquentlyi issgluble

b |
of i 1 went “ith A5G mnchomt i M hiSletersiost BN wfieplhRESphiofh mBh e Ch o
| ar ge agoudte selubillizéd SN4ddimbthd 6rghbic dﬂaeﬁts neheR@oRthandl) @r afﬁoﬂandl Q@p‘éanyqn

polymeric materials with reduced toughness. The use of | ar ge "anount
of di | uentreatiyelyilarge ampents pf the@@ghwcxghmfth@rqactmmmpr@wmlarg¢ anduat githesi zed

i ror GRS Makel & G B SR er FORBE DX des® R R o AP

prior art be&a@héqal@érgé ¥imount oﬁ%&aﬂdenzeifwwﬂé)llemsto% 1&gt 1anRA: CPRA0ES and
macroners and hydrophilic nonomners, 15 espécially bleRds wth relatively

hi gh | evel svapbrahygl g {hie proveso nﬁxrﬁler 'Ifhease d&fl saphil 8 laagelamount of ddusrit | mag be
pol ymer s ar

d ful f
D01 LnplS o e e o) GRB RIS 6 DRSS ot With FEBIS! ORLRRSE The e or a.
been di scl gagthmdnt Be dﬂﬁén?ha?raiso kit ﬂ&ée?ﬁﬂt {So nBf ?‘??oﬁgﬁﬁ%? Oagg(%rr@z ed.

di scl osures. proach to formng si

avoi ds t hemalfidite mtompeﬁsatﬁ gbr ﬂﬂ: shxmkrags cafisedi byaht semevali of Ithhes aliluem afids.
Patents 5,321, 108, . 87,662 and ? 5&8 8&?5’6‘ These patents describe the
use of pol V‘F‘S%?H@E More mportantly, b ugdafn the RYIOfeary ippfisquately

havi ng a hyguagem !pgpgﬁét Rﬁ)thi § bon
atom Wi Ige/cgu ﬁﬁ oesafér}pﬁgg%/gldzlgﬁn%gs%aljlnl ?9%%’%?‘{"& tarn ntgongﬂ)nat I’'ons
of sil lssonaspamdllthdndxphuh irelatively high heweBrdf, hydfophiliguhomanersi| (Thedeeblehdspand

synthesis of conplex silicone macroners. 25 Silicone macroners
made fr om resulipg BPlyMETSHAre opraygaRE B0t wsehl Fyficop@ceyses| |

pol ysi | oxanedi o dro e

bl endi ng t hese bﬂ?e?dm%m?%rr{eor ?sé&\ﬁn&? % ng’&)hm%%%“g&%%%ﬁgrsg%g}f{%% SC %sléa n

ACS PMVBE Phepeistiosed inltB® prior/dit. Such att%ﬂmpts include the following disclosures.
- 3- Silicone functionalized nmal onate macroners, and h%/drogel

copol ymers of t faegmpeoach to farming dilisenerpydregs)s ariidieayaitamyheasdditings of highd i n
ACS PM?(F Pfe%%l%%gg &h&sllgg g{:loEﬁGdl m:igs Patents-ghﬁlal%g 51395' 685 hda ) %99 IOlgva These

required to
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.

25 Silicone macromers made from isophorone diisocyanate, diethylene glycol,
polysiloxanediol and 2-hydroxyethyl methacrylate, and polymers made blending these
macromers with hydrophilic monomers are disclosed in ACS PMSE Proceeding, 1997, 76,
34.
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. Fumar at e- capped silicone macronmers, and copolyners of the same with 5
nmet hacryl oxypropyl tris(trinethylsiloxy)silane (TRIS) and DVA were

described in ACS PMSE Proceedi ng, 1997, 76, 40. Large anmounts of
hexanol were added to the nononer bl ends Hydr oxyal kyl

nmet hacryl ate te nat ed sil mer s the sane wt TRI S
and DVA were deéinf?rbee n tﬁm @%ﬂ%@ gr Fpgandlg@foge%opgﬁnerw?ﬁpem one
10 hydr oxwuhgmﬁemyla& WW)%dés&nbeﬁl m&cgqimsﬁ Imcesaiﬁg 9" 9gE36¢ had
sufficient corrpa th pol ar nononers ke DVA, ~and fhe use of

rel ati vel yThé gdditi@vef hsexmiol was requlrbdlmnm)mmcbqinpambét)y be required.
2-1socyanat o et net hacr | EM end-ca | uconoa e term nated
silicone macr ong%ga Talg epPp of‘@“r?é‘g “% TQMES.s \‘RP qlyniess S0 na‘eDWWeP” h
described LRinhani 1 AZMAT

approach requir s°"?ﬁ§pg¥£§85 |%’&Eﬁ6ms‘a\gﬂ‘§?@ﬁ@§“ ntd XMA Wefe GBS in° %S
96/ 31792 dBMSE Preceaiinge 1897, 56| 4€ orlargeamaumes of hexaebl ward axdded 30 thecraosomer
hydr ogel s made from bl ends of these macroners with hydrophilic

monorer s sPBAdsas DVA and HEMA and ot her nonomers such as TRI'S. Varying

therain, o BBy hB G e R iloBacy SnT BORRRES By TR R R 0

copol yrmer s TRAS anhDMAivwdre dakribed in ACS PMSE PhRgtesding Moo, W(34V6Witﬁ'¢ﬁly one
hydr ophi | i ¢ nmononers Silicone macr oner s made from
pol yal kY1 eh}éiroxylggr;wem att ggohi peamiws it is ybikelyi thet wyehs imassemess hadasufBeienti t h

U s °Pht onpopAtbiied st o8 Blobne!SCHIEBONATAR), ot o fean B0 BT RIS

nononer s s dikenBsSwhid iRy BY réRlireglone (N\/P) A preparation of a
copol ymer of bis-methacryl oxybutyl B&Ct)l ydi met hyl si | oxane and NVP
Wi t hout the use2dfocyanstp uethyl methagd ¢|(@5M)| endrappedagleganoamids 3 tesminatedut

f Ihgcfetsnf:t Flhgoﬁﬁﬁéﬁgﬁggn\’d\gﬁhhg}e S op thels3m H;E'i" ﬁ}g J BVA Sver& Qestribed in oW
-4- 15 ACS PMSELPréceéaﬁ{ge '119974,78 5% 3 4%9@%%&19%9;;&5@1 REGRATAL LY LOEM,

pol ymers of polysiloxanes W th hydrophi I'i ¢ si dechai’'ns and term nal
pol yner i zamheehgs txps. The nmcroners descri bed therein typically

o Ben” ELEZF&@% 1752 GedbhbsscsersrpLylicons meromess. Biyhvarigus Sicone hydgpeel
Pat ent Qd R blenqgﬁyg rti['l)%sTachBgﬂl W, }ﬁdmtpﬁ;el:lca @rﬁrﬂéré”.‘»o‘?‘] ky g)MA and

pol ydi et hy SI I oxanes a ormed wt out dition ' uent, but
t he paIBMAnsidhythei nonamers soctoae TRISLS Sdaryiag aumuyts| afiwanolie dilients wereght s,

and t h%o ' e?xlsjeldt 1In rtllge monomer%rl]gn%g d\é\ﬁ:;lgeJ] ’31erem
U.S. Patent 3,808,178 discloses the formation of copolymers of small silicone-
containing monomers and various hydrophilic monomers.
Silicone macromers made from polyalkylene glycol-terminated
polydimethylsiloxanes reacted with diisocyanates and 2-hydroxyethyl methacrylate
25 (HEMA) were described in U.S. Patent 4,136,250, as well as copolymers made with
hydrophilic monomers such as N-vinylpyrrolidone (NVP).
A preparation of a copolymer of bis-methacryloxybutyl polydimethylsiloxane and
NVP without the use of a diluent was described in U.S. Patent 4,153,641, but since the
molecular weight of the polydimethylsiloxane was very low the resulting polymer was

30  hard.
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U S. Patent 4,703,097 describes copolyners of hydrophilic

N-vi nyl car boxam des, 10 nmet hyl nmet hacryl ate and pol ysi | oxane

nmet hacryl at es. U S. Patents 5,010,141 and 5, 079, 319 descri be
the formation of silicone hydrogel prepol yners by curing hydrophilic
nononers such a or L t.h | ysi | oxanes and then.by further
Todi 11 cat on t o TR A 830 ] (e D e RERER B Rlipolyriinal PoMItanet Wi, o
Patents 5, fyftophifc didctaidl7shdl {@miRP poiyRfrizitle fpPbupR! | The GhadPOh¥idBdeicditeam 15
bl ock copol yners of polyethyl ene glycol or polypropylene glycol and

pol ysi | oxathesein typically require mutiSep Patthsticprégessed, 779, 5, 358, 995, 5, 387, 632 and
5, 486, 579 descr| he aration of silicong hydrogel co t | enses
f rom copol yrer sbbo§ %‘Eﬁ%éﬂogvﬁég&m €S GAPA H?F%oéﬂ?%’%@}/‘glﬁ‘?ﬂq‘lap‘is Wamér s.

U S. Pajents 5, 824, 10Byem 384 68P278Nd fsGibds 01 fleioe e jjon of
20 contact |enses fro?r%ecopol’yrre’rs of cgﬁuor%si ?ﬁogglze-%csont g?ni ﬁg&%kgggrs
and hydr oppolydimethylsiloxames rand SDMA foaaedDMAthout the additionDefSai tidueat,| buthehe
attenpts in the prior art, there still remains a need for silicone _.

hydr ogel s RAydmetpdsilognemenpmess Bsednad Yery iy analpyas yeights, andiing fesultingi r e
low | evel s|ffes were nfligl Uent in the reaction mxture, and which can be used
to make so}t contact Tenses with 25 high oxygen perneability and suitable

wat er content. U.S. PatersW)708;0970destritees Icopelpineinof hydrophilic N-vinkidasboxamidesi on
provi des a pol erer prepared by curing a reaction m xture conprising a
| i near 1&r Biethyt methaprylatosndnatysilexana aethasetatenal si | i cone- cont ai ni ng

Tononer e Y8 @Ry S BTbIA] S irah ke NERERNS i kR ISR

preferably is a oCK om nono
structure: Fregolyhﬁi‘sf by curing hydrophilic monomers such as DMA or NVP with polysiloxanes, m

Structure wherei n:
and then by further modification to introduce polymerizable functional groups.
U.S. Patents 5,070,169 and 5,070,170 describe the formation of polymers from
15 block copolymers of polyethylene glycol or polypropylene glycol and polysiloxanes.

US. Patents 5,310,779, 5,358,995, 5,387,632 and 5,486,579 describe the
preparation of silicone hydrogel contact lenses from copolymers of polysiloxane
monomers and hydrophilic monomers.

U.S. Patents 5,321,108, 5,387,662 and 5,539,016 describe the preparation of

20 contact lenses from copolymers of fluorosilicone-containing monomers and hydrophilic
monomers such as DMA

Despite all the attempts in the prior art, there still remains a need for silicone
hydrogels which are cured in an economic and efficient way, which require low levels of

diluent in the reaction mixture, and which can be used to make soft contact lenses with

25  high oxygen permeability and suitable water content.

Summary of the Invention

This invention provides a polymer prepared by curing a reaction mixture

comprising a linear or branched hydroxyalkylamine-functional silicone-containing
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nis O0to 500 and mis 0 to 500 and (n + mM = 10 to 500 and nore preferably
20 to 250; Rlerr], Rerr], Rerr], Rerr] and R erre] are independently
a nonoval ent al kyl, or aryl group, which may be further substituted
“with al cohol, ester, am ne, ketone, carboxylic acid or ether groups

preferabl y SI;I'hE %&q%x%?])gx:ﬂinggﬁ Hﬁilsﬂﬁfmé%yritalg ngliﬁ?(%r Pﬁp greﬂr%l

R err] and" err] ‘are epen nonova r ary group
whi ch may dieckfofiraddim mhsmeﬂhaw@tm delowihg structuidé:cohol , ester, anine,

ket one, carboxylic acid or et her group, preferably unsubstrtut ed

nmonoval ent al kyl or ary ups, br] hpte the\f oRfow ng nitrogen-containi ng
structure: zr E Z 10 [err]
Structure Il 15 with fth provrs t at | dast.one@af Rerr], Rerr], and
Rl err] are accordi nd‘to t¥ictuPe \ifier & ! R[Rgrr] is a dival ent

al kyl group such as -(CH err])[ern]i- ere s i;l?froml to 10, preferably 3
to 6 and nost prefemprdbly 3; SRlerr] d Rlerr] are independently
H, a nonoval ent al kyl ot aryl group which nmay be further substituted
with an al cohol, ester, amine, kettbne, carbox¥ic acid or ether group, or
have 20 tQ@t& UIOW' ng structure:

- 6- ructure |11 where Rlerr] is H or a nonoval ent
pol ynersi zakheeigr oup conpri sing acryl oyl , net hacryl oyl , styryl, vinyl,
allyl or N-vinyl |actam preferably Hor met hacryl oyl ; err] is

ei ther H, misfdAcPAIaEdM r<§|0|<t9|508|ané(ryr n@mlﬁbtwﬁ%ﬂld@a@mw F@P‘D’ﬁé’rtos?éﬁst ituted
with alco s @SLQrR? n y e roups, or
a pol yner r’? a?}l gRgrlguaﬁ con%?lmﬂenla%t?y g(ﬁnco(r;‘%flagai ﬁrr{e?t(ﬁ qﬁr&fpe wm éh m YBQ
vinyl, al Ifitthér substituted withGlcohbl, REef emhbykabkerlcasd&s}ﬁd helf & ether gmuﬁsh an
al cohol or nethacrylate; Rerr], R[err] and Rlerr] are mdeg?ndent%y H a
monoval entpraferaply unsubstitutesr ynonovalenshalkyin obearylugroups; sndsRi, t R endwRf hare
alcoho arbox lic a r eth ro

R0 or 1110 GosPEd iy oy SRR il o grofi e men be BB S Rb AR Al
ring 10  sfiédhel, Usker, wnrda kBRner éafb&@h& ra@rd 8 eilﬂﬁ%ﬁmﬂﬁ%reﬂéfa@fy%@ﬁb%t%d' east
two, of the Structure ‘groups on the nonormer conpri se pol ynerizabl e
groups. R[mondvaleRf dkyl]orargd grRiupsy gr have therfellewiap Initrogen-coptaining structure: The
advant ages of this invention are that the usq of these novel

si |l i cone-cont ai ni ng monomer s i nmproves, ®he conpatibility of the
reaction m xtures of silicone- Eﬂ]&{@l_n_l__ngq/

AN

R]l

Structure 11
15  with the proviso that at least one of R}, R, and R® are according to Structure II, wherein
R’ is a divalent alkyl group such as ((CH,),— where s is from 1 to 10, preferably 3 to 6 and
most preferably 3;
1 and R!! are independently H, a monovalent alkyl or aryl group which may be further

substituted with an alcohol, ester, amine, ketone, carboxylic acid or ether group, or have

R12 R14
o

. C— C—RI®

20  the following structure:
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- 15 mononmers wi th hydrophilic nononers thus allow ng reaction m xtures to

be made with hi gher | evels of hydrophilic nononers, or with
silicone-contai ni ng nononmers wi th higher nol ecul ar wei ghts, or with
reduced dil uent I evel s, (for sone reaction m xtures, no di luent), as
conpar ed tq made with silicone-containing nononers disclosed in the

prior art. n ot er enbodi nents, for exanple in which relatively |arge
nunbers of 20 wikyelrRBhis| He c@rﬂuﬁénovmﬁityé ri2¥le Oprap Keonipising SrPleps
al one or in conbination with ot her rophilic lg‘nroups are 16 1
i ncor por atreethaaayleyk Kemyly dingx gyl o] ETWRY&JWM pr@fqvaabbs pe gethacryloyl, R

||
ydr ophi | B faionokent o 5t 8N moudwhRH REEBE Birthet Sutstfisi Rl eloohelone
hydr 098l S.esten, dnilhé kefineddatBiXylic &&@bﬁ@ﬂh&ﬁgr@ﬁps ora p@lyHéﬁEibl gcgﬁl FgRgi red.

The polyners produced according to thi's invention can be used
t o pr oduc ecrydate amethacrylatd, 6%6!5‘5 le cablylapt IN- yzm}dvlactemh iptferobly gadky! substittd | it y,

good nechanl caI ertl canom cal | d
efficientI¥ %18%}5{? ﬁ% Arg Bn i}fg 'liigﬁ a monovﬂé;gé\ﬂ(y
B;?ggbf?:q[rsﬁw Wwhith Eﬁh’?‘ﬁe fu%Ul' §L@St§h%%ﬁ?§]b&i&l 'e%ﬁér Alnd) K@Tbn XAB Ik ylic ac%d

The t er m "orcetheregroupss ed Riasd R'Y, efr R'S ahd R'Dwvarnbé ondedrtopetheto foompmtingls

(1. i cally having nunber average pol ecul ar weig ‘ts | ess than 700)

that c¥n tﬁé'“ﬁg‘lr‘;fr%‘rﬂi‘ $hegproviso thaf 7 least ﬁﬁ@.ﬂtﬁﬁefablyhttglﬁa%weca He Steice 11
conpounds r e.
typically %Bvﬁgly{r%p@atl ng st ?Bglgﬁ{e{}%f% ésgré’h’ﬁs a nu e?ﬁ%gg%gggfegeraﬂl&

nol ecul ar Kei ghts greater than 700) cont ai ni ng functional groups capabl e of
further palynmeri zati on. it is understood that the terns

"silicone-cont alf Wd%&‘iﬁrﬁfr‘@s “&’ﬁﬂ“on are that yh wisiafithese apyRd slicene-containiae
onoEr S, FRGLAPAARRL,S: 30! BECRALMEELE the reacibT SRUNIPLE RESnERTAARL Y

pol ymeri zed nononer re cap

pol ymersi zahbsdinerd Wvith hydropmlnobmoﬂ@hmmszawxﬂ V\% F€2dfion hfixtBreg ab benmady Wih
doubl e bond group whi ch can pol yneri ze en subjected to radical

pol yner i zahighsh lwﬂsmfehyﬂmhﬁ'@ﬁmmnmﬁ% or mmmh@@e@pmalmng Ip@'llqim!ﬁ i“ﬂ@thl&hegr oups

i ncI ude acry | at.e, net hacr e in or_N-vin | act am
A1t oonBeleBE MRERGE mabr redied Wioent BVl (ot Yom reflsiohr oy R &5 o
repeating dilvehts, ds'comn endi%%d@fmth SlicdeQRataWIRY mofbRés (ddRloked it Ot al
Si and 15 attached are present in the silicone-containing nononer in an
amount gr epricgr arthaln 2ther embogdeneyits, foerexemple mnwhiehr @lqmvelyelatgsl yurgb@atqfr

a

t5|h ﬁn cgﬁ’e% eac%t%ﬁgquﬁlt}lglggth%’dmxygﬁyﬁwq? BiouPY, F@“@r&eﬁ‘ A mbinion with

hydr oxyal kythanyags o breSintdrpSReesdCiRY the RN %m%ﬁ‘ih ~functiofdl Giliceheld t O
Structure I, R[ygr rﬁh&ll&% e?ésa err?] Rl err] anx gr encl lgdependent |y

sel ect ed fcmmtalmng mpinpm2g, it bmyzaptuallp be n;tmecassdryetbhydludermlmirpplalicemambmemt hyl ;
R and R[err] are b

St oot ur e P mRReRRIends isef ST 7 ofters Hytroacls it mBigiest il pp

diluent would be required.

25 The polymers produced according to this invention can be used to produce contact
lenses which will provide high oxygen permeability, good mechanical properties, and can
be produced economically and efficiently. The polymer of this invention can be used to

make biomedical devices that require biocompatibility and high oxygen permeability.

30 DETAILED DESCRIPTION OF THE INVENTION
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-nmore preferably nmethyl. The preferred hydroxyal kyl am ne-functi onal

silicone-contai ni ng nmononmer of this invention generally has between 2
“to 20 nitrogen groups per nolecule on average, and 2 to 5
pol ynmeri zabl e groups per nol ecul e on average. 25 The preferred

hydroxyal kyl amppgtéri Ghofinidr" Bidd! HePaf rdOR 8 1EW HbICR? Wlight %Mﬁ,ounds akhe

follow ng structure:

[err] typlically hammg hwunber avemge/\tmpbbutahwexghissmss thmrﬂOQ) ﬁraewmsbeqnﬂynmﬁeé,bove
with the sape ferred r oups exce t hat rr] is defined as an

al kyl groﬁﬁdéﬁ E%WMTHCBWME &SE"PPMIQT;PO . isomeHmen @l to 5

t r
SRV e BBl (s 0 ] w1
Usef ul 5 hy drodecybik k»yéxglms nggredtemn clianoNa0) eodtanmﬁgeﬁmanmau gtouds raapsbieres funthéude

t he fol | ow ng structures: [err] 10 Structure V, or
t he hydr o?9b{m@§ﬂmﬂnnétma,ri&tsu@ﬁmstogﬁlth@dh%t%h 'siliganArgont@migamoRgmeTsy angk ur e V

D eat orRydSRE MmHGRES® TRIIR hofhaS! VARG LARRbRed” MR SRR’ 2 ©)
Prepolymers are partially polymerized monomers or monomers which are capable of
further polymerization.

10 A “polymerizable group” is a carbon-carbon double bond group which can
polymerize when subjected to radical polymerization initiation conditions. Examples of
polymerizable groups include acrylate, methacrylate, styryl, vinyl, allyl or N-vinyl lactam.

A “silicone-containing monomer” is one that contains at least two [-Si-O-]
repeating units in a monomer, macromer or prepolymer. Preferably, the total Si and

15 attached O are present in 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.

In the preferred hydroxyalkylamine-functional silicone-containing monomer
according to Structure I, R, R*, R’ R® and R’ are independently selected from methyl,

20  benzyl, phenyl and ethyl, more preferably methyl; R’ and R® are both nitrogen-containing
groups according to Structure II, and R’ is selected from methyl, ethyl, phenyl and benzyl,
more preferably methyl. The preferred hydroxyalkylamine-functional silicone-containing
monomer of this invention generally has between 2 to 20 nitrogen groups per molecule on
average, and 2 to 5 polymerizable groups per molecule on average.

25 The preferred hydroxyalkylamine-functional silicone-containing monomers have

the following structure:

V2 aced



10

[err]

R 4 6
R< ( | r \ r AR
N R® Si o Si 0 Si Rls——N\
R! 1/ \ ( 1L ‘i R0
Rl7 5 7

Structure IV
in which the substituents are as defined above with the same preferred groups except that
R'” is defined as an alkyl group or aryl group which may additionally comprise an alcohol,
ester, amine, ketone, carboxylic acid or ether group, and R', R" and R® are defined as
R® R and R respectively.

Useful hydroxyalkylamine-functional silicone-containing monomers include the

following structures:

Structure V,
or the hydroxyalkylamine-functional silicone-containing monomer of Structure V

modified to have an average ratio of OH/polymerizable group, (OH/acrylate) of greater
than 1:
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‘Structure VIII, -- [err] - 10

[err] -1

N\f - 0 .. i, | - *,- i \\\ /' \\ . S “ OH
) bu N n. o SHOL 80Tt 5]1 0»—’;70 ﬁl A

I —L  OH
) /\l \.\ -
g . \\ H/‘\
NV “OH
i
//N\‘\
HO— /;\' = OH
~-OH
0
=0
Structure VI,
/ OH ! I H
N/W Sio}— s N\
1 | H y
74
5 _
Structure VII,
H

| | /\/\ /\/) N

Si Si N

| g \/\OH

H
Structure VIII,
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Structure Xl and [err] Structure XIV For structure XIV , the average
nunber of acrylate groups per nolecules is 3. The acryl ate

groups can be located ternmnally or pendantly. The nost preferred
hydr oxyal kyl am ne-functional silicone-containing nononer is accordi ng

to Structure V. The hydroxygj;kyl am ne-functi onal
silicone-containing nononers can be /maﬁ,e/by\ 0 Yreacting an

epoxy-fiunctional conpound havi ol yneri roup with a pol ysil oxane
havi ng am no-functional gr OUWS reactjon is typically conducted with
e

O[err]C. Initiators such as

heating at froh{ bgut 50[\err]IC to pbo
N- benzyl - N, N_Nsifor+-et i ospdl i can be used. The reaction
typically takels fro 2 §o 20]%&5{? poky-ful ncti onal conmpounds t hat
can be used include ci dyl nethacrydate, glycidyl acrylate,

H

H
H
OH

Structure IX,

9 i

wNo Ty N |80+ sto—-8i v W1 w7 o o
| OH A T i i
2 \l : ,." ".. .’,' f | |
2|5\25 OH ,
[
Structure X,
. f»\,) . - - - S : e - ) ; R (T :
.\.{/—// ."\ ‘ 2 ) a \.‘\ ,-'".‘I \\'-. . ': i . 'l;:! | H . \\, /,\'~, 'I /N hY ,I,\‘\ i"\ ’|
l_; 0 I “N “SiL- O-Sl.{:__()-Si____L__ 0-Si- SN N SN AN S
: | | .\ { I‘ + ] I W N ,k \_.’ 5, O \v Vd H
OH A " 1%
5 2 50 S 20 OH .

Structure XI,

A

o 70
H H

N

Structure XII,
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.15 epoxyet hyl styrene, vinyl glycidyl ether and allyl glycidyl ether.

Am no-functi onal pol ysi | oxanes that can be used include those with
am noal kyl groups such as am nopropyl or N-ethyl -3-am nopropyl groups,
and these groups may be located in term nal or pendent positions, or

both. The silicone portion of, the silicone-containing nononers may
conpri se pol ydi net hy] sil oxang¢  (PDM5) as well as sil oxanes with other
nonoval ent Y ups bound to the silicon, such as substituted

or unsubstituted ethyl¥, prdpyl) benzyl and pheny These silicone
¢ .

portions can be branched opHI i neax. e oppound can
be used in a nol a nt AhatN{'s Veda; al thgmam)unt of
N-H groups on tHhe ne~Nundti onal sillji cpne; however, It ie\prgferred to

use a nolar 5 excess of the epoxy-funct® onal conmpounh\TheN\éxcess anount

H

t hat does Sgt geagh ca either be allowed to polynerize into the final
pol yner, o U F ved fromthe hydr oxyal kyl am ne-functi onal

si |l i cone-cont apni ng nonomer prior to curing the reaction m ﬁre. For

exanpl e, glycigyl methacrylate can often be renoved by nulti g; ractions
wi th acetoqitrie. e eacthon af anyqQ-fu i 0 il h

est er - cont ai ' ' gt/§' yl to

hydr oxyal kyl i ch unde pr'c hid ons nmay

transesterify, |eadi m xture of varius OH pol yneri zabl e group

(OH ester) substitutigpg—Ratterns. The avefage nunber of pol ymeri zabl e

groups per nolecule may vany from1l to 20, eferably 2 to 15 and nore
preferably 2 to 6, but i eneral if the ngnber of polynerizabl e groups per
nol ecul ar mass 15 of si | i cone-cont a is too low, a
substantial fraction of the silicone- r will not
polynerize. If, on the other hand, the n polfyneri zabl e groups

is too high the resulting final hydrodd r wll bejjtoo stiff. A
i

preferred range of concentrations of p riZabl e groups woul d be about

0.0002 to about 0.0016 nol es per m A nore preferred range woul d be
0.0004 to aboutuOxPPLl 20 noles per gram Increasing the average nunber of
OH groups per nol ecul e of the hydr oxyal kyl am ne-functi onal

si | i cong- cont ai Fon§troctnenX¥IV whe hveyegeemmibiey of acyatesgrotipseper molecdd Br3. chiret ent
of the silicope hydrogel and i pprove conpatibjlity with hydrophilic
mononer s, Sflatagropramcanhe;losatedigymigallyprpeadantlye oxygen perneability of the

Lt oo SRS i RSl it ot oe
preferred averdiggtonSthaorgér nolecule is from
The hydroxyalkylamine-functional silicone-containing monomers can be made by

10  reacting an epoxy-functional compound having a polymerizable group with a polysiloxane
having amino-functional groups. This reaction is typically conducted with heating at from
about 50°C to about 130°C. Initiators such as N-benzyl-N,N,N-triethyl-ammonium iodide
can be used. The reaction typically takes from 3 to 20 hours. Epoxy-functional
compounds that can be used include glycidyl methacrylate, glycidyl acrylate,

15  epoxyethylstyrene, vinyl glycidyl ether and allyl glycidyl ether. Amino-functional
polysiloxanes that can be used include those with aminoalkyl groups such as aminopropyl
or N-ethyl-3-aminopropyl groups, and these groups may be located in terminal or pendent
positions, or both. The silicone portion of the silicone-containing monomers may

comprise polydimethylsiloxane (PDMS) as well as siloxanes with other monovalent

11
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1 to 40, and nore preferred is from2 to 20. The nononer m X
in the reaction mxture used to nmake the silicone hydrogel may

contain a blend of one or nore hydroxyal kyl am ne-functi onal

si |l i cone-cont ai ni ng nononers.

;adégd- to theuPs bounﬁ tg lrtlcqux@a%ﬁy dgﬁq%eﬁqgﬁﬁ%& Suwﬂ{t%&(;%hyltgmw gﬁf%@nomr

i n the reaghengin Thexé sili@)nu%@ﬁhdn@ can be bxfaﬁéhéufohﬁn@drl The 8poyyvfin@@mhbls of this
i nvention. The hydrophilic nononers can be any of the known nononers

used in t heorpRqua cap be pipdrinkenclar amavnkthayiglesy dhas. or eheal be Hreanolavargount of

hydr ophi | i noner s be ei t.her ai ni n

hydr ophi | |1QI Iq%roupﬁgﬁéﬂeg%gmﬁﬁgpc{nﬂgﬂg@lp%es gehegegxséée%pggg b8’ rﬁ‘@]la‘élgent S.
The tersn " amicess oﬂth{é)époxWﬁmctlonal cohipyling @ﬁ@éﬂ&bﬂ@hmdﬁﬁf‘ﬂﬁ?ﬁ&es mof Rt daf
nononers containing the vinyl grouping (-CH=CH2) and are generally

hi ghl y r eagtheybe all(&{ﬁdﬁowbﬂmm irite thei fmal palpmerioncargbe removedbfromshs are known
to pol yne |veI ea ro hilic vinyl-contain
ooy o AR e HoEiel Yicapercan e mApRE REIoE 00 Pt RIng Feaciion

I nvention hdd \/ I |
pyrroli dongﬂ(i I\Ill\éP;i:)or exam\}fl@ %i !- N-y?rg% ﬂﬁ{}y% é\kna(%:%%ﬁg%rg‘g&@@y(lﬁulﬁp ik té}‘g?&‘s

acet am de, withacetyhitrile. eifhyfeatmmnwfrmdm-ﬁmcdow siliogries with esfemctmtmndg NVP is
preferred. ‘acrylic-containing”, nongners are

those HbnofRewides é‘t‘ﬁhaﬂsrﬁlgf;g\d%’i%‘e{h% ol k?‘?ﬁ to hydraxyalkyl amm‘tﬁ[‘\"!? Whichndsr
wherein R fyﬁlecgﬁ d&?ctgﬂ[&)ﬁal}lg&ﬁﬁg}( %aﬁs%tg le[ﬁhmg?‘pga Hifuf! ciQalfifiin to

pol ymeri ze es o e nononmers useful in this
i nvention Omﬂmlykﬁexﬁstablecgrﬂiqi t(MII/ester) substitmkﬁlrpadEn(sDMﬁ): avetagytlimibey of hy|

nmet hacryl ate (HENA} gl ycerol methacrylate, 2- 20 hydroxyethyl

met hacr y| ab@ly@erizable,arpuRn pexs aplepsls) m%mﬁpmauwzoapee erglally ﬂé@rlyslai“é meEed and

acrylic ac yed
o Y he i nvRiSferably 2 to py byt in G WS RORGL rpolRROTRNC el o MRG0
t he teg4n nafthb ¥iliconeydorifiHg tonbkAiE 860 Ww, A substantil framiamdmaé s1lﬂf0ﬂé'-p

contai ning a polymerizabl e doubl e bond. Exanples include 25 polyethylene

gl ycoI et maymag@wx@meywvllbnmrmxzealfdoetmmréxaed the swhkss@f A react ed

\IMS ocyanat oB? WHVF”“%P <t ﬂ‘éné)ﬁfgiqcﬁ/eﬁﬁtl é’a mf Oﬁnaﬂ&ﬁﬁ%} % S yg‘eéﬁ'ﬂ%ﬂ(r) ﬁ%gesgﬁc s

net hacryl OFJef&Hd%hgifbf c%hé%kxﬁﬁ&?s%ﬂpolymernzﬁﬁlé gfduggewoard Bel#obit .K8Q02x @ Produce
a pol yet hyl ene pol yol having one or nore ternnal pol ymeri zabl e

ol efi ni ¢ gakaw 9. 093 dendest per gram. pdimyare ipydfenned faoge wouldeALIV4Ito akout®.0RJi et i es
30 s u%] Ao eas1 rp%? EP e I%creasxrtlge{he%verage number of OH groups per molecule of the

hydroxyalkylamine-functional silicone-containing monomer will generally increase the

water content of the silicone hydrogel and improve compatibility with hydrophilic

monomers, such as DMA, but it may also decrease oxygen permeability of the final

silicone hydrogel; therefore, the number of OH's will typically be equal to or greater than

25  the number of polymerizable groups. The preferred average number per molecule is from
1 to 40, and more preferred is from 2 to 20.
The monomer mix in the reaction mixture used to make the silicone hydrogel may
contain a blend of one or more hydroxyalkylamine-functional silicone-containing

monomers.
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- 14 - Still further exanples are the hydrophilic vinyl

carbonate or vinyl carbamate nmononers disclosed in U S. Pat. Nos.
5,070, 215, incorporated herein by reference, and t he hydrophilic
oxazol one nononers disclosed in U S. Pat. No. 4 910, 277, incor porated

herein by refergnc er h rs _w ppaL.ent
to one skilled g‘ ?reﬁﬁlg a?'ﬁ%&l%ghs Mﬂrg]ﬁlﬁe pre {r}l(r&ggg %ﬁdr%dpdﬁal |§ rr@ oners
whi ch may BrirbRakyRels-Relclidialsilidbhe RBhMifiig monoméin tiSreitRBaMktur&M@AAltbON

i ncl ude hy oph| | ic monomers such as N, N-di net hyl acryl am de (

DVA) ,
2- hydr oxy efomll thersilicone rhydr@gels @ﬂﬁmywerguoyc di thg lhydrephitic mpnamers can lyg @nyaf/tehy |

nmet hacryl N-vi n rroli done NVP. th

nononet ha%‘?ﬂ glonpgiets F‘g Ay i they prio a@ftd?dar‘fg&gc%%ﬁel‘é’gﬁ’&%gmg he oprgferred
preferred S mdnofRACHRY Shdlefh&eh@ylied 1-Esihinke Su Fh Rib‘ﬁil ting
of DMVA, HEKI\%S;Ia}%HéIll NVP. ° |sS,t eermst ﬁ?e e?rrgany 1§ 3 QN yﬁ R
enbodi rrentmpnmdemtmqnzahemﬂlves:baexsecbms arosshnking agends. s Thiei tehnahmybt)lpleb(me
monomers ngt, )anccordlng to Strucgegsre | can al so .be added to t he nmonomer m x

with or VInYHCORGIENG (RONOMESHREES (or MPRAIRED APMBI Yiay! 8roupiig addi t i onal
silicone-c g hiehr e xture
pr ef er abl ypggfr.lpdr}? Zeaﬁpl)oglar %ﬁ%?g@ﬂ? %étjl oggﬁ?%jdpopﬁmsuc ars:&g%ﬁﬁgate
met hacryl atnenoxaersyhmnknkﬂyn et pelgmytizirelatively- \easily| Hydro;bmlo.t azmyl-amiamingr yl
functional groups. npl es of additional silicone-contain

mononet% mwewnﬁrawm@l @aﬂéa IRCETROER e éaeﬁheowdrwseéwféthapéesm@em@eeu incipdg, S,

Pal. NoS.  monemiks 1 2084y BRI 4745330 RORP NGRS 1R EN GG

whi ch are 1 ncorpora rre
exanpl es oﬁcesatmtie;blls vigldN-ethpla | ackidnid@neNsAyl-N-ethylg foenanides aid N-vinyl
pol ysi | oxanyl al k met h)acryli c nononmers represented by the fol | owi ng
st ruct ur e: formamj rrévplsprefStTﬁdlcture XV 25 wherein Rerr] is Hor

mothyl ;. benayl , - BHRGIRS: o6 Roklsa g rRBnel b e SRS 9@?%#1 to

100 repeat tieGerylic grédlp: O units. p is 1 to 10, r = (3-q), Xis 0 or NRerr],

where Rlerr] is H or a nonoval ent al kyl group with 1 to 4 carbons, a

is 0 or 1, C#hdCRCOX a dival ent linking group which preferably

ngﬁ;;se? O;avrhgrrgmth 2 I§ of € 3? nasndaﬁqs Bor % “ndaeH sosEnoev;[mh?or pg{ymhe}[iger ?f):%hy.
Examples of acrylic-type monomers useful in this invention include N,N-dimethyl

acrylamide (DMA), 2-hydroxyethyl methacrylate (HEMA), glycerol methacrylate, 2-

20  hydroxyethy! methacrylamide, polyethyleneglycol monomethacrylate, methacrylic acid and
acrylic acid.

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

25  polyethylene glycol, ethoxylated alkyl glucoside, and ethoxylated bisphenol A reacted with

one or more molar equivalents of an end-capping group such as isocyanatoethyl

methacrylate ("IEM"), methacrylic anhydride, methacryloyl chloride, vinylbenzoy!

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

30  such as carbamate or ester groups.
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. - 15- exanpl e, a polyethylene glycol chain. Useful

pol ysi | oxanyl al kyl (nmeth)acrylic nononers according to Structure XV
are further described by Vanderlaan et al, in "Contact Lenses", u. S
Serial No. (VTN-396) filed concurrently herewith and incorporated herein
by refere Exampl es of useful pol ysiloxanyl al kyl

nge. 5
(meth)acrylic rréﬂ%rﬁéftgervﬁa&lpl‘??aﬁfeb eabiisophilic vinyh carbengte @t vigxl sribemate
i ncl ude me EIART | ?1%33 .
pent anet hj’@?é‘f’"?‘%%% ¢ 58%1% %$n§éﬁgh§g$§§f’g‘{déﬂiq 6rlaféaq1erem by reference, and
phenyl t et r greeiydydphilicsoxaolany mehbwitrs afiscisad & USB. Pat. No. 4,910,277, incorporated
met hacryl oxypropyl bi s(trinmet hyl si |l oxy) net hyl sil ane, )
net hacryl ohgxpmd:;yyqefpémcg.n@thgq syitable §xdrephilic moapmpers will be apparent to one skilled
met hyl d; (t{nitﬂgggyl siloxy)- 10 met hacryl oxynet hyl sil ane.
Met hacryl oXypropyl tris(trimethylsiloxy)silane and 3-
net hacryl oxypr opyé pteférted MRrGphilRl heromn s WhidhShd2heindsiPporit&f BEd 8- polymer
Optionally, mxtures of other silicone-containing nononers and crosslinkers
can bef théduresent invertioneiaclude hydrophilic eongmets sush ah OEN-dimetbyl anrdainidey. S.

oot ober 6, (86, Shinety) methasnas SRS ap et B Rentinedy g
W thout t NgeiaeSRinGige, OTNRARINrolBER NHEVTPP hiﬁbi RtHYRAGEEEE: monometHadBiate

nononers that can be present “in the reactio xture’include ultra-viol et
absor biithg methacryboeodrasd acwylic acid.e The micre areferrévehydréphilicAddndmemnate splestedssi ng
ai ds such as rel ease agents 0 tin e cap al so be agdded to the
reaction nﬁ’?ﬂf?’% group CO%S’St‘ng of DM%%@MM&% f?éR? mé’étrﬁfFﬁeeg@&
silicone-contai i e BHOEMeMRE, a?d&ib&h%il obe—c&g)tainir%gﬁbﬁdrnﬁé??kvhich are sieicone
silicone-contai ning nonormer, and hydrophi 1 c nonofrer. e nore preferred
enbodi ment smonomiprsi e acbardingrie Sirueture ladn salsol osdied antthé RiongmeD Mixevith @f
Structure 1|, nore preferred additional _silicone-containing. .

the e - C .
monomer s, 4fhout dhenpresences b hslgophilic mgnemsphi (The additenal ssikigenesoniaining
descri bgd . | ' | Dk r] r
el uads 1 e auhich gan be addell 18 U HRGIhAhixERe oRirteall WombBafbAbFERADY
a conpound fisidfibnadgroaps’ Such Hea@atte mdigiEde, BEWyRIGdES methacrylamidie] OPYinyl
per car bonate, azobi si sobutyronitrile, or_the like, that generates free
radi cal s afactam, andostyrt diifctionaly greupst enfpeamnlen of, additionsé lénoperrepntainingon
o SRR WRRR Iy Y b to the resdS I WrchRed 5P TS ot Nos

al pha- hydr oxy one "or us a di one. rative
exanpl es of, I3B@50i @l KS336401 4SHBLBIB 503, 4510 Vel 0XP7@2 1Bt Witich dre incorporated

- phenyl -propan- - 30 one, and a conbi nation of canphor qui none and et hyl
4- (N, N2¢ii mbetein byniefesdnisenzoat e.
- 16 -

Preferred examples of suitable additional silicone-containing monomers are

polysiloxanylalkyl (meth)acrylic monomers represented by the following structure:

(CHs)
R&TI/&X——(L},———(CHQF—— Si—ZOSiR52R53R54)q

Structure XV

25  wherein R*' is H or CHj, q is 1 to 3 and for each g, R, R™ and R* are independently
methyl, benzyl, phenyl or a monovalent siloxane chain comprising from 1 to 100 repeating
8i-O units, p is 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, a is 0 or 1, and L is a divalent linking group which preferably
comprises from 2 to 5 carbons and may also comprise ether or hydroxyl grouns ‘or

p\aced



‘The initiator is used in the reaction mxture in effective anounts, e.g.,

fromabout 0.1 to about 2 parts by weight per 100 parts of reactive
conponents in the reaction m xture. Pol yneri zation of the nononers in
the reaction mxture can be initiated using the appropriate choi ce of

heat or vigi r ' Lght : ) NG 5
pol yneri zae'?dla@hﬁef %i%owggw\ﬁgg@ ! t:lllliﬂrg pl)jrg é@é’ﬁ)?@%bﬁ%@?@%ﬂg?ﬁ@b&ﬂﬁﬁoﬁ&ﬁas

2- hydr oxy - &@comirtgyto-Stductupél &V hre further described b Vanderlaan @t alhi Contaet Lesbestet hod
of polymerization initiation is UV |light. . Typically after
curing t heUre2EH#ldNo nixt ur\eTNA0L Hled SoperTently hgeewitheand inCorporated”herein by

hydr oxyal kr)éke%gcge-funct I onal silicone-containing nononer and any opti onal
mat eri al s, such as, hydrophilic nononers, additional

si | i corse- cont ai PxangplesuTRENBpolghilbkaylaticyl @rﬁeth)a@?{li&?ﬁdrﬂhieﬂgwﬁgﬁﬂ&ﬁbe added
initiators, release agents, tints and inert additives, etc. which are

conbi ned pei othet oregetiamgimixturge ingkide t i methamsylpmypropyd  t trisGiximethylisioxydsilang, vent
to renove th .di luent (if used r_any.trac of. .unreacted c nent s
and then: HrdraRetySHloaRhndmERa Gl pRaVICERES YRR reS R Yiac o1
(or an aquaenacr§RkiiroPyIbiSiMethfis hethQiSil4n) saline), or depending on
the solubility rzhair’ﬂac?’griesﬁ'?i cs%%ﬁg dfﬁll uaglﬁ’t (if used) and/or the 15

sol ubi | i t ymethaergloxypropylperdamdthyldisiloase dual uampbl yner i methyldiftriomathydsiloxie

sol vent can be an organic liquid such as et.hanol t hanol ,

i sopr o‘p?andp,t?'ﬁ‘?rglf’ﬁ)’@%thi']he‘ﬂ%'&ﬁ, d\dg@ﬁ@y&%mg,op r tﬁgmmethﬂ?rr'ﬁl"ﬁ}sgm@f e 3or
nore of s ' L1k ' ; can be renoved by
extracti olr?ﬁ\gtvih? ér{g%ﬁ?@ggtg'gdrﬂﬁfﬁ%fﬁgbs%%ﬂé‘g gggfé r\éf;e% ich renoves the

sol vent and Optigmiilpt mixtaree of othensilicone-gomaning momnmers amke clogsinkgsl canThe
silicone dr | s and contact 20 |enses of this.invention_ preferabl

conpri se ;%c "éfﬁgg t%ﬁ%Fﬂa"tﬂ)‘%ﬂ' pBtgreyghchas th?ﬁeéIeﬁ?"gFar‘%Mg- Sera ]\E’S Oﬁédﬁézéei ght
percent wat ) p | : t: e
ot al el ghesPeTHOOR) PBLACRr INIALERS AL ORRIOND, PATF RicH S iforfated

parti cud artherein bytreférdnoe, with or witkoutothe pidsande dfosiras morel hydaophilidl Aendnems es,

preferably soft contact |enses. ) . Variouys processes are known
for nol di ngthenamongmess;tast Ganbepresentyinthereaetipn mixtyg pgludesnlira-yiggt absorpwgses,

I ncl udi ng ' ti.ng: S | Ciicast & 42 ' St j.scl osed
noUs. PO g Mg hEUREaAAAnat BoRERRL o1 1B FPRRA Rl3F 72
di scl osed Wwatting agerits &an 4Pl be d¥ded tottht keactidd nitdred, 197, 266. The preferred

met hod for produci ng contact | enses conprising the polyner of this

i nvention is byTheprefirredcambedingns gomprisasesilicong-eemaining monemer of Stryctugghl.ch | s
i cal , . ar bl o t 1ol he final f th
yar ac 8511 29Ehel ARG oAl Ff R dng BV BfoohitE o Rveg” TR e beferisd)

havi ng t heefibsdifents comprise the more preferred silicone-containing monomers of Structurel ¥, -
of the final desired silicone hydrogel, i.e. water-swollen polyner, and the

reacti on nihgtmeee preferréds additipeal t sdliconercontaning) mesompksr @by theemeignprefareed
pol yneri ze o t.hereb roduce a . l,yner in the approxi mate shape of
Phe. f1nal  BELPPElBPEdmEs Sniicne drmeaoBERMET i xt ur e

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

25  polymerization initiator can be a compound such as lauroyl peroxide, benzoyl peroxide,
isopropyl percarbonate, azobisisobutyronitrile, or the like, that generates free radicals at
moderately elevated temperatures, or the polymerization initiator can be a photoinitiator
system such as an aromatic alpha-hydroxy ketone or a tertiary amine plus a diketone.
Hlustrative examples of photoinitiator systems are 2-hydroxy-2-methyl-1-phenyl-propan-1-

30 one, and a combination of camphorquinone and ethyl 4-(N,N-dimethylamino)benzoate.
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. i1s optionally treated with a solvent and then water, producing a silicone
hydrogel having a 5 final size and shape which are quite simlar to the
si ze and shape of the original nol ded polymer article. This nethod can
be used to formcontact |enses and is further described in U S
Patents 4,495,313, .4, 680, 3&6 4,889, 664;. and 5, 039, 459, |ncorporat ed
herein by Iheinjtigfogishsed m WCW%M?rﬁd“Fﬁ§°tﬁﬁelmﬁ§ RipciriERgagboyti 0.1 go
preferred t c mﬁﬂ{ l;

nmet hods of Jgj 3’% ﬁkgy? 3‘“ lgé?coat ar{tgssoq\%eggwl%ens o(ﬁgm %Qhecgé%ﬁ&glmsngﬁosed
in the pri d?olyménzaum:IdfdﬂhagmbhtﬁnerE’ahelhbsreSctWnﬂﬂﬂreabah e Oihfiiabed3 usik) the
91/ 04283, and EPO 93810399. preferred range of the

hydr oxyal ky'rrparﬁnﬁ@ter ¢hoige; frhent o visiblgins téwqﬁwrgbg or other maahéwepd@g ontthe n

br o er at y TbBheHA0h aRaO0 TN, tnewishrtdanEld ot ZRFER: 2R dhend-

80 wei ght Jiﬁoparpﬁ-bﬁ@rhfnd@lfxe preferred aedthotCofANRRR Afich 1hﬂ1a£18@1sw<ﬁghton m xture.
Reactive conponents are mat eri al s which react and becone part of the

final sili cone hml@@ﬁl afterf  eutinigt |tb¢rareastx¢n counture (whichc ost slefinedg asortberer s

are present react n.t he conbi ne referr

range of tHY e Btiomal bt <o ATiLg FRSHEE G, A PRPRD RIS ng
addi ti onal such as Sh drﬁﬂ{?ﬁ‘c‘ GROGRh e ngd&mmﬁhéd?leichﬁtahﬂ%ctdl&{bn@ré(t dilfentsS
fromabout 5 to 100 wei ght 20 pércent, nore preferably about 10 to 90
wei ght 9er carosslinkingl agenss, ipitiafars, ateﬂqasalagems 16nts aand inert ﬂﬁxtwes gite. phicheare of

the reactive gomponents in the react.ion xture r ef rred rang
of hydr ophifrq"@ PSS 0 0;quripg)s the,fesuifing pa g s rremeﬂﬂw IYeat 19 MU 5

to 80 hid {'u&‘ag%‘? hy t&'&ése%ipﬁﬁfe%%g&’ ké{m 'rlIs AR tthgn o déﬁﬁ:'d%t fobm hENT -
and nost pre erably a percent o e reactive
conponent s hydréget Thacolvent used imayde Witer mrfaheiquemi:s%lutmrsgeh esf phi)tsl(ﬂ@’léall n
the reactive mxture is. fromabout O to 70 we g‘?er cent,

pref erabl y HeR) obderendipa Hist oarérlémbaraatﬁastwwf t éflrenarsrfylsgrbomd/w trhe 20
Vel g_ht er Cs%mmhtzgI char feri&tb:@ otf%hglresﬁcﬁﬁf {rﬁ rﬁ@rfge&' gﬁj F@fs %&B’&H?\F (t"fcarﬁ:i b#
require varl es epen at re an rve am)unt S O

reactive cosrgae mrqmdemdh @ﬂ eﬂlhﬂolaﬂﬁthﬁholpfsobﬁdjb&ﬂﬂhhﬁ)dt@res thereofg60thedikief ersent

in the hydroxyal kyl am ne-functional silicone-containing nononer, but the 30
amount s of WHAUTE|0Aione @ Mare ehsuchgraamie Hewds With yyasert aFe solvept caiske femgvedhe
18 -
d

anounts re
P The meorb Efifaction with pure water on physiclosice) jaling, vhieh semoves the solvent

m xtures  hydraté©theddoling 1b Préduck @rsilicohé ByRbpac rBHeQMéBﬁ@ﬁy’drogels and contact
pol ydi net hyl si | oxane wi th nol ecul ar wei ghts greater than 2000 or 3000

and esp¥ci alenses obthigroientionprefarablyrmompgise 2te 50 treight pewentawigter, more pegferablye| y

| ar ge anoun t he dro noner reater th OfV r 25%
or 5 espetsgﬁﬂ ’I% }ge‘gig%rfe'ﬁ%%erBﬁ glpswrgfera@iv&éi 4@1 ﬁth?@e“’a‘én”é? §/8‘
require relgkdl wlgfm Rif e dilfoak hydrogels OThelel siRBhe hRitbgdl€aeipaftidiliely shﬁédsfor
diluent if one of the novel hydroxyal kyl am ne-funncti onal

si | i cone- comekingicomfactiensener igtegecuiar lenses, prederably soff sonjaddensesy pl ace of the
a, [err] Various processes are known for molding the reaction mixture in the production of
25  contact lenses, including spincasting and static casting. Spincasting methods are disclosed
in U.S. Pat. Nos. 3,408,429 and 3,660,545, and static casting methods are disclosed in
U.S. Pat. Nos. 4,113,224 and 4,197,266. The preferred method for producing contact
lenses comptising the polymer of this invention is by the direct molding of the silicone
hydrogels, which is economical, and enables precise control over the final shape of the

30 hydrated lens. For this method, the reaction mixture is placed in a mold having the shape
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-bi smet hacryl oxypropyl pol ydi net hyl si | oxane. In the preferred
reaction mxtures 10 to 60, nore preferably 15 to 50 wei ght 10 percent of
the reactive conponents is hydroxyal kyl am ne-functional silicone-containing
‘mononer, 20 to 50 wei ght per cent of the reactive conponents is an

addi ti onal n

S0l ysi | oxanﬂha:ﬂﬁa%flred 111)10(';)%? 'ﬂ% gél ?em%@ 'W%lleﬂ gbfyﬁ{e?bdn)d tﬁe reactlon xture
Structure X\subjebtedt Beqw@hwmeby: ahé mnohiees pebmtenm morhwebqnpmduee a

hyd hi | f bly . d 0.1 b
m}e/. gﬁf Iof ! Sw@”x?xgén tﬁ%@r&%@a@m pig fipal )asmsarﬁéw?w sﬂ% ﬂrlr a&%ﬁgg{rw%e
phot oi ni t afsgfp nof’?egr? tfaled \%91 %’F‘ér%}& and thenR t&re prod%tng R&k cgf'r@h%({r Qéithh%ﬂg a

m xture is refe secon ter

pr ef er al yfimal tsEZF;talndrsMa;ﬁU which |are quite srmxlar to th}'h&eraadcshawommtdﬁgﬁﬁl ﬁfoldehe
present invention can be forned bg y of the met hods known to those
skil | ed i npelnaengticles Jdis methed gan gu@ﬁd totform |cﬁgtactaln@sea gud) ist fyrtheyr dascriped

I I F
ronomer U ARl o 8050 EF 00 B SIS 30 50 P Breb Bl i B
M xtures ateférendec’ ARer Siodhting Mid dilicone hy@RIREE it BPTefeREP Bhalithé ®ons DeCddard
30-40[err]C, or below roomtenperature such as 0-10[err]C, so as to

prevent phwib asle'@mr&ullcma,png t Beme ongsbedsmfxadding hydrophilic COMSE%mlph%ba\bel ow
furth d A h
ol oy S | R BScisabn BV Eer e nsivding LS Paffis 85 952 884 3318.653; wo

" DAROCURE 81/64383, and EPO 93$Z§nggdroxy 2-methyl - | -phenyl - propan-1 - one,
" DVA" N, N-di net hyl acryl am de " M_BM'
3- et hacryl oxy pﬂ"bpyplbfesreEOrange of the hydroxyalkylannne-ﬁmct:onal silicone-containing

|(;,E)|r IygF |t gigfsplgl % n¥|1§ Itgre reaction rmxtExlgEﬂsD om T ut 5 to 108 pxserlgaﬁtlp%rr]ce%{ more

19 MAY 1998referably about 10 to 90 I

500 grans e r%ryr/a f%rr -t%l sa“rﬁlﬁ p?%]coe)?lt abnéﬁ mgst”%reﬁ bS)I( Iag(;(uatnleS o508 and
68 gr ams percent aﬁthglrymuql lcompbhats y &teerewtrcm mnﬂmeneﬂewnde hcempedexm ale
stirring at 100 err ]1.C fo;mé% hours. product was extracted five
times w t hMRtRoigisyhigh reaetang beeome part of ﬁheﬁm}éﬂrceeq fodapgel. If addiopal; slipone-

To o gr venap SOR T EHRAGH U Eotin pRRIE D oS Bl ©

cnferr]. Thinge p:rfol(tladiydmﬂyhlkpbnune-ﬁmctronal silicone-containing monomer and additional

silicone-containing monpmer in the reaction mixture is from about 5 to 100 weight
20  percent, more preferably about 10 to 90 weight percent, and most preferably about 15 to
80 weight percent of ﬂ‘lre reactive components in the reaction mixture. The preferred
range of hydrophilic monomer if present in the reaction mixture is from about 5 to 80
weight percent, more preferably about 10 to 60 weight percent, and most preferably about
20 to 50 weight percent of the reactive components in the reaction mixture. The preferred
25 range of diluent in the reactive mixture is from about 0 to 70 weight percent, more
preferably about 0 to 5Q weight percent, and most preferably about 0 to 20 weight percent
of the_tgte‘l‘ re_ﬂpﬁon ,mj)ﬁure. The amount of diluent required varies depending on the
nature and relative amounts of the reactive components and on the amount of hydrophilic
groups present in the hydroxyalkylamine-functional silicone-containing monomer, but the

30  amounts of the claimed diluents are generally substantially less than the amounts required
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-referred to as "the reaction product of glycidyl nethacrylate and 5000 MV

alerr]- bi sam nopropyl pol ydi net hyl sil oxane” or alternatively
bi s(N, N- bi s-2- hydr oxy- 3- met hacr yl oxypr opyl ) am nopr opyl
pol ydi nmet hyl si | oxane. 10 EXAMPLE 1 38.2 parts by weight

of the proghiCihe0bolfRRARA MdARIers\afsclosdtiimafle Viridd #£8- 8For examEﬁr xR 33
parts DVA by wei ght of the reactive conponents, and 1 part DA

1173 and dcbmthmnhgvmot,du—b&meﬂtahyﬁlo@ppmyt gpudydimethyitexaae r edtht imuecndaxt wrefghts

containing 9 we %(5) ercent djluent. The resulting reaction m xture
was a cl eaBreats rfggb%%hgré Qenchgspeqially o Gaglesion yﬁ@h@o&r@a@f thagni009pansls

were fill epelatf\J 8/319 e%%uhw?%eaﬂy%goﬁ%lfcqngn%éra!hap{ gi‘egter than 2(?.%/ %P{zﬁ*f/ rde W

light froma scent source ‘over m nu s were

opened snd eiﬁéelall)egﬁeﬁzr mahs OVEbehE eéhctith tittGRp oy reqmﬂ: felagively hiphséwiy ed
into dei oni zed The | enses were clear and had a

tensile m@ﬁd\h@nbfbuzmum @Mse rdﬂ]:entaﬁon;q @ﬁ@amoad hyﬁlooxyalkylpmmkfumftwnae

37% and an..equilibri.um water con 0.2% Tenﬁ

properti es SHEPE-cPRIaling  MPNORELS, &Sﬁ"q ﬁgt thS‘?'F['br’rs] userliein 1Placs t‘éfnsth?e“t‘&st er.
Equi libri UBIsmethacrylﬁ%&ﬁopﬁ%%h&h{il were determ ned gravinetrically and

are expressed as 00 x (mass of hydrated lens - mass of dry
| ens)/ mass of hymitle preféresdsreation mixtufeXAPtESD 2 mbfe preferably 15 to SReweighton
m xtures were madtgtusm the formul atio nple 1, but with the

f or mul 4% oRETCERdOkIThe KERT Ve eSATRONERLS (i dhy soxrally e SupdtiopHlesiiionercpBining
m Xt ures a%nbﬁ]@rc;eﬁ) fﬁeﬁf we{ght er%lerﬁa(ff the reactive co onents is add*nonal ilicone-
eact] oﬁ r(:]% usi ng aPhe ﬁ

- 20 - m Xtures were ornu Ions of
Exanpl es 5coftainthgatidndmer, preferably a polysiloxanylalkyl (meth)acrylate (more preferably
having the Structure XV), 10 to 50 weight percent of the reactive components is a
hydrophilic monomer, (more preferably DMA), and 0.1 to 1.0 percent by weight of the
15 reactive components is a UV or visible light-active photoinitator, and 0 to 20 weight
percent of the total reaction mixture is diluent, preferably a secondary or tertiary alcohol,
more preferably a tertiary alcohol.
The reaction mixtures of the present invention can be formed by any of the
methods known to those skilled in the art, such as shaking or stirring, and used to form
20 polymeric articles or devices by the methods described earlier. For some monomer
reaction mixtures, it is preferred to cure the reactive 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.

The Examples below further describe this invention. Some of the materials that are

25  employed in the Examples are identified as follows:

"DAROCURE 1173" 2-hydroxy-2-methyl-1-phenyl-propan-1-one,
"DMA" N, N-dimethylacrylamide
"MBM" 3-methacryloxypropylbis

30 (trimethylsiloxy)methylsilane.

PREPARATION 1 — Preparation of Polysiloxane Monomer
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~but with [err],[err]-Dbisnethacryl oxypropyl polydi nethyl siloxane (5000 MN
I n place of the product of Exanple I and with the m ni mal anount of
3- et hyl - 3- pent anol di | uent needed to make a reaction m xture which
woul d produce clear |enses after hydration. The 5 conposition of the

2770 Tal o 1- Py e o RAS AnBoltth e dy i ahd (IO W and 5 gramps

1 of &lymdyl methacryBite were combinedtand hedtgo&ith i seifringP4teYDONE 610 D hours.

38.2 33.5 27. 6 22. 3 VBM 28. 8

33.5 Theggoduct was extrpgteg five tlmthh 1500 ml of ;;getomtnle to re@gve res1dua1 33
33 Dar o

Di | uent ycldgl methacryla(%e and residual acetogltnte was remov3d underE‘REJ(lg;? pressure 0, o4
0.2 23 3 'gx\Q a3c1ea2?oxl4 m @4421 2862, 2194401 B5, ﬂ@shéllmz (ma)cm 51‘9@ pfodh%t will Be/8 +

11 % El ongat i on 168 + 48
200 + 58 Ibhfe(rbdirtoeas)“the reatién Product of1gdicidyl methacﬂ;dwe Jand 5000 MW. &,0-
Exanpl e . . 5 . ) 7 ) ion, P
I\/ac?grrer bisaginopropyl poly@?gtgylsﬂoxane” o@rg alternatively, -;J?S(N,ISE%BM Islyc}roxy- 3- rep
27.9 i i ToxadlVA 35 35
35 mignabryloxypropyahiitopropyl polyfithethysitoxddty) 0.4 0.4
% of Diluent 10 7 5 11 EWC( %

26.1+ 0.3 25.8 [err] 0.3 25.8 + 0.3 25.8 + 0.1 Modul us (psi) 179

5 95 E1B? + 6 101 [err] 4 % Elongation 151 + 42

106 + 30 195 3326535?61[}}%\?%@3 ot the pr%@&%'f 5’&"E'§%RA'1‘116)1\%%§W§ combi_xLlfd bidh B 8

116.5 107.
parts MBM, 33 parts DMA by weight of the reactive components, and 1 part DAROCUR

12

1173 and diluted with 3-methyl-3-pentanol to make a reaction mixture containing 9 weight

percent diluent. The resulting reaction mixture was a clear, homogeneous solution.

15  Polypropylene contact lens molds were filled, closed and irradiated with a total of 3.2

J/em® 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.

The lenses were clear and had a tensile modulus of 205 +12 g/mm’, an elongation

20  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
25
EXAMPLES 2-16

Reaction mixtures were made using the formulation of Example 1, but with the
formulations and diluent levels listed in Table 1. All the reaction mixtures and lenses were

clear.

30 COMPARATIVE EXAMPLES 1-4
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- Conposi tion Prep Macroner 35.4 31 25.5 20.7

VBM 26. 6 31 36.5 41. 3 DIVA
38 38 38 38 Dar ocur 0.4
0.4 0.4 0.4 % of Dil uent 12 7 7

5  BEW(% Reacngx? nﬁftu%s:?were %Qadg uﬁing 1he fogﬁruﬁtliﬁné)otQExa%ﬁ)lgs é)-8%nd MDdUl US
(psi) 215 + El ongat i on

22 132 But4@1th a d)@ﬁsmetﬁélcryloxﬁﬁébyl- pﬁ@dm@hﬂhmxaﬁfr $$OOO MW).% pﬁace of the115. 7
104.9 100. 3 13
16 Conpprofusts Exaqnplgpl ng}@p minimal gmoynt of 3-methy13bpentanol dllugm ngeded

38 NBM mke a reactlon2§m : gure which woﬁjg produce[ﬁ{%gr ?ﬁnses after hyc%atkfm 'IIRIXA

0.4 corﬂpcﬁmon of the reQeti%n rm%d?és fot Cldfnghratwe Exarﬂ;ﬂes 1-4 are in Talaﬂe 2. 8
9 EV\C( .1+ 0. 31.2 + 0.3 31.7 + 0.2
Modul us (psi) 218 [err] 11 170 + 6 131 [err] 4 95 +3 %
El ongati on 110 + 34 130 + 51 185 [err] 53 203 + 47 Dk
(barrers) 112. 4 104. 6 90. 8 92.3
- 22 - Tabl e 2 - Conparative Reaction m xtures PDIVE* 20.0
37.1 22.3 26. 8 VBM 40.0 27.9 44. 7 38.2
DVA 40.0 35.0 33.0 35.0 Davocur 0.4 0.4
0.4 0.4 % Di luent 22.5 20.6 10.9 15.7
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PDVE =
5

[err],[err]-bisnethacryl oxypropyl

PREPARATI ON 2 -
2.48 granms 1, 3-bi s(3-am nopropyl)-tetranet hyl di sil oxane,
- oct anet hyl cycl ot et rasi | oxane,

pol ydi ne

t hyl si | oxane (5000 MN

Preparation of a Second Pol ysi | oxane Mononer

13. 37

grans 3

83. 62 grans

- am nopro | di e Qg%si | ane, 0.1 gr . potassi um hydroxi de and
10. 0 grarrspi(%"t L?i/ ?‘ﬁ'égowt’r‘?gég'é‘gg%p?ﬁ“’%ti rring, with r enoval
of a wat ef apghnpleNanol gzeoyropg, tp LAH[ErJTCy The nmixture was then cool ed
to 10 60ferr]C _a 0.13 glans of hcetic akid was jadded. The nmi xture was
stirred flor Comesimur| and filtefed through celife. The product was
devol ati || ZERAMBYOREat i 382t o 148} 2rr| C &t6 abput??B tofr. 10 grans
of the a 'nofﬁi i onjal 28I y$i Anel f 1 4 prod‘ﬁ‘ced above were conbi ned
with 1.3 gr g chidoia d 03?29 Or a 4gI y Ci §/I net hacryl ate. A noderate
exot herm ag%’g ot edy” The ni & ur e al|o to| react for three days,
during |c°°f|1rf’§’n|t becane 15 very viscous. e p oduct was a pendant
hydr oxyal kyl f un i on ng nononer.
EXAVPLE 17 %Epéﬁ %qug 92?7%[[15(1)?01 %ff ﬁﬁRA%ﬁ%@ were conbined with 0.29
grams 3- tl}% ¥lon 0 nple 2a9d| 002 % 9l rocur 1173. Lenses were
made by pl api Al S bh@nsd |nthss | Cagiact 1gis nbl ds and exposing the
mol ds to Elalifle: Te Rydratedg T enses ref Sof and cl ear.
EXAMPLE 18 25 1_19igrans of PRFPARATION 2 MWere conbined with 0.50
grans TRIS, Commstion g3r ans {DVMA and| 0. 027 grans Darpcur 1173. Lenses were
made by p| 8P NETPRETs| biSdAd il nt 823 26.8 217
- 23 - git F/ réde cont é%:? | éns3%bl db ati exposing the nolds to LV
light. The hga | enses 0 Swer¢ sgft ahd cPearl EXAMPLE 19 5
1.21 grang PAF<ATI 2 wer’%d co Tbl ?‘*d wWth 0.726 grans DVA, 0.484
grans TRIS &%4 6"6‘27 gr Dar oCur 1173: Lehsed'werke made by placing this
EI end |nt?) EWC(° ont a%.rl&ps zrglgl 1r5g_8g>630>|2g|_gitone nolds to W light. The
ydrated | g9 fel spbls | nf0s ¢VeHee | 10114
% Elongatlon 151 +42 106 + 30 195 + 65 179 + 47
Dk (barrers) 118.8 129.6 116.5 107.9
Example 9 10 11 12
Composition
Prep Macromer 354 31 255 20.7
MBM 26.6 31 36.5 413
DMA 38 38 38 38
Darocur 0.4 0.4 0.4 0.4
% of Diluent 12 7 7 5
EWC(%) 294+03 | 300+03 | 266+02 | 26.7+0.3
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 25.8 30 35.3 40
DMA 40 40 40 40
Darocur 04 0.4 04 04
% of Diluent 12 11 8 9
EWC(%) 321401 | 312402 | 316+03 | 31.7+0.2
Modulus (psi) | 218 +11 170+ 6 131 +4 95+3
% Elongation | 110+34 | 130+51 | 185+53 | 203+47
Dk (barrers) 112.4 104.6 90.8 92.3
! This Sheet Has Beexl Replaced
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EXAMPLE 20

0.25 grans DVA, 0.31

0.689 granms of PREPARATION 2 were conbined with

grans TRI'S and 0. 027 grans Darocur

1173. Lenses

were made by placing this blend into pol ystyrene contact |ens nol ds
and exposi ng the nolds to W light. The hydrated | enses were soft and
cl ear. Table 2 — Co x@glkt%aénon%kﬁﬁ‘ fes t hat for Exanples | through 16,
| ess dil uenat fovi de clear reaction mixtures and
cont act Ienses as corrpar ed to the Corrpar ative Exanpl es shown in Table
2 whi ch rpmu red the addition of 2-3 ti s.as _much 3-net hyI -3-
pentanol [to make dl€emp.r a&smion [Eompr ekCompest exanpl es denonstrate the
i mprovengnt 20 in Esnbat|iBx. Rity K 3t hel Bydy oxyal kyl am ne-functi onal
si | i cone-|cpmmAg#ni Nponongrs of {tip s 76.8Nnvention in reaction mxtures to
make contJERM ENSES40 o 279 @(@rrpi B%g 37 through 20 show that pendant
hydr oxyal mne=fanctitanat—sttytone=15- cpnt ai ni ng nononers of this
I nventio “%ég\ﬁ,he '54,0 6”‘ éé -c4 d:}' f(ymn 320 | ohses in reaction
m xt ures A/Ri“r?%fr WiQhout WA op i¢4c mohBflers hnd additional
si | i cone-|CoMikient NR22% | @drfonersl0.9 15.7 This invention has been
descri bed "WpPDMS ebgn-bisartiacryiedypiopyl ﬁdleiﬂf@Q@lsﬂE)&hs (5000 MW)owever ,
variations within the scope of the followi ng clains are apparent to those
of 5 Of FON 2 1 B i8h bf a Second Polysiloxane Monomer
- 24- r prepared by
curing a reactin4s giamsLlrBbs(ﬁmninapﬂ)@ya-tetramélhﬂdlmhé()SBEGZI gieémé unct i onal
silicone-contai ni ng nononer, r|S|n%the foll ow ng 5 structure:
octamethylcyclotetrasﬂoxane l .37 grams 3-aminopropylmethyldiethoxysilane, 0.1 grams
potassium hydroxide and 10.0 grams water were combined and heated with stirring, with
removal of a water and ethanol azeotrope, to 145°C. The mixture was then cooled to
10 60°C, and 0.13 grams of acetic acid was added. The mixture was stirred for one hour and
filtered through celite. The product was devolatilized by heating to 145°C at about 1 torr.
10 grams of the aminofunctional polysiloxane fluid produced above were combined
with 1.33 grams glycidol and 0.729 grams glycidyl methacrylate. A moderate exotherm
was noted. The mixture was allowed to react for three days, during which time it became
15  very viscous. The product was a pendant hydroxyalkylamine-functional silicone-
containing monomer.
EXAMPLE 17
2.42 grams of PREPARATION 2 were combined with 0.29 grams 3-methyl-3-
20  pentanol and 0.027 grams Darocur 1173. Lenses were made by placing this blend into
contact lens molds and exposing the molds to UV light. The hydrated lenses were soft
and clear.
EXAMPLE 18
25 1.19 grams of PREPARATION 2 were combined with 0.50 grams TRIS, 0.30

grams DMA and 0.027 grams Darocur 1173. Lenses were made by placing this blend into

22
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< [err] Structure | wher ei n: nis O0to 500 and mis 0 to 500 and
(n+ mM =10 to 500; 10 Rerr], Rerr],Rerr], Rerr] and Rerr] are

i ndependently a nonoval ent al kyl, or aryl group, which nay be further.
“substituted with al cohol, ester, am ne, ketone, carboxylic acid or ether
groups, a de ent
al kyl . or r]g)rly; yrer&&ﬁfal:v\’{?& ﬁx()fd]s aﬂggx t]\e fHbfds té‘@ﬁP gt %éﬁzmﬁ‘taﬁa@&\é cohol .
ester, amwesmmdamar boxylic aci d or et her group, or have t he

foll owi ng structure: [err] Structure 11 with the proviso that
at least one of Rerr], Rerr], and R err] are according to Structure 11,

wher ei n E di vaI ent aI kyl group, Rlerr] and Rerr] are
independer#%@lgTTmnoval ent al kyl or aryl group which may be further 20
substi tsut ed W tih2 Pgrafls @ 'EREP RRATIONDWER coliBin@ SvithARY IPsckink DMAI 0484 et her

group, or have the follow ng structure:
R 12 OR grams TRIS and0027 gramsddarpeur| 11173. Lenses were madevhyeplgcxm thisrljleridonte, or a

nonovalent I riz rou i.n nmet hacryl oyl ,
Sryryt Cuicact 5 rpR afa st Rl O Ao fin! Hhe myaraetlemRir SRt Kyl o
aryl 5 5&6Qkﬁ[whlch can be further substituted with al cohol, ester

am ne, ketone, carboxylic acid or ether groups, or a polynerizable
group conpri sing acrylate, met hacryl ate, styryl, vinyl, al lyl or

N-vi nyl Iagéggj L% Rlerr] and Rl err] are independently H, a nonoval ent

al kyl Y a V\:hl ch can be further substituted with al cohol, ester,
am ne, ketone, ¢a§PEAMsIEPREPARNTION 2 were combined with 0.25 grams DMA, 0.31

grams TRIS and 0.027 grams Darocur 1173. Lenses were made by placing this blend into

—

polystyrene contact lens molds and exposing the molds to UV light. The hydrated lenses

were soft and clear.

15
Table 1 indicates that for Examples 1 through 16, less diluent was required to

provide clear reaction mixtures and contact lenses as compared to the Comparative
Examples shown in Table 2 which required the addition of 2-3 times as much 3-methyl-3-
pentanol to make clear reaction mixtures. These examples demonstrate the improvement

20  in compatibility of the hydroxyalkylamine-functional silicone-containing monomers of this
invention in reaction mixtures to make contact lenses.

Examples 17 through 20 show that pendant hydroxyalkylamine-functional silicone-
containing monomers of this invention can be used to make clear contact lenses in reaction
mixtures with or without hydrophilic monomers and additional silicone-containing

25  monomers.

This invention has been described with reference to particular embodiments;

however, variations within the scope of the following claims are apparent to those of

ordinary skill in the art.
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.ether groups, or Rerr] and Rerr], or Rerr] and R err] can be bonded
together to forma ring 10 structure, with the proviso that at |east one

of the Structure Il groups on the nononer m
gr oups. 2. The silicone hydrogel polyner omi“g “Im“ﬂ n+m
is 20 to 2 éclB[ne”]’ Rlerr], Rerr], Rerre] tare S

i ndependent ]y unsubstituted nonoval ent al kyl or aryl groups; RO is
-(CHerr])[err]- 15 where s is 1 to 10; Rlerr] is Hor nethacryloyl;
Rlerr] is either alkyl substituted with an al cohol or net hacryl ate;

and Rlerr] }. R{\ewhqonarlwdrqg@l upplymee prepared by curigg a Teastien Inmigore cmyngnswa

AR T R N T RN

Rl err] arestgitfiregr oups 20 according to Structure Il, and Rerr] is
selected fromnethyl, ethyl, phenyl and benzyl 4. The silicone

hydr ogel of claim!] mherelmvsald ydr al kylampgfe-functional silicone-
cont ai ni ng nonorer of this |nvent|o eneral | as between 2 to 20 nitrogen

groups per nol ec o aver agej, d 2 to 5 lpoly gl zabl e groups per
mol ecul e on aver age. Si —5.0 of claim1 wherein
sai d hydroxyal kyl am ne-fun¢t| onal | cone- cont ai ni ng nononer has
the follow ng structure:y Rg3 3 7 -
26 - [err] tructuretl wherein Rerr], Rerr], Rerr],
Rerr], and Rlerr] are independenthy sel ected Mrom nmet hyl, benzyl, phenyl
and g%’rh fgfrrﬁ is defined as an al kyl group or aryl group which may
be substit Gu h an

wherein:

nis 0 to 500 and m is 0 to 500 and (n + m) = 10 to 500,

10 R%ZRY 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, and
R', R® and R? are independently a monovalent alkyl, or aryl group, which may be further
substituted with an alcohol, ester, amine, ketone, carboxylic acid or ether group; or have

the following structure:

R]O

/
N
15 R

Structure 11

— R’ — N

with the proviso that at least one of R', R?, and R® are according to Structure II, wherein
R’ is a divalent alkyl group;
' and R'! are independently H, a monovalent alkyl or aryl group which may be further
20 substituted with an alcohol, ester, amine, ketone, carboxylic acid or ether group, or have

the following structure:

This Sheet 4
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5 al cohol, ester, am ne, ketone, carboxylic acid or ether group, R9 and

Rl err] are independently -(CH err])[err]- where s is from1l to 10; and
Rlerr], Rerr], Rerr] and Rlerr] are independently H a nonoval ent

al kyl or aryl group which may be further substituted with an al cohol,
ester, am ne, ketone, carboxylic gcid or ether group, or has the
follow ng structure: [eBr 1R st ructure 111 where R err]

is H or a nonoval ent pol ymari]zabl el group conprising acryl oyl,
met hacryl oyl, styryl, vinyl, @l lyl or—Npbnyl lactam Rerr] is either H a

monoval ent al kyl or aryl | group| whi ch can be f ,Iumumtm E‘ll}ﬂjﬂ d W|th
al cohol, ester, am ne, ketone] carbpyylic aci
pol ymer i zabl e group conprisinB acryfate, nethacrylate, “styryl, *15* vi nyI

al lyl or regfctam Rlerr], Rerr] and Rerr] are |ndependently H a
nonoval ent égll aryl, which can be further substituted with

al cohol , ester vHEr O R K@tHn%r £ FhdHVAlehtC pBlirigdble grourf LBRIprising URSyloyl t h
the proviso that at |east one of the Structure [l groups on the nononer

conpri se pma}hmmlmdbstgrygr\oumsallyl osz-vm@l lathaa, R'f icHne moninelget alsyl ef aiym 1
sher ef 1 Sal Sty draal Ky LA De et 00k Shal S90%amine, kerSSLGHAIR ARpOTe"
or ether groups, or a polymerizable group comprising acrylate, methacrylate, styryI, vinyl,
allyl or N-vinyl lactam; R"?, R* and R" are independently H, a monovalent alkyl or aryl,
which can be further substituted with alcohol, ester, amine, ketone, carboxylic acid or
ether groups, or R" and R, or R and R" can be bonded together to form a ring
10 structure, with the proviso that at least one of the Structure II groups on the monomer

comprise polymerizable groups.

2. The silicone hydrogel polymer of claim 1 wherein (n+m) is 20 to 250; R%, R*, R®, R®
and R’ are independently unsubstituted monovalent alkyl or aryl groups; R’ is -(CHa).-
15 wheresis 1 to 10, R™is H or methacryloyl; R' is either alky! substituted with an alcohol

or methacrylate; and R'>, R”® and R" are H.

3. The silicone hydrogel polymer of claim 1 wherein R%L RY R® R®, and R’ are
independently selected from methyl, benzyl, phenyl and ethyl; R' and R® are both groups
20 according to Structure II, and R’ is selected from methyl, ethyl, phenyl and benzyl.

4. The silicone hydrogel of claim 1 wherein said hydroxyalkylamine-functional silicone-
containing monomer of this invention generally has between 2 to 20 nitrogen groups per
molecule on average, and 2 to 5 polymerizable groups per molecule on average.

25
5. The silicone hydrogel of claim ! wherein said hydroxyalkylamine-functional silicone-

containing monomer has the following structure:
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-~ Structure V, Structure VI,
Structure VII,

10

15

20

RAE T g

RI? R® ¢ ° 19
\N R® / lSi 0 srx 0 | E RLN<R"
a \ I L | ] R

Structure IV .

wherein R, R*, R>, R®, and R are independently selected from methyl, benzyl, phenyl and
ethyl; R" is defined as an alkyl group or aryl group which may be substituted with an
alcohol, ester, amine, ketone, carboxylic acid or ether group, R® and R'® are independently
—(CH,),- where s is from 1 to 10; and R"”’, R® R and R! are independently H, a
monovalent alkyl or aryl group which may be further substituted with an alcohol, ester,
amine, ketone, carboxylic acid or ether group, or has the following structure:

R!2 TRM
- L — C—R"

ILIB 15

Structure II1

where R is H, or a monovalent polymerizable group comprising acryloyl,
methacryloyl, styryl, vinyl, allyl or N-vinyl lactam; R'® is 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; R'>, R™ and R are independently H, a monovalent alkyl or
aryl, which can be further substituted with alcohol, ester, amine, ketone, carboxylic acid or
ether groups, with the proviso that at least one of the Structure II groups on the monomer

comprise polymerizable groups.

6. The silicone hydrogel of claim 1 wherein said hydroxyalkylamine-functional silicone-

containing monomer is selected from the group consisting of’

\Aced

S



[err] Structure VIII, N [err] [err]
Structure |X,

\[M \/\/510 ——Sx/\/\ Ok/
A Yk

Structure V,
0O

~.E BH .-.__\ Sl 0—1——- %l _O_‘_ Sl '-\\‘IU:!_.- . \N . - e '.._\ OH
1 OH
' OH
| \Il'-.
d

N H!Illlj AR

HO—  {—OH
' "~ OH

Structure VI,

Structure VII,
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[err] [err] 7. The silicone hydrogel of claim!]l

Wnerei n sai d hydroxyal kyl arm ne-functional silicone- Immcﬁﬂl['llm Ims'rm!ner i s:

Wﬁ?&/\/\ﬁfl%ﬂ/\@\/‘*

OH

Structure VIII,

/\%\O\ﬁ/n\
A
_]'Si<0 li 3—(0 __lSi }—g O%i—)-oslli——

20 5 200

Structure IX,

™o 4 |'N s. oﬁ— Si- o—— 51 VAN 9
| (L } |
H / OH :
2 25/ %\\25 2
[~
|
5 L\\\///

Structure X,

i

Structure X1,

28
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- 30 - [err] Structure V. 8. The silicone hydrogel of
claim1l wherein said reaction mxture further conprises “m
nonomer . 9. The silicone hydrogel of claim8 wh ﬁf‘g ‘H“y“m hilic
nmononer is selected fromthe group consi sting of

acryl am de, 2-hydroxyethyl nethacrylate, glycerol nethacrylate

2- hydroxyet hyl methacryl am de, N-vinyl pyrrolidone, polyethyleneglycol 10

nononet hacryl ate, nethacrylic acid and acrylic acid. The silicone
hydrogel of claijm| wherein said reaction mxture fufther c rises an

addi ti onal r : iC dr ogel of
claim8 wherefjn sai i ‘(}a?l he ri ses addi ti onal
si |l i cone-cont ai ni ; Tlhe silicqne hydrogel claim1l
wherein said additional si nt ai fli ng r s a

pol ysi | oxyanyl al kyl nononer. 2¢ e silicone hydrogel

of claim 11l wherein said addi si | i cone- cont anAf nononer has the

structure:
Structure XII,

Structure XIV.
10

7. The silicone hydrogel of claim 1 wherein said hydroxyalkylamine-functional silicone-

containing monomer is:

29 This Sheet Has Been Replaced




. [err]

Rlerre] is Hor CHerr], gis 1to 3 and for each g, |mlm|wrllﬁﬂm!mmand

Rl err] are independently nmet hyl , benzyl, phenyl

sil oxane chain conprising froml to 100 repeating Si“Ounits, pisl to
10, r =(3-9),opXis Oor NRerr], where Rlerr] is Hor a non alent al kyl

group with 1t 4 carb , ais Oor 1 and L is adlvalent nki png group.
5 14. Mdrogel ml nal

si | i cone- cont ai ni ng HH t eLATOMNf he ou

met hacr yl oxypr pyI rimet hyl SI )SI | ane, pent hyl di si,| oxanyl

nmet hyl net hactyl ) phenyl tetrafethyl-disilo k
acryl ate, 3- 10

con i sting of

nethacryloxypropﬁ%bls(trlnethyIS|ony)nethfis|Iane
met hacr yl oxypr opyl pent anet hyl di si | oxane and
met hyl di (tri net hyl sil oxy) - nmet hacryl oxynet hyl sil ane.
N, N- di met hPtrugeFs Vani de. 15 15. The silicone hydrogel of claim 11
wherein said reaction m xture conpri ses hydr oxyal kyl am ne-functi ona
silicone-containing nononer as 10 to 60 wei ght percent of the reactive
conponent s 8. aliké kiliestl hyglirdget @ Ratif Mt Mhereligsad ReWdton Atixtdft fivthed coMpOsts a
percent of the reactive conmponents, and hydrophilic nmononer as 10 to 50
wei ght per dgdrophilic mogpmene reactive conponents. 20 16. A soft contact
| ens conprising a silicone hydrogel polyner prepared by curing a
reaction mxture conprising a |inear or branched, block or random
hydr oxyal kyl afHeRficone hydrbgdl of Ligines w%ﬁeirpﬁnﬁnmmcnh&qmsmpwctedcm theSi NQ
the foll owi ng structure:

group consisting of N N-dimethyl acrylamide, 2-hydroxyethyl methacrylate, glycerol

methacrylate, 2-hydroxyethyl methacrylamide, N-vinylpyrrolidone, polyethyleneglycol

10  monomethacrylate, methacrylic acid and acrylic acid.

10. The silicone hydrogel of claim 1 wherein said reaction mixture further comprises an

additional silicone-containing monomer.

15 11. The silicone hydrogel of claim 8 wherein said reaction mixture further comprises an

additional silicone-containing monomer.

12. The silicone hydrogel of claim 11 wherein said additional silicone-containing
monomer is a polysiloxyanylalkyl (meth)acrylic monomer.

20
13. The silicone hydrogel of claim 11 wherein said additional silicone-containing

monomer has the structure:

(CH3),
e Koy Pl

Structure XV
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' |[§r(r)]to 500 and mis O to 500 and (n + m = 10 to M‘I"””'”"'ﬂ%ﬂm ‘"I R[err]

Rlerr], Rlerr] and Rlerr] are independently a nonoval efit al Kyl s or aryl
- group, which may be further substitut ed wi th al cohol, ester, am ne,
ket one, carboxylig, acid or ether groups Rlerr] and R err]

are i ndepeﬁﬂ@ﬁ? DR aisdd 96 ke Atis AR\ an(bf()fzﬁa?h qgREuB B Wd R aspjndspendgpther 5
substitut eqn e);l hbe%lea#l?e%Pf)(} ra Sgﬁ&alep otxg é:(h% O&%‘lprl%ﬁl *%989{ Illtg 186 'repeg, ing Sl

group, or

10 [er rsln-o units, Pti§ ¥abuoer El(3-q), X mvabrNké’ vierd BY i§ BRér @inoh@ﬂﬁént@ﬂ% of
Rlerr], Rerr], and Rlerr] are accor di ng to Structure I, wherein 10 err]

i s a di val @ieumwithil tgdeabossets 891 1( @d leisq Jipalent|linkinggreups is from 1 to 10:
R[err]ngnd Rlerr] are independently H, a nonoval ent al kyl or aryl group
whi ch may be further substituted wth an al cohol, ester, am ne,

ket one, cargoxyé i klﬁ(:(ﬁ\% 'h?dx‘?:?ele&*&%m qn %exﬁ’ Ealﬁ‘ @dditional sﬁn&ﬁhef &)ln{a%&bé’ 9

structure: [err Structure where Rerr], is H,
or a nonovah@imep o spteetedfainh Eheggrmmocmlslsmgeﬁ ng acryl oyl, met hacr yl oyl ,
styryl, vinyl, all ct R err oval ent
alkyl or et h%rx)P’¥yg>r Bleteisonaniage atamatipiffloe &mﬁhﬂm%ﬂ%ﬂaﬁ%
ester, Rﬂc?é){ acid or eth gf oups, or a )
pol ymer i zagﬁe ’gﬁ‘%ﬁ’%ﬁ%&ﬂ Sl r?hétﬁylr yl ate, nethacr ngt e, styryl, 20 V|3nyl ,

allyl ao I\I—methgd:ylb@qirqmlbxRﬁrﬁﬂﬂft]xylsxlab@)rmdthﬂsﬁdna[ err] are mdependently H a
nonoval ent al whi ch can be further substltut ed with

al cohol , edp acrﬂﬁﬂi’éol)ylll&“%thyé‘g?‘%ﬂﬂ i ¢ aci#dor methyldiftrigietiyfsdoxpr

Rlerr] and xﬂtﬁi&}loxﬁﬁetﬁ[l%ﬁﬂe and R[err] can be bonded together to forma
ri ng

N,N-dimethy! acrylamide.

15 15, The silicone hydrogel of claim 11 wherein said reaction mixture comprises
hydroxyalkylamine-functional silicone-containing monomer as 10 to 60 weight percent of
the reactive components, additional silicone-containing monomer as 20 to 50 weight
percent of the reactive components, and hydrophilic monomer as 10 to 50 weight percent
of the reactive components.

20
16. A soft contact lens comprising a silicone hydrogel polymer prepared by curing a
reaction mixture comprising a linear or branched, block or random, hydroxyalkylamine-
functional silicone-containing monomer, comprising the following structure:

R2 4 6
R
R! Si— 0 Si — 0 —— St —R®

LT

m

25  Structure |

wherein:

et Has Been Replaced

"

3

Pk



-structure, with the proviso that at |east sone of the Structure Il groups

25 MO o Cort ontact 1 ens of i ol IMBILIHEN Mo <i ng
an additional si |l i cone-cont ai ni ng nononer *and & hydr éphtlic

MONOMEr.  pis 0 to 500 and nﬁ§0to§b§aﬁ&’€r{+ﬁg f o dgpns of claim 17 wherein said
hydr oxyal kyI am ne- function i cohe-cont ai ni ng nononer is:

[err] R% R' R’ R® asdiR] aadmdbpcmdeﬂxtlssa hloaovaem (lﬂd:y&ldillam] greuy vetich may be

3- et hacry, trimet hyl sil oxy) met hyl si |l ane, and said
hydr ophi | i ﬁ% E@“‘PQ W\Fhr@mhﬁ’eteﬁyb amine, ketone, Ay %%Of& er groups, and 19

The soft NRAGH] IR®NSe NN : aﬁénﬂéﬂﬂylatsm%&a?ér@ aﬁ& f,%r Q}'ﬂ g?&ﬁf)auﬂéharmfﬁe further

functional é I cone-con nonomne
5  substituted with an alcohol, ester, amine, ketone, carboxylic acid or ether group, or have

the following structure:

R10

—— R— N

Rl
Structure 11
with the proviso that at least one of R', R®, and R® are according to Structure 11, wherein

10  R’is a divalent alkyl group such as (CH,)— where s is from 1 to 10,

R' and R"' are independently H, a monovalent alkyl or aryl group which may be further

substituted with an alcohol, ester, amine, ketone, carboxylic acid or ether group, or has

the following structure:

15 Structure I
where R"™, is H, or a monovalent polymerizable group comprising acryloyl,
methacryloyl, styryl, vinyl, ally! or N-vinyl lactam; R'® is either H, a monovalent alky! 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,
20  vinyl, allyl or N-vinyl lactam; R, R™ and R" are independently H, a monovalent alkyl or
aryl, which can be further substituted with alcohol, ester, amine, ketone, carboxylic acid or
ether groups, or R'Z 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 II groups on the monomer

comprise polymerizable groups.
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[err] 15 Structure XV, ) “!Il“cl "le “I'!I nIISI " |!||

17. The soft contact lens of claim 16 further comprising an additional silicone-containing

monomer and a hydrophilic monomer.

18. The soft contact lens of claim 16 wherein said hydroxyalkylamine-functional silicone-

5  containing monomer is;

0 o OH ‘ H
AN W n \,,Cbo\ﬁ/”\

said  additional  silicone-containing monomer is  3-methacryloxypropylbis

(trimethylsiloxy)methylsilane, and said hydrophilic monomer is N,N-dimethyl acrylamide.
10

19. The soft contact lens of claim 16 wherein said hydroxyalkylamine-functional silicone-

containing monomer is;

OH

OH

N /\/\f<< O\/gi%(l\/s'\ﬁ o
g H
H
H
H H
H
15  Structure XIV.
33
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