WO 01/ 07523 PGTI USOQ | 6891 TI TLE: CONTACT LENS MATERI AL BACKGROUND COF THE
| NVENTI ON The present invention generally relates to silicone hydrogel
conposi tiwosvemse3 ul as bionedical devices, such- as cont T/USeHS8Y and
intraocul ar I'enses. Polyneric silicone rrat erials have been used in a
variety of bionedical apppjgati onﬁo MaFEigrl e, in contact

| enses and i ntraocul ar Ienses uc erla S can generally be subdi vi ded
into hydrogels and non- hydré) ‘ﬁi@ > constitute
crosslinked pol yneri c syst é . Etai n water in an

i ght per cent - TP e”%%ﬁ%#@?%&ﬁ%@? SRR AR °

percent. Suc rigls are _usua repated b nerizing a mxture
cont ai ni ng %t 1%%@@?353 faces; ’r‘ﬁchaﬁ@'ﬁfh‘%ﬁ?laﬁémﬁﬁﬁm%%d at |east one
“hydrophilic nmon . Either the silicone-containing nomer the =
hydr ophi | i ¢ rmn(?ﬁ?m%ﬁﬁl m&ma&vab@aaebwaggﬂlmwagetagighmeélcaﬁrossl i nker
bei ng defined as monomer having multiple polynerizable functionalities)
or a separ aap@heab@gslmﬂwbng,rfavm@phrm@y@atlege$ pndoineacopler lsgssss Seefbi ne t he
beneficial properties of hydrogels with those of silicone-containing
pol yners ( Kmatetids cammgenktally be sutdividedinto hydwogklstand nen-bydrogele rSilicong &
| ndustry, pp. 651-655, 21 August 1995). Silicone hydrogels have been used
to produce lwdmgﬂmnstitemsrdsklhﬂced polymesies systemsithaslcaw ahsghrandaetaipaipténio gn of
pol ydi net hyl si | oxane (PDMS) materials with the confort, wetting and deposit
resi st ance equflibrinnvstate amdhgdnerally-havea watdy chntge rtateMhao atus S tafeight hereent been
found to be particularly useful for preparing silicone- containing contact
| enses ar e ddindre esimonliybetweelabeuitt10N9 abouf 80 3RighbpErceht. LSithdatérialslard 89, 546;
4,208, 506; 4,217,038; 4,277,595; 4,327,203; 4,355, 147; 4,740, 533;

usually prepared by polymerizing a mixture 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
érosslinker Béing defined as a._mb_nomé.r having multiple polymgrizable ﬁmcﬁonﬂiﬁgs)
or a separate crosslinker may be employed.

 Silicone hydrogels combine the beneficial properties of hydrogels with those of |

silicone-containing polymers (Kunzler and McGee, “Contact Lens Materials”, Chemistry
& Industry, pp. 651-655, 21 August 1995). Silicone hydrogels have been used to
produce a contact lens that combines the high oxygen permeability of

' polyd1methyls1loxane (PDMS) matenals w:th the comfort, wettmg and dep051t res1stance

S of conventlonal non-ionic hydrogels o | |

Monomers that have been found to be particularly useful for preparing silicone-

containing contact lenses are described in U.S. Patent Nos. 4,136,250; 4,153,641;

4,189,546; 4,208,506; 4,217,038; 4,277,595; 4,327,203; 4,355,147 4,740,533;



WD 01/ 07523 PCT/ US00/ 16891 4, 780, 515; 5,034, 461; 5, 070, 215; 5, 310, 779;
5,346, 976; 5,374,662; 5,358,995; 5,387,632; 5,420,324; and 5, 496,871. U. S
Pat ent No._4 641( Dei chert et al) discloses contact from
pol y(or gan‘xgmjl‘% ne) nononers which are a,co termnally b%ﬁ%&ough a
di val ent hydrocarbon group to a polynerized activated unsaturated group.
Vari ous hydaasoshbs;s,03461C5070,218)15:810/7719 846,976y H874,6621 S{858995;

1, 3- bi s( et hacryl oxyal kyl ) - pol ysi | oxanes were copol ynerized with known
hydr ophi | i c 5[38n@BEI5420,828; afd 5496/8oxyet hyl methacrylate (HEMA). These
materials were used to produce | enses which had a | ow water content and a

hi gh modul us (grees. PatehtRE. 43153,601Dkichdit & al) Wicioves Séhtach1eabek rivdlfe fiohiti et al )

describes a silicone hydroge which is conprised of an acrylic

Fe)z][ §gl I oggﬁ?:ﬁ@ ¥§i€ ﬁiisﬁ?%cry B?W\g@%%arr%ﬂé‘ lﬁﬁ@ﬁgg@?%ﬁhé& op | lic

2s NeD, . comelrabol Epl LR fRRE "°Xa§1?§tf§ssn§ o lous BBt """
oveat 0L g bttt el b sl ety
2eryl i e or %poiw S5 PR YR “ﬁw@%ws%&h%h%&%?mﬂ%e@e' o

acceptabl e, _the npdul us of the e | enses can be hi whi ch may result in
damage to t KEEMAX Ffépsealatemadwpreaﬁeﬁ fogweduce lansss &éﬂdgﬂpwgﬂ?émqoefewe based
hydrogel s utilizing M2D,, as the base prepol yrrer has mai nly invol ved
copol yner i ziapga high rmd@bw(gmtprmmmglmbm lic nonomers, such as

di met hyl acryl am de and N-vinyl pyrrolidone. Silicone is hydr ophobi c and has
poor conpat i bi | B RatentiNny&3 5 (Lei eval) dessribes asilieanc ydrpzolivdich ise M2 Dx
prepolynmer is of high nolecular weight. Poor conpatibility results in
phase separ sowprisedvdqu acrylic estirasapped polysiloxane prepolymer, polymerized with a bulky

polysilokanyalkyl (meth)acrylate monomer, and at least one hydrophilic monomer. The
agrylic ester-capped polysiloxane prepolymer, commonly known as M,D, consists of two
acrylic ester end grbups and “x” number of repeating dimethylsiloxane units. ‘The
preferred bulky polysiloxanyakyl (meth)acrylate monomers are TRIS-type
(methacryloxypropy! tris(trimethylsiloxy)silane) with the hydrophilic monomers being
either acrylic- or vinyl-containing. While the properties of these lenses are acceptable,
the modulus of these lenses can be high, which may result in damage to the epithelial
layer and poor comfort.

Designing silicone based hydrogels utilizing M,D, as the base prepolymer has
mainly involved copolymerizing the prepolymer with hydrophilic monomers, such as
dimethylacrylamide and N-vinylpyrrolidone. Silicone is hydrophobic and has poor
compatibility with hydrophilic monomers, especially when the M,D, prepolymer is of
high molecular weight. Poor compatibility results in phase separated, 6paque materials.

2



2 WD 01/07523 PCT/USQOQ 16891 This can be particularly problematic when
preparing hydrogels to be used as optically clear contact |enses. Reducing

t he nol ec | ght of the M2Dx prepol yner can inprove :
I nconpat i-gJiqa'{Ifoy»}% Unfortunately, |ow nolecul ar wei ght NQD(EE@PS%%'IG?/%HS

typically result in hydrogels of high nodulus. This is a direct result of
t he hi gher Thisxaalbi phrtidelady psobleinatic wberepieparingdiydrogtla to beusgii as aptivellyased
hydrogel s. In designing a | ow nodul us silicone hydrogel based on | ow

nol ecul ar \utdagbdntachRBbespr epol yners, one approach can be to use high
concentrations of hydrophilic nonomers. The | ower nodulus for these

materials is a Reawdihg thé nidltulal geight ofaheM,Dopregulimercoad ithproee ther oss- | i nk
density. The major drawback of this approach is that the higher water

cont ent  matifdonipatibilfs IBHorthrANEY, 10w dldculal weiskoMiD repttahers typjcaligusult 0 t he

|l ower concentration of silicone in these materi al s. The low | evel s of
oxygen per%ﬁ?drb%érllé’oﬂﬁ@mﬂ@dlué!’ﬂﬁﬁl@'aw&eﬁﬁfw r Woadlink dshsiglof | ens

appl i cation. Anot her approach in the devel opnent of |ow. nodulus. silicone

hydr ogel s %g%wﬁﬁl&ﬂwmmbami@ §g@_Dx prepolynmers is through the

i ncor poration of e nmno ) h?cry oXypr opyl _
L1t 014 S 405 o Sikond RS 6008 GR LGB S
el S v, SO bod SRS TR ok Bttt
T omonomaP ot TR Rl Jobes i Eft bF o BlprbwbEiene
ol s by TKRNE g TSR TR MR AREPE o0 it Bt it P R§HFogel
w thout a S\nila er;]-icznilt(e:rzlitr:1t1attz.r§1a sur():c}sLe_%Q loiwrt]zr fevelf of oxygen permeability, due to the lower
concentration of silicone in these materials. The low levels of oxygen permeability are
not suitable for continqéus wear contact lens application. |
Another approach in the development of low modulus silicone hydrogels based
on low molecular weight M,D, prepolymers is through the incorporation of the monomer
methacryloxypropyl tris(trimethylsiloxy)silane (“TRIS”). Higher concentrations of TRIS
results in hydrogels of lower modulus, but lenses made with high TRIS levels overall

tend not to perform well in clinical studies.

The development of low modulus hydrogels based on low molecular weight
MQDx prepolymers may be accomplished through the addition of silicone
macromonomers, such as those taught by Y. Kawakami in Polymer Journal, v. 14, p.
913, 1982. High leveb of silicone macromonomer may .reduce the modulus by lowering
the cross-link density of the resultant hydrogel without a significant reduction in oxygen
permeability. The major disadvantage of this route is that the methacrylate based
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perneability. The major di sadvantage of this route is that the nethacryl ate
based 3 Hill. WO 01/07523 PCTNS0O0/ 16891 silicone macronononers are very

di fficul t wopo1gseBhesi ze. The synt hesis of sil oxane macr OPERIGSAOAE8I equi r es
several steps. SUMWWARY OF THE | NVENTI ON There remains a need for a contact

l ens materi gl having the high ox r L]t f : .
pol ysi | ox ans@c@gﬁ%%nhoggwg%ﬁ Yﬁ%?ﬁﬁf}g&%ﬁg@g&éieﬁoﬁalgl%@hf%wfﬁgug to be
used as a contact |lens. The approach taken in this invention alters the
$i li cone- c%ﬂ?%?‘ﬁ?%emﬁﬁsrseg 8ct the pol yner properties. By |oweri.ng
the methacrylate functionality of M2Dx , the cross-linking density is
reduced. This can be done by renoving a percentage of the nethacrylate
groups on the end of the prepol yner. These inproved polyner silicone
hydrogel conpositions are foREMs ail PN eRrat i on product of a
nmonomer m xture conprising a silicone prepolymer havi ngu. t he gener al
formul a: | 37 A-Thergpemainsa neey forja captpeylensimgterjabhaying the high oxygen ( cip) b- - A
(1) R2 Rg R6 R8 Rio wherein;, A is an activated unsaturated radical; A is
ei t her an apsringahlidyjofmpelysilozansccontaitiingprepolymer, xethave g modplus Rw enRugh ta e
I ndependently an al kyl, fluoroal kyl, al cohol, ether, or fluoroether group
havi ng 1- 10e wsed bomsontant lens. Theoapproach (pkenijn thisinvegtion dlersthelsilicone-m n, and p
are independently O to 200, m#n+p being from about 15 to 200;

containing monomer to affect the polymer properties. By lowering the methacrylate

functionality of M,D, , the cross-linking density is reduced. This can be done by
removing a percentage of the methacrylate groups on the end of the prepolymer.

These improved polymer silicone hydrogel compositions are formed from the
polymerization product of a monomer mixture comprising a silicone prepolymer having

the general formula:

TI 1I13 Rs 7 Ry
I
A— (CHy)—Si— [o—ls:]m (0] ls.]n (0 ls,x]p——o—Si—f (CHp)y—A' o
Ry Ry Re Rg Rypo

wherein;

A is an activated unsaturated radical;

A’ is either an activated unsaturated radical or an alkyl group;

R,-R,, are independently an alky], fluoroalkyl, alcohol, ether, or flucroether group having
1-10 carbons, or an aromatic group having 6-18 carbons;

m, n, and p are independently 0 to 200, m+n+p being from about 15 to 200;
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4 WO 01/07523 PCT/US00/16891 a is | to 10; and bisOtol0, wherein the
silicone prepolyner is prepared by the reaction of dinethacrylate

di si | oxango otM¥sk3s and cyclic siloxane (D) in the presencepofusovwiesstal yst,

t he i nprovenment conprising adding at |east one disiloxane (T2) having the
forula: RI2Z R14 | I RI11 Si Oi-R16 R13 RI5 wherein R -R,, are

i ndependen?ll%/lﬁ’rﬂoél“?&/l group- having 1-5 carbons, to the reaction mxture
used to formthe silicone prepolyner. In particular,.this invention is
directed t8ipPtpkhing a M2D,, based prepol yner-that  is ‘endcapped with
trinmethylsilyl (TM5) as shown in fornula I1: CH3 CH3 C 3 CH3. A (CH2)a i
[p- ~m[p whefein the pificanegrepalymerisprepared hysthepeactigmof dimethacpilate disiloxang., " j s 15
to 200. 5 110[ WO 01/07523 PCT/ US00/ 16891 Note that prepolyners of fornula
Il are a sfMdg)iand cydlicsiloxenk D) inthe:presence)of an catalyst, the improvement comprising

adding at least one disiloxane (T,) having the fomula: :.

wherein R,,-R,, are independently an alkyl group having 1-5 carbons,
to the reaction mixture used to form the silicone prepolymer.
In particular, this invention is directed to preparing a M,D, based prepolymer that

is endcapped with trimethylsilyl (TMS) as shown in formula II:

T e T L T

A— (CHZ);_T_[O_Tﬂm [O Ti]n [O—."Tx'jp -O0—Si—CH;

CH, CH; CHs CHs CH;
n

wherein m+n+p is 15 to 200.

]



and RO, R ,, and A are nethyl groups. Applicants have found that the above
preparation of making the prepolynmer is especially effective in inproving
t he fl exi wootorsasf pol ymer silicone materials and hence RGRIESWOAEEH he
nodul us of silicone hydrogel copolyners, in contrast to previous sil oxane

conmpounds whi ch wer d K@ EE ggg] i

trimethyl silyl ﬁ@%ﬁ%aﬁ{/eﬁ%?ﬁ‘g rﬁ{i&ﬁagﬁ‘%%dsp% - en gg%ge pBrMesrggToyrrer S
easy, requiri ewey st eps nd conponents than previ ous nethods. The
hydr ogel ?‘?éirn‘?’e#”?'&d%sﬂg eétfyi??oﬁgseful in bi onedi cal devices such as soft

contact |enses, intraocular_|lepnses eart val ves and.ot her pr heses.
DETA! LED DESCRI PAPRIGRRS bivefod e m%“%?é“aﬂ%ﬁ?ipﬁﬁé‘i%ﬁsbes a
novel approach to the design of | ow mdul us,. sjilicopne hydragels,based on
M2DX pr epol §Refially effretiypinimproving M?@blﬁfy qtipolymer siisons Maeril aag hencs
"built-in" podulus reducing functionality: a trinmethylsi Ilellyl. ngl\@ endcap.
| ncr easi ng lowseng heauerdulugal silicene hydepgshaopalymers, Iy contrad R, BieKigus itpxane
concentration of the nethacrylate cap) results in |ower nodulus, |
t r anspar ent campquaghwhich averabthacylatesudcappedeand aot endeanped it timethyhsibdr ¢ or
oxygen perneability. These inproved polyner silicone hydrogel conpositions
are forned Thosynthesis of thesh, i, TMS-endcapped prepolymen isreasi, mequiringdewerstensnpr i si ng
a silicone prepolyner having the general fornula: 6 WO01/ 07523
PCT/ USO0/ 16 sisitlcomponér@s-Ehpn previoup thefliodsn [0- Silj-[0= Si]p-OSi- (CH2)b-Al a |
... 1 (t R2 R R6 RB RLO wherein;

The hydrogel material is especially useful in biomedical devices such as soft

contact lenses, intraocular lenses, heart valves and other prostheses.

DETAILED DESCRIP F P D

This invention describes a novel approach to the design of low modulus silicone
hydrogels based on M, D, prepolymers. The M,D, prepolymers of this invention contain
a “built-in” modulus reducing functionality: a triméthylsilyl (TMS) endcap. Increasing
the concentration of the TMS endcap (or reducing the concentration of the methacrylate
cap) results in lower modulus, transparent silicone hydrogels without a reduction in water
transport or oxygen permeability.

These improved polymer silicone hydrogel compositions are formed from the
pol};merization product of a monomer mixture comprising a silicone prepolymer having

the general formula:



A is an activated unsaturated radical; A is either an activated
unsaturated radical or an al kyl group; R -R10 are independently an al kyl,
f1 uor oal kyb g144ss0hol . ether, or fluoroether group havi ngecrusbonesar bons, or
an aromatic group having 6-18 carbons; m n, and p are independently O to .
200, mtn+p being fromabout 15 to 200; a is 1 to 10; and bisOto 10,
wherein the siliconeprepolgner is gyeparedfby the fseaction of
di mret hacryl ate di si I|oxane ]-%M and ¢yclic s|loxane |(D) in the presence of
an cat al ysta—t(bg,)i-rsievgorersieompr- Sizrgl0adSimgOatfieaéethbneAdi si | &ane
(T2) having the fornula: i |+R12 R4 R Si r--R1 R13 Rls 7 WD 01/07523
PCT/ USCO/ 16891  whergj n R11R,R16 ‘ar eR§ ndepenBent |y ®w al kyl group having 1-5
carbons, to the reaction mxture used to formthe silicone prepolymer. Wth
respect to A, A of formula I, the term"activated is used to describe
unsat urated groups which include at |east one substituent which facilitates
free radical polynerization, preferably an ethylenically unsaturated
radi cal . THP&eIMci udes esters or anides of acrylic or methacrylic acid
represented by the general fornula: X wherein X is preferably hydrogen or
met hyl  but Aiggn pstiveied ansppraled |disahs, e g., cyano, and Y represents -0-,
-S-, or -NH., but is preferably -0-. Exanples, of other '

A is either an activated unsaturated radical or an alkyl group;

R,-R,, are independently an alkyl, fluoroalkyl, alcohol, ether, or fluoroether group having
1-10 carbons, or an aromatic group having 6-18 carbons;

m, n, and p are independéntly 0 to 200, m+n+p being from about. 1510 200; . .

ais1to 10; and

bisOto 10,

wherein the silicone prepolymer is prepared by the reaction of dimethacrylate disiloxane
(M,) and cyclic siloxane (b) in the presence of an catalyst, the improvement compris'ing

adding at least one disiloxane (T,) having the formula:

m



sui tabl e activated unsaturated groups include vinyl carbonates, vinyl
carbamates, fumarates, fumaram des, naleates, acrylonitryl, vinyl ether
and styrl. woemtréacryl ate di sil oxane (M2) is represented bycitsoaegver al
formula: H2 CH3 ?H3 r Si /Sir HBC 4 Ol 4 CH3 O CH3 CH3 O 8 WD 01/07523
PCT/ US00/ 16891 .Cycl ic siJlgxan D) be apy.cyclical conpound and
substitute a‘ﬁé‘fr?)'aqsﬁlﬁ H%’H&W@“‘iﬁ“‘wéﬁg@é@w%‘ﬂ%féﬁé »gr oups. . Exanpl es
include 1,1, 3, 3-tetranethyl -t, 3- _disil a-2-oxacycl opent ane,

hexamet hyl cy@l%?ﬁ‘?céppdwé‘ﬁ‘ée%%@%ﬁﬁmemwe&si | oxane or m xtures

t hereof. The pr ef&r ed Dis octanethylcyclotetrasiloxane (D4). The
preferred T2 is hEXAFSPeRSLo & A plformula L fhe tezm “agtivated is wsed kg despiibe ol | owi ng
formula: CH3 H3 CH3 Si Oi-CH3 CH3 CH3 The catal yst used nust be able to
cl eave Si - O WspyEtedigrouns whiehhinelude|leagbonesubstitadnt whichifgcilitatee freé radinal de
acid, HCl-FeCl3 (hydrochloric acid-iron(lll) chloride conplex),

concent r at edPelymerizetien, preferablyian ethylenically umsatunatextragical. (Fhiicinthudes dsters oraci d.
The preferred acids are concentrated sulfuric acid and triflic acid. The
present i nveamidesofaorylic opmethesrylioacidreepresented pyihe Beharalformylaepol ymer

m xture with bul ky pol ysiloxanyl al kyl (neth)acrylate nononers and at | east
one

wherein X is preferably hydrogen or methy! but may include other groups, e.g.,
cyano, and Y represents —-O-, -S-, or -NH-, but is preferably —O-. Examples of other
suitable activated unsaturated groups include vinyl carbonates, vinyl carbamates,
famarates, fumaramides, maleates, acrylonitryl, vinyl ether and styrl.

Dimethacrylate disiloxane (M,) is represented by the general formula:

H, (l:H3 TH3 ITHZ
H;C A Ti\o/ ISiWT\CPh
0 CH; CH, O



hydr ophi Il i ¢ nononer. The pol ysil oxane prepolynmers utilized in this

I nvention are those having mtn+p equal to about 15 to 200 repeating

di met hyl swbexesgs units. Preferred pol ysil oxane prepol yneeusioaedonose
havi ng about 25 to about 50 repeating 9 'rl~l WO 01/07523 PCT/ USOQ 16891

di met hyl si |l oxane units. Moire preferred pol ysil oxane prepolyners are those -
in which there are 25 repeating dinethylsiloxane units. It is preferred
that the total concentration. of the prepolynmer is endcapped with 1 to 70
mole %trialkylsilyl, preferably 25.t0-50 nole %trialkylsilyl and nore
preferably 40 to 50 nole %trialkylsilyl. Thus, ° prepolyner" as used
herein denotes a conpound havi ng fornmul ae (1) and (11): R A (CH2)a S

[O Sl]m[0|£w£I [ p--Oi i--'- (CH2)b_'"A R2 R4 R6 Rs Ro CO CH3 H3
CH3 Cl I L lc(sdmxpa(lg mgyhe any|cyglgabampoandsandapbstitute analpgsCH3 CH3 CH3
CH3 CH3 (u) These MZD., , TMsS-endcapped prepolynmers are extrenely easy to

synt hesi zecontiiming giicast 3 sificoneraxiygersgrotipsa Examplés nelude \t Aghi3-tattamgthybé 3+ ng
pol ymeri zati on conducted in a single vessel. The cyclic sil oxanes (D),
endcappi ngdisifpe2rogacdybidperdans, kkixaméthylepeetrisiliXanead octamethylcyelbtietrasilaxane r eact i on
vessel together with a suitable catalyst and stirred at room

or mixtures thereof. The preferred D is octamethylcyclotetrasiloxane (D,).

The preferred T, is hexamethyl disiloxane and is represented by the following

formula:

CH; TH3

CH;—Si—O T; CH; '

CH3 CH;

The catalyst used must be able to cleave Si-O bonds. Those agents include acid
clays, hydrogen fluoride acid, HCI-FeCl3 (hydrochloric acid-iron(IIf) chloride complex),
concentrated sulfuric acid, and trifluoromethane sulfonic (triflic) acid. The preferred
acids are concentrated sulfuric acid and triflic acid.

The present invention contemplates polymén'zing polysiloxane prepolymer
mixture with bulky polysiloxanylalkyl (meth)acrylate mont;)mers and at least one
hydrophilic moﬁomer. The polysiloxane prepolymers utilized in this invention are those
having m+n+p equal to about 15 to 200 repeating dimethylsiloxane units. Preferred
polysiloxane prepolymers are those having about 25 to about 50 repeating

9
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tenperature for a period of tinme. 10 WO 01/07523 PCT/ US00/ 16891 Silicone
hydrogel of this invention 'are crosslinked polyneric systens that can
absorb andve ei/@sss water in an equilibriumstate. These poPgFESM0068% st ens
are based on at |east one silicone-containing nononer and at | east one

hydrophilic,.no . bl Shicgvention
are fornmed W%@%ﬂ ﬁeg%mr%ﬁfe?ggp% %%g’r%ﬁg‘g%g gﬁ%greg%o fmer
m xture of this i entl.on FP:E unsat urated silicone-containing
nononer andiEEe e f@sﬁﬁ'@gﬁyﬁ?‘ﬁg‘ %8° WRomer . More  preferably, the second

unsaturated sili con noner rm.nof ne

si | i cone- cont ai n} ‘ﬁéﬁ&‘i@?& e °°ﬁ?@f’§?°§%?tj3’ﬂ°?‘ﬁ%° ACJQPF% %ﬁh

si li cone-contai ni ng nmpnoner is at |east Of th si sting
of bulky pH zpsmpvsifaﬁwlanlwyl pﬁfaawygémﬁ SHpon By s CUREY
Formula (111 R2-Si-R2 12 (CHZ)hsl OS2 RR 2, 3 RR2-SI- R2
wherein: X @ M%OEMM@Y}JRR“-W erg ps usehryein depates a comp ere R4
i's independently H or lower alkyl; R3 denotes hydrogen or methyl; his 1
to 10; and baihg feemulae (B paddBnt | y denotes a | over al kyl radical, a phenyl
radical or a radical of the fornula

I S S |
A—(CHy)— §i—[0—81 [0— Sile—[0— Silp—O0—Si— (CHa)y—A’

| A | ®

Rz R4 RG R8 RIO
T o ¢ T T
A— (CHz)a—-—Si—-—[O—Ti]m [O Tln [o——T:]p o |Si CH,
CH; CH; CH; CH; CH;
' ' (I

These M,D, , TMS-endcapped prepolymers are extremely easy to synthesize.
The synthesis consists of an acid catalyzed, ring opening polymerization conducted in a
single vessel. The cyclic siloxanes (D), endcapping agents (M,) and disiloxanes (T,) are
simply added to a reaction vessel together with a suitable catalyst and stirred at room
temperature for a period of time. -

10



SW3 wherein each RS is independently a |ower al kyl radical or a phenyl
radi cal . Such bul ky nononers. specif cally include nethacryl oxypropyl
tris(tri I.Loxy)silane ("TRI S"), pentanethyl disil ox e

et hyhne?ﬁ}gg’?‘{ﬁé&%e, 11 WD 01/07523" PCTNS00/ 16891 tri s(?ﬁ(moﬁﬁ%i | oxy)
met hacryl oxy propyl silane, phenyltetianethyl-disiloxanylethyl —acrylate,
met hyl di (tri met Sificend lydyggeistolf dhis nkentipmiete vrésskinkedpelynieric systems that can
[tris(trimethylsiloxy)silyl] propyl vinyl carbamate, .

3-[tris(tr absetthandsetaimwystar ih yh bqyilitrun state) Thiesepalynseninispsterasiate based on at
3-[tris(trinethylsiloxy)silyl] propyl vinyl carbonate. Preferred

hydr ophi | i teagfne siticonedntdifingmohisiherand wi lesst oge hydrophilicanodomeri ng. The term
"vinyl-type" or vinyl-containing" nononmers refers to nononmers containing

the vinyl pesfabbiy e (iGtéeBriiogals 6f @isdnebRfen ave!fimicdagtpolnerizingta hydr ophi l'i ¢
vinyl - containing nononers are known to polynerize relatively easily.

Acryl i c- coplobRbNUhicHBERIRNES tR pRepblyRARP AR ks FRBitRNDA S@odie acrylic

group (CH2=CRCOX) wherein R=H or ~and X=0O or NH, y\hi ch are also known
to pol ynmer ﬂs‘%nfrﬁ@&iéi}ié’one%ﬂ(g@b%ﬁnﬁo bhPAR1 IH8Riphilic BHOREE ' MoteNCl ude:
unsat urated carboxylic acids, such as nethacrylic and acrylic acids;

S hydr oxyePieirabtyife o6t sl licBe Conufifg ofBbBNbaTRAE Y, 00 O1C
bl - 748 e SEB i P A BB o o
ooy, ety g e e Wil o o
percent of p%ﬁﬁi%g’&f@ﬁ@&“%@%ﬁ?&“@%ﬁfﬁ gre %@@%%%an (tny: ?

RZ
|
Rz—?i—Rz
(CH: Z o f ' R?
\l__x/ Z)h ] . Iz
0 R
R} . )
R2—§1—R
RZ

(m

wherein:

X denotes -COO-, -CONR*-, -OCOO-—, or -OCONR*- where each where R* is
independently H or lower alkyl; R® denotes hydrogen or methyl; h is 1 to 10; and each R
independently denotes a lower alkyl radical, a phenyl radical or a radical of the formula

-SiR"),
wherein each R’ is independently a lower alkyl radical or a phenyl radical.
Such bulky monomers specifically include methacryloxypropyl

tris(trimethylsiloxy)silane (“TRIS”), pentamethyldisiloxanyl methylmethacrylate,
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percent, conprised of nonomers represented by fornula | and fornula 11
wherein the total concentration of the prepolyner is endcapped w th about

| to abouiyo/fieildse % trimethylsilyl, preferably about 2%pdrussvesgpr 50 nol e
%trinethylsilyl, nore preferably about 40 to about 50 nole %

trimethylsilyl; about 10 tq about 50 wei ght percent of a. nonofunctional

et hyl eni calt¥i§trypethylsiloryd m &*Mm#ﬁ&%r’nf’ Y-mﬁé‘?ﬂ"‘r‘%‘f’ﬁ%&éﬁ]ﬂr ably 12
WO 01/ 07523 PCT/ US00/ 16891 ahout 20 to_ about iQ wei ght percent of a

fronof unct i GWelatemgthdditeimethylsiioxwmsthacioxymethy 5‘F?€§£nt ai ni ng nononer, nore
preferably about 20 to about 40 wei ght percent of a rm,nofur,lcbi onal

et hyl eni cal insComsthylsilexpsily] propytiany sarbamate dr trsimethylsilgry)silyl propyl o

about 70 wei ght percent of a hydrophilic nononer, preferably 10 to about 50
wei ght peraagh@armae,md6dpis(uimttvyfsﬂewsi,lyl}mmylmm eathenale. about 20 to about
40 wei ght percent of a hydrophilic nononer. An exanple of a silicone

hydr ogel made f rRyefetréd bydrophitid monomersimaj be eithey acryliG-®r vinyl-comssinimgp Abpol yrrer
that is endcapped with 50 nole % TMS, about 35 parts of a hydrophilic
nmononer, ahemi “Abylpgpd or ¥vinyd-oomtainingli mohomesirefets iy monomers cyntamingdbeir at ed
silicone-containing nmononmer. O her conponents, such as a diluent may be
added and a¥ifyl@rGipiSE@H,2CHR)and fre gemsrdllyareactivi!t Siich Hytrdphiticpident i nventi on
may include additional constituents such as UV-absorbi ng agents, internal
wetting ageddhfainify thoftrhérs afe kndWieoBélymetizd fefativélp eAHNI9NAElie-G6nthining O
colorants such as those known in the contact lens art. . Conventional

curing net hadsonidls AL ¥ ohbMBrs RoMkiniY thé hirylid Goas (CHECRCOX WIS such as

WV pol yneri zation, thermal polynerizatlion, or conbinations ‘thereof, can be

used 10 Cask=fiapes, SRNREDYor NH wHifPare K0 KB ol tferizE Fadfipll ca 1 her mml

pol ymeri zation Initiators can 'be organi c peroxi are  usual ly present
I'n the Examples of suitable hydrophilic monomers include: unsaturated carboxylic

acids, such as methacrylic and acryiic acids; acrylic substituted alcohols, such as 2-
hydroxyethyl methacrylate and 2-hydroxyethylacrylate; vinyl lactams, such as N-vinyl
pyrrolidone; and acrylamides, such as methacrylamide with N,N-dimethyl acrylamide
(DMA) being the most preferred. Other monomers include glycerol methacrylate and 2-
hydroxyethyl methacrylamide.

Silicone hydrogels of this invention are typically formed by polymerizing a
monomer mixture comprising: about 10 to about 90 weight percent of a prepolymer,
preferably 20 to 70 weight percent of a prepolymer, more preferably 20 to 50 weight
percent, comprised of monomers represented by formula I and formula IT wherein the
total concentration of the prepolymer is endcapped with about 1 to about 70 mole %
trimethyisilyl, preferably about 25 to about 50 mole % trimethylsilyl, more preferably
about 40 to about 50 mole % trimethylsily}; about 10 to about 50 weight percent of a
monofunctional ethylenically unsaturated silicone-containing monomer, more preferably |

12



concentration of about 0.01 to | percent by weight of the total nononer

m xture. Representative UV initiators are known in the field such as,
benzoin }o.’ Siher, Dbenzoin ethyl ether, 1164, 2273, pétfisoosdsl, 3331
(EM I ndustrie and Irgacure 651 and 184 (G ba-Ceigy). In the preferred
enbodi nent, Darocur 1173 is the LTV initiator. Pol rrerl zatlon of the
prepol ymer wOuttmlt@abmé%wsmhtmmtd&mpmfmoy#ﬁhy epwhEated, per f or ned
in the presence of a diluent. The diluent is generall rem)ved after 13 WO
01/ 07523 PGilichistontf8i8g mopaingmmorezpreferablyatout 2(htoabout %wmglmwm. ’
extraction and hydration protocols well known to those skilled in the art.
Repr esent atnonefitictiomh tthylenieallyi wisstnratddesilivohe-contdining aonaees iand about §tes,

et hyl enegl ycol, glycerine, liquid polyethyl eneglycol, |ow nolecular weight

| i near pol wBytr7oxyeiit yerowitbfia hydrapltlic mphomer, prefiarsbly 1@fo dbaut 0cweightd,

formam des, ketones, dialkylsulfoxides, butyl carbitol, and the Iike.

Preferred deldefitifa Hydf ?M@M&ﬁ&ohﬁﬂefmﬁﬂmmmdbsumm;gﬂmte to

performthe polynerization in the absence of diluent to produce a xerogel.

These xer oggh hydRyhilie 8lonbiBer) YA &afibid oF of MicBhENFHrOEEE hiad@ fomIhidiiventidgnown i n

the art. The nbnonmer m xture may include a tinting agent, defined as an

agent t hat wfi6e abdlf 96 BAHSUES Prpdlyintd st nalabad witi B0 slofe HTNES (logirce Of

color to the~lens. Conv |ng agents are knovvn |n the art,

| udi | ud
an 2ot va unsai’%?%df@%%“?‘aﬁ%%sﬁb e ey g

an actlvate eactive wt elesformng
f
LA bis(a- O (“2‘5 Slibfiles R e er%é’r éﬁ@ﬁ%ﬂ&%@&#@%&f%%n%&%ﬁ@ﬁ%}%

visibility ti ent sclosed in U S. Patent No. 4,997, 897
(Mel pol der) d%?ég%fﬁw‘g seﬂ:b% ﬂ’re may al so include a Uv- absorbl ng agent,

defined as an

¥

The monomer mixture of the present invention may include additional
constituents such as UV-absorbing agents, internal wetting agents, hydrophilic
monomeﬁc units, toughening agents, or colorants such as those known in the contact lens
Conventional curing methods in polymerizing ethylenically unsaturated
compounds such as UV polymerization, thermal polymerization, or combinations

thereof, can be used to cast these monomer mixtures. Representative free radical thermal

polymerization initiators can be organic peroxides and are usually present in the
concentration of about 0.01 to 1 percent by weight of the total monomer mixture.
Representative UV initiators are known in the field such as, benzoin methyl ether,
benzoin ethyl ether, 1164, 2273, 1116, 2959, 3331 (EM Industries) and Irgacure 651 and
184 (Ciba-Geigy). In the preferred embodiment, Darocur 1173 is the UV initiator.
- Polymerization of the prepolymer of this invention with other copolymers is
- generally performed in the presence of a diluent. The diluent is generally removed after

13
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agent that reduces light in the general region of 200 to 400 nm
Representative polynerizable UV absorbing materials for contact |ens
applicati oﬁ,gzgjescri bed in U S. Patent Nos. 4, 304, 895p¢t/ustvacss),
4,528, 311 eard et al), 4,716,234 (Dunks et al) ;- 4,719, 248 (Banbury et
al), 3,159,646 (Mlionis et al), and 3,761, 2,72&&‘ 'h&;us et al‘)q. g%g%l es of
UV- absor bi nBolymesization and replagedswith waise iAxractiop YABOTHRRS 1 YR \
Various techni ques_for nolding hydrogel polyner mxtures into contact
l-enses ar etadhesmrskilled imthe art; Reprerentatiye djluspis aredials, alephglsqaleqhol/vater o o ¢

mol di ng. Spin casting 14 WO 01/07523 PCT/ US00/ 16891 processes are

di scl osed i mixmm®s, etiyfenegkysol, gycpime Axmidprlyethylenseiysal, logt molegulapweight| di ng
i nvol ves charging a quantity of polynerizable nononeric nmixture to a nold
assenbly, &inehr polyhydjoxyethylmetbanrylates,iglycoliesterswi lneticragida formgmidesi ketones| d
assenbly to forma lens, for exanple, by free radical polynerization of
t he nonomer dialkylsalfuxides, Bxtghairlsitol cind filiedlike. Praferce diluents inchudethexdnol apdes t o
cure the lens material include thermal radiation, infrared radiation,

el ectron beasaanalli ati on, gamma radi ation, ultraviolet (UV) radiation, and
the |I|ike; conbinations of such techni ques may be used. The nold assenbly

defines a nold payaisy/pdssibletad peiféreh the Polyfidfizationdh thdiabsenedofdiluent tor ol d for
defining the anterior Yens surface and a posterior nold for defining the

posterior | epusd k@66, Fhele xﬁi%%ﬁ@ha%en%e%}w% fiemydRnelsas i wéli ¢ cast

nmol di ng nmet hod that permts Ing of a finished lens in a nold cavity

defined by g.poshfht @ nold and an anterior nold. The hydrogels of the

present invention are oxygen transporting, hydrolytically stable,

biologically ine ansn . Lt [l End s MR ko tpk. wigt act

| enses, it is plri%?glr'aﬁ% &t 1a.£‘%ﬁ{g§sﬁ!‘¥h§§tﬂﬁ§%%€g& sﬁﬂave water contents of

from about % hoyt .70 ' t r | SorftRinal® t©
?nchfpomg&% tl?e ﬁrln_a\lijﬁn%,g;rnggl?% ,go?rlnetdeggg O?C(HBleth%é l%ﬂs Eo

about 50 wei g percent.

tinting agents are known in the art, including non-polymerizable agents, or polymerizable
agents that include an activated unsaturated group that is reactive with the lens-forming
monomers. One preferred example of this latter class is the compound 1,4-bis(4-(2-
methacryloxyethyl)phenylamino)anthraquinone, a blue visibility-tinting agent disclosed
in U.S. Patent No. 4,997,897 (Melpolder).

The monomer mixture may also include a UV-absorbing agent, defined as an
agent that reduces light in the general region of 200 to 400 nm. Representative
polymerizable UV. absorbing materials for contact lens applications are described in U.S.
Patent Nos. 4,304,895 (Loshaek), 4,528,311 (Beard et al), 4,716,234 (Dunks et al),
4,719,248 (Bambury et al), 3,159,646 (Milionis et al) and 3,761,272 (Manneus et al).
Examples of UV-absorbing compounds include the benzotriazoles and benzophenones.

Various techniques for molding hydrogel polymer mixtures into contact lenses
are known in the art, including spin casting and static cast molding. Spin casting

14



is preferred that such hydrogel s have a nodul us from about 20 g/m® to
about 200 g/ m®2, and nore preferably fromabout 75 g/m® to about 175

g/ nm2. Aswglpgbmgs previously, the MDx, TMs-endcapped prepelysRiissod’ €
extrenmely easy to synt heS| ze There are fewer steps and conponents needed

than found in previogusly own nethods. This reduces the cost and tine

necessary P@Fem@ﬁﬂgseémwﬁ, &t Yop.3,4018,429 gnd 3 496,23 sHtatic cast molding
.................. ., .iii WD-01/07523 PCT/US0O0/ 16891 As

an i Tl ust r Bwplyps Grrginga Mﬁmfmlwmhlmmon@ummmml@san ded

bel ow. These exanples serve only to further illustrate aspects of the

i nvent i on anddusing thednonpmeisic mistyreswhilesdtained lin thenioldjasserablye Gmmiadens, EXAVPLE 1

Preparation of 1,3 bis(4-nethacryloyloxybutyl) tetranethyl disiloxane (M)

To a 5 | it for example,ioydieeradical pblymekizatigu iofithe anasotrieria mixtaiza Examples of fireecr

Dean-Stark trap, heating mantle, water cool ed condenser and thernoneter

was added thdicdl reatition tdehhiquds-te iclu@-the lensmatetisl isctedeahérmallragdiatidn,
nmet hacrylic acid (361 g, 4.2 nol), and concentrated sulfuric acid (25.5

g) . To t heradiation, iefeotroi Béani diation, gamatadiibn] bit@liolet (OVPRAMANSE and the
hydr oqui none (0.95 g, 8.6 mml) as a polynerization inhibitor. The

reaction nike; bsrbin@fons 0851R4H tdchnigléd iy Belised.| 71 Ol aSseribly ddin¥dd mBidt | e 28
m. of water was collected. The reaction mxture was t hen cool ed, divided

and passecaty @l o, M dircy N G bR or Aot g of al uni na

(packed using cycl ohexane as was renoved using a

rotary evagefdl fid ARfictibmb Ry detfhing Ve der vacuum (0.2 nm Hg)
for one houraat 80 C (yreld, 80% p r|t y°{gji§§§ aFgmatography, 969 .

U.S. Patent No. 5,271,875 describes a static cast molding method that permits
molding of a finished lens in a mold cavity defined by a postérior mold and an anterior
mold.

The hydrogels of the present invention are oxygen transporting, hydrolytically
stable, biologically inert and transparent. When used in the fonnation of contact lenses,
it is preferred that the subject hydrogels have water contents of from about 5 to about 70
weight pefcent. More preferred is about 25 to about 50 weight percent. Furthermore, it
is preferred that such hydrogels have a modulus from about 20 g/mm? to about 200
g/mm’®, and more preferably from about 75 g/mm?’ to about 175 g/mm?,

As stated previously, the M,D,, TMS-endcapped prepolymers are extremely easy
to synthesize. There are fewer steps and components needed than found in previously
known methods. This reduces the cost and time necessary for producing the hydrogels or

contact lenses.
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EXAMPLE 2 Synthesis of Methacryl ate End- Capped Poly Di et hyl sil oxane
(MeD25) To a 1,000-nL round-bottom flask under dry nitrogen was added
oct amet hylwgeleises r asi | oxane (D4) (371.0 g, 1.25 nol) andpeérus®@neddig, 0.7
mol). Triflic acid (0.25%1.25g, 8.3 mvl) was added as initiator. The

reaction m xture, was,, stirred. for 24.hours w th. Vi gor.ous | EYi room
t enper at ure. SOMMWBB%P&PWE%‘}VW 9&@%&%& ?ﬁi#"g‘gfgg’gbg’%d t he
reaction mxture wag again stirred for 24 hours, . The 16 WO.1/ 07523

PCT/ US00/ 16 Heege cxaumles serte %F@Wﬂﬁ%@?ﬁ@?‘é&fﬂ’ﬁmfaﬁ% .%PH@M'%? si ze
Teflon(r) filter. The filtered  solution was vacuum stripped sand pl aced
under vacuufAneEeedpas iminpg the fnveption. t o renpve the unreacted silicone
cyclics. The resulting silicone hydride-functionalized siloxane was a

viscous, clear fluid: yield, 70% CEHFAMREEVE EXAMPLES 3-16 Fornul ati ons
of the Hydrogel with Varying Ratios Fornul ations conprising the follow ng
substituents vverPd}emr%lpaPgliﬁgéé(weﬂlaswmlwwﬂmmmlﬁwpy%ﬂel%ne
(MeD2,), nethacryl oxypropyl tris(trimethylsiloxy)silane ("TRIS') and

N, N- di et hyl acr ¥ afiliter fgubiegk refindlask équippetl stitharmenhanigalstitrera DeamrStagh t
anount of hexanol as solvent (20 parts) and Darocur- 1173 as a

phot oi ni t i atrapy, hédling npale S¥aterSobled comdenser andithennometehivasiadded] hétdimethyl wo
glass plates for two (2) hours at roomtenperature. The resultant fil s
wer e i sol at pdila-Raixheyoliexdny (521tg, a0irhel), niéthderylichaeidqB6T gr4.2imol)eam (16) hours
and boiling water hydration for four (4) hours, then placed in borate

buf f er ed satdneentralddssulfitic &id (5.5 §)¢ Toahé REGichuhixtiré Wasithen wded 1L\wfY i ed, with
the resulting properties noted. The water contents and isopropanol
extract abl egydi¢hexdrlel a8 h§dd4uiAdHeq0 95 308.6MnrhéIF as a polymerization inhibitor. The
reaction mixture was heated to reflux for five hours during which time 28 mL of water
was collected. The reaction mixture was then cooled, divided and passed through two
chromatography columns filled with 1 kg of alumina (packed using cyclohexane as
eluent). The cyclohexane was removed using a rotary evaporator and the resultant M,

was placed under vacuum (0.2 mm Hg) for one hour at 80° C (yield, 80%; purity by gas -

chromatography, 96%).

EXAMPLE 2
Synthesis of Methacrylate End-Capped Poly Dimethylsiloxane (M,D,;)

To a 1,000-mL round-bottom flask under dry nitrogen was added
octamethyicyclotetrasiloxane (D,) (371.0 g, 1.25 mol) and M, (27.7 g, 0.7 mol). Triflic
acid (0.25%, 1.25g, 8.3 mmol) was added as initiator. The reaction mixture was stirred
for 24 hours with vigorous stirring at room temperature. Sodium bicarbonate (10 g,

0.119 mol) was then added and the reaction mixture was again stirred for 24 hours. The
16



procedures set forth above were neasured gravinetrically. The tensile and
tear properties were determned in buffered saline, according to the

st andar d Wobibrses ocedures 1708 and 1938 respectively. Thpcrissmasss
perneabilities were determ ned by polargraphic nethods taking the edge .
effect into consideration, (See Fait, Rasson and Ml polder, Int'1l Contact
Lens C i ni Fesuliant sojutionguasfiltgeed)througlya @?TWMM@Q@@W-MW&@ TABLE
1 Films prepared using MD2s endcapped with 0% Thole trinethyl silyl

Exanpl e D\éolitiinSvaspBasmbstripped andipipeed wisidrvacguraifed. 1 ama Kig) atrRO/IC topar t s)
(Barrens) (% Loss (% (g/mm®2) trans 3 20.00 39.50 20.00 179.00 11.61 17.83

181 1.05 rembdde Yie ubdeatied siicédie ciydlicsO Thé restMing SiliddnetiydrideHfihdtionalizdd 00 24. 50
20.00 85.00 32.70 21.19 212 79.96 6 35.00 20.00 24.50 196.00 32.19 21.48

290 91.35 silokarndwits AiShohl) cidr Alid1{dIdOMYA0. 65 17.72 306 9.03 8 20.00 39.50
20. 00 189.30 10.12 18.81 204 4.53 9 20.00 34.50 25.00 139.40 11.56 18.65

238 6.93 10 35.00 20.00 24.50-91.10 32.21 19.83 305 70.4 11 29.50 20.00
30.00 129.40 23.67 19.93 355 45.21 12 24.75 24.75 30.00 120.20 17.36 21.80

327 19.46 13 35.00 24.50 2Bopfh oAt EBEXAMI ESSR1§19 74.07 14 20.00 29.50
30.00 201.90 12.19 21.10 314 4.59 15 31.45 23.35 24.70 113.30 29.55 21.85

274 51.83 Formulations of the Hydrogel with Varying Ratios
Formulations comprising the following substituents were prepared: o,
Bis(methacryloxyalkyl)pblysiloxané (M,D,,), methacryloxypropy!
tris(trimethylsiloxy)silane (“TRIS”) and N,N-dimethyl acrylamide (DMA). Each |
formulation contained a constant amount of hexanol as solvent (20 parts) and Darocur- ;.
1173 as a photoinitiator (0.5‘ parts). All formulations were UV-cured between two glass
plates for two (2) hours at room temperature. The resultant films were isolated, followed
- by extraction with ethanol for sixteen (16) hours and boiling water hydration for four @)
hours, then placed in bor#te buffered salin_e. The ratios of the various substituents were
varied, with the resulting properties noted.
The water contents and isopropanél extractables for films cast according to the
procedures set forth above were measured gravimetrically. The tensile and tear

properties were determined in buffered saline, according to the standard ASTM

procedures 1708 and 1938 respectively.. The oxygen permeabilities were determined by
polargraphic methods taking the edge effect into consideration. (See Fatt, Rasson and

Melpolder, Int'l Contact Lens Clinic, v. 14, 389 (1987)). - ' |
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16 27.90 26.70 24.90 125.20 23.42 21.55 260 22.25 Silicone hydrogel
prepared with the above conponents produce filnms with generally high

oxygen per
was t oo hi

01/ 07523. .

s

Y.

soft contact

PCT/ USOQ 16891 This prepoF:

| ens application.
prepared with M2D2S endcapped with 10% npl e txi methyl silyl

18

WO

It is noted that the nodul us of sonepefmukéasmfil s
EXAMPLES 17-30 Fil ns

was prepared by sane procedure

as above except that for the fol]low ng anmounts.. NP 9.08 grams, D4 40.57
grams, TZ (hexanet Fijmgprspares using MiDasndeanped withi0%:inole frimethylsilylo. 125 grans.
TABLE 2 Fi|ns_prepared using D2S endcapped with 10% mple tringethylsilyl
Exanpl e DVRERRPIS VPMAS |IRISDO| WsPght | Modus HQ ([p¥riehs) | Medvless)| HeBar t|s)
.(Barrers)} (9% Lop 9 [} trans) 17 20.900 39.60. : 200. 11.169
100 63 1 15 Rty Netedn™ T ahisi o) iR B0 e Y | g iRl 5 135 o0
24.50 20. 0038020 a4 =t ‘Jl.w_?? 0 0 50 71,680 93 89
24.61 263 2?68 2 i@%&c@%&éwiﬁpoo 70.30 6¥5 577)857)2 ggt‘: 2. 791' 22 120. 00
39.50 20. O-Hee—eé. —O—OA—8—FOT 146 23— PO OB A 3550019856041, 93
10,15 215 |47. 72 | 2054 H0%0] 68454 F'EP sp15¥4ept%® 21 330 od ¥ 25
29. 50 20. 0p—30-001-120-20-2338—10.-10-329 404442624 78 2476130001164, 10
17. 43 19. 555275 23500 12450 [20.00° |85.00 |3270 |21.19 {212 79.96

6 35.00 |20.00 [2450 |196.00 |32.19 [21.48 {290 91.35

7 20.00 |29.50 30.00 181.90 10.65 | 17.72 306 9.03

8 20.00 |39.50 |20.00 |189.30 |10.12 |18.81 |204 4.53

9 20.00 [34.50 |25.00 |[139.40 |11.56 |18.65 |[238 6.93

10 35.00 [20.00 |24.50 |91.10 3221 [ 19.83 | 305 70.4

11 29.50 |20.00 30.00 129.40 | 23.67 {19.93 355 45.21

12 24.75 12475 [30.00 |120.20 |17.36 |21.80 |327 19.46

13 35.00 |24.50 [20.00 |8540 3470 12135 |219 74.07

14 20.00 |29.50 {3000 |201.90 |[12.19 |[21.10 |[314 4.59

15 31.45 |2335 24.70 113.30 | 29.55 | 21.85 274 51.83

16 2790 [26.70 (2490 |12520 |23.42 |21.55 |260 22.25

Silicone hydrogel prepared with the above components produce films with generally high

oxygen permeability. It is noted that the modulus of some of these films was too high for

soft contact lens application.

EXAMPLES 17-30

Films prepared with M,D,; endcapped with 10% mole trimethylsilyl

18



27 35.00 24.50 20.00 75.80 34.06 21.03 190 79.86 28 20.00 29.50 30.00
158.30 11.88 20.16 284 2.91 29 31.45 23.35 24.70 102.70 27.03 22.14 272
59.79 3Gy@d61/878226. 70 24.90 119.70 22.97. 21.11 232 22. S.CT/ESobm&sdL ONt ai ni ng
M2D25 endcapped with 10% nole trinethylsilyl showed a reduction in nodul us

as conpareg .to anpl es 3-16.,.The oxyge erneabi | it |e. 19
11111 WO O%$pHsD %wmmlmﬂﬁ%ﬁ@'ﬁgaﬁﬁxvﬁ?@%?’%@?@@ h MeD2s
endcapped with 25% e triet silyl,This prepol.yner repar,ed by sane
pr ocedur e a&%°“&b%b’é g&%mtﬁzf‘g% 1 eTAE?’ﬁaH@MEﬁﬂémhpgg 88 grams, -
D4 40. 14 grans, . T2 0.88 grans and triflic acid 0.125 grans. TABLE 3 Fil ns
prepar ed uSflifacib 0435 gRMSapped with 25% nol e trinmethylsilyl Exanpl e DVA
| RIS M2D25 DK H20O Wei ght Modul us H20 (per) (per) (per) (B) (99 Loss (%
(gl Mm2) trans 31 20.00 39.50 20.00 i['?@ 12.17 18.34 137 0.65 32 23.95
33.10 22.45 134.40 18.21 18.68 158 7.47 33 35.00 24.50 20.00 92.50 33. 67

18. 84 161 '69. 93 Fiimsprpaced neing M, Dy epdcappedywitly 10%moalg trimetblsilydo. 15 35 20. 00
29.50 30.00 67.30 12.44 24.39 250 1.96 36 20,00 39.50 20.00 156 50 9.56

20. 23 139 ExaBle BPMO. PORIS4. JM:D5. 0PDEG9. 9( H4Q . OjgWeight 77 Medulusg 1250 38 35. 00

20.00 24.50 87.40 32,65 20,96 233 OLAl o |ty | Loss o) | (gma) | trus
117 20.00 39.56_ 2000 [200.00 |11.69 [17.42 |163 1.16
18 2395 [33.10 [2245 [160.40 '1_8.04 1947 [ 191 9.53
19 3500 (2450 2000 [8040 [3262 1948 [179  |91.35
20 3500 [20.00 [2450 [77.80 [33.89 [24.61 |263 2.68
21 2000 [29.50 [30.00 [187.30 |[10.65 |17.72 |246 2.79
22 20.00 |39.50 [20.00 _z_o_s.do 997 [18.70 [164 6.04
123 2000 |34.50 [25.00 -1_9§.§o 11.93 _19.15: 215 [7.712
24 35.00 20.06 2_4.50 8450 [31.80 [19.27 [250 90.99
25 29.50 [20.00 |30.00 120.2_0 2333 [19.19 [329 40.44
26 2475 2475 [3000 [164.10 [1743 [19.55 |275 20.54
{27 35.00 |24.50 |20.00 |75.80 [34.06 |21.03 190 | 79.86
28 2000 [2550 [ 3000 [ 15830 | 1188 [20.16 [ 284 2,91
29 3145 2335 [2470 [10270 |27.03 2214 [272 59.79
30 2790 |2670 |[2490 [119.70 [2297 [21.11 |232 22.55

Films containing M,D,; endcapped with 10% mole trimethylsilyl showed a reduction in
modulus as compared to Examples 3-16. The oxygen permeability was acceptable.
' 19

SR



39 29.50 20.00 30.00 129.50 25.59 20.36 282 68.92 40 24.75 24.75 30.00
201. 10 18.96 20.84 241 17.73 41 35.00 :24.50 20.00 87.50 34.89 21.93 155
89. 85 421%3 %951%9 50 30.00 126.70 12.80 21.54 165 2.57 piarnaydoo/déebP 7523
PCTI US00/ Y 3 31.45 23.35 24.70 92.80 29.32 21.91 209 59.53 44 27.90
26.70 .24.90. 142.00 24.58. 21.56 197 29.18 Filns nmade with M2D25
endcapped with 25% nole trinethylsilyl showed a decrease nodul us as
conpared to Exanples 17 -:80. EXAVPLES 45-46 Filns prepared with M2D25
endcapped with 40% nol e tri met hyl EXAMPEEBS1ddepol yner was prepared by sane
procedure as above except that for the followi.ng anounts: M 8.89 grans,
D4 39.72 grans, TXilmSSreparehwith MiDy enfitappediwithl25%masle trimaethylsilyiABLE 4 Fi | ns
prepared using M2D25 endcapped with 40% nole trimethylsilyl Exanple DVA NVP
| RIS M2D25 Tifis pidfoierives pleparbdiBy sanid proepinrey abgyeaxcept thaptor the) follpwings )
(parts) (Barrers) (9% Loss 45 17.50 17.50 24.50 20.00 72.90 35.05 32.50 126
46 17.50 17arhéurdd Mi®B.9grafs, 15, A0 436aii§; T, 038G tarishd thiflicraeid biSegrainng V2025
endcapped with 40% nole trinethylsilyl showed a reduction in nodul us as
conpared to Exanpl es 31-44. EXAMPLES 47-48 Filns prepared with M2D25
endcapped with 50% nol e trinmethylsilyl

TABLE 3

Films prepared using M,D,; endcapped with 25% mole trimethylsilyl

Example | DMA | TRIS  |M,D, |DK M0 | Weight | Modulus | H,0

(parts) | (parts) | arts) | Bamers) | (%) | Loss(%) | (gfmm) | trams
31 20.00 |39.50 |20.00 |126.60 |12.17 1834 |137 | 0.65
32 2395 [33.10 |2245 |13440 |1821 | 1868 |158 | 747
33 3500 |24.50 | 2000 |9250 |33.67 1884 |161 | 69.93
34 35.00 2000 |2450 |7900 |35.04 (2171 [227  |90.15
35 20.00 2950 |30.00 |67.30 |12.44 |2439 [250 196
36 2000 | 3950 |20.00 |15650 |9.56 |20.23 |139 | 453
37 2000 [3450 |25.00 |169.90 |11.08 |18.77 |[181  |843
38 35.00 |20.00 |24.50 |87.40 |3265 |2096 |232  |9LI1
39 2950 [20.00 (3000 |120.50 |25.59 2036 [282  |68.92
40 2475 | 2475 | 3000 |201.10 |1896 |2084 [241  |17.73
a1 3500 [2450 |20.00 |87.50 |[34.89 [21.93 |155  |89.85
42 20.00 {29.50 |30.00 126.70 12.80 | 21.54 165 2.57
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21 WO 01/07523 PCT/USQQ 16891 This prepol ymer was prepared by sane
procedure as above except that for the following anmounts: M 8.82 grans,
D4 39. 45 gfogdtmyse321. 73 grans and triflic acid 0.125 granecT/USeuasd Fi | ns
prepared usi ng MZD25 endcapped with 50% nol e tri met hyl si |yl Exarrpl e DVA NVP
| RIS M2Du [RK—HZO-Méi-ght—Nbael-te—(par e —Peid =i o tay) ary er s)
(% Loss (98 (g Mm% 42383 5p2470 5q 24050 76%% 2l TIEC TSRS g
17.50 17.%0.24 50 2000 7630135 53 124 3861 Fi-pE—e-aifti-ad mﬁ

endcapped |##t h 5079 4 26r70net B4 | y1I42§)90W93J4-§8-r &t i i1 n ms as
conpar ed 0_Exa | es 41 46 \/hny otther modlficatlion andl variations f the
present invention are possible to the skilled practitioner in the field in
light of the teachings herein. It is therefore understood that, within the
scope of t Filmes naidesvithtNiD,persisapped with @6V molemetbﬂsqbyla‘bewwecmﬁer t han as
herein specifically described. 22 WO 01/07523 PCT/ US00/ 16891 W claim 1.
In a hydr ogeldufus asresinfaraltoBxamples y7eB0zat i on product of a nononer mxture
conprising silicone prepolyners having the generic fornmula: A--(CH2)I

i--[0- 1 [ OO [O- 7p OSi (CHH-A | Ra R4 R6 Rs Ro wherein;

Ol

EXAMPLES 45-46
Films prepared with M,D,s endcapped with 40% mole trimethylsilyl
This prepolymer was prepared by same procedure as above except that for the following

amounts: M, 8.89 grams, D, 39.72 grams, T, 1.39 grams and triflic acid 0.125 grams.

TABLE 4

Fiims prepai-ed usiﬁg M,D,, endcapped with 40% mole trimethylsilyl

Example | DMA |NVP | TRIS | MD, |DK HO0 | Weight | Modulus

(parts) | (parts) | (pars) | (parts) | (Bamers) | (%) | Loss(%) | (e/mm?)
45 17_.50 _1_'7.50 24.50 20.00 _ 7290 35.05_ 1 32.50 126
46 17.50 17.50 24.50 20.00 76.30 36.03 |23.81 120

Films containing M,D,, endcapped with 40% mole trimethylsilyl showed a reduction in

modulus as compared to Examples 31-44.

EXAMPLES 47-48

Films prepared with M,D,; endcapped with 50% mole trimethylsilyl

2
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A is an activated unsaturated radical; A is either an activated
unsaturated radical or an alkyl group; R -R.0 are independently an al kyl,
f 1 uoroal k¥pg giad78800! ., ether, or fluoroether group having pcdrmaéboAedePons, or
an aromati c group having 6-18 carbons; m n, and p are independently 0 to
200, mtn+p being fromabout 15 to 200; a is | _to 10; and_bisO0tQl0,

wher ei n t heThif prepelymen Vagprepared by samensoredure 25 pbaveexeeps that fixs therfollowing) ¢
siloxane (D) and a dinmethacryl ate disiloxane (M:in_the presence of a
catal yst, taaounts My Be3Reerems P304 eagms, Jo di73 grams qnddrflicesid G123 gramsne (T2)
having the forrmula: 23 1111 EIIl 1121111211111112111 S WO 01/ 07523
PCT/US00/ 16891 R12 R14 1 I R Si Or-R16 | R R13 15 wherein R'-R 6 are
i ndependent|ly an al kyl group having 1-5 carbons, to the reaction m xture
used to formthe silicone prepolynmer. 2. The nethod of claim1, wherein
crosslinking density of said hydrogel decreases as the anount of said T2
i ncreases. 3. The nethod of claim1, PABLESNn di net hacryl ate disil oxane (M)
is represented by

Films prepared using M,D,, endcapped with 50% mole trimethylsilyl

Example | DMA | NVP TRIS | M;D;s | DK H,O0 | Weight | Modulus

(parts) | (parts) | (parts) | (parts) | (Barrers) | (%) Loss (%) | (g/mm’)

47 17.50 |17.50 }24.50 [20.00 {6530 36.55 |24.33 109

48 17.50 | 17.50 |24.50 |20.00 |76.30 35.53 {24.86 103

Films containing M, D, endcapped with 50% mole trimethylsilyl showed a reduction in
modulus as compared to Examples 45, 46.

Many other modification and variations of the present invention are possible to
the skilled practitioner in the field in light of the teachings herein. It is therefore
under_stood that, within the scope of the claims, the present invention can be practiced

other than as herein specifically described.
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the formula: H2 CH3 ?H3 CH2 SI~ ~SI~ H3C 41 Ol a CH3 OCH3 CH3 O 4. The
met hod of claim1, wherein mtn+p of said polysiloxane prepolyner is wthin
a range o 25 to 50. 5. The method of claim4, wher of sald
pol ysi | oxg‘ﬁg&pr}é olymer is about 25. 24 1111111 ~~1111IP;Elr fmmﬁﬂl ;
111 ~ . WD 01/07523 PCT/ USOO 16891 6. The nethod of claim11; wherein sal d
pol ysi | oxanWepgtaapol ymer i-s endcapped with | to 70 nole %tri met hyl silyl.

7. The nmethod of claim®6, wherein said prepolyneris endcapped within the
range of 2B to @ hydtogeP&tnedrﬁdﬂn;ﬂeqmolwﬂmzﬂnon‘lﬂmdmb@ﬁnﬂondmerh&xMﬂ wher ein
sai d prepolyner is endcapped within the range of 40 to 50 nole %
trimethylsilyl. &mpﬁbmgm‘bhmbrqfolﬁhﬁsm\&ngmégm formmley of said

pol ysi | oxane prepol ymer is about 25 and endcapped with about 50 nole %
trimethylsilyl. 10. The nethod of claim1, wherein Dis

oct aret hyl cycl otetrasgj | oxane. 11. The neth of clgim1, wherein Dis

1,1, 3,3-tetranet hyl - ?3 dlsﬂi‘Fa 2- T‘ TQ

A—(CHz);7— T:—— [0—‘_— Tl]m—[o—— Ti]n—— [O-__ ri]p— ""fl_" (CHz),—A’

Rs Re Rs Rs Rio

wherein;
A is an activated msam}ated radical;
A’ is either an at:ti\'rated% unsaturated radical or an alkyl group;
R,-R,, are independentli& an alkyl, fluoroalkyl, aléohol, ether, or fluoroether group having
1-10 carbons, or an arorhatic group: having 6-18 carbons;
m, n, and p are mdependently 0 to 200, m+n+p bemg from about 15 to 200
. ais1to10; and
bisOto 10,
wherein the silicone prepolymer is prepared by the reaction of a cyclic siloxane (D) and a '
dimethacrylate disiloxalee (M,) in the presence of a catalyst, the improvement comprising

adding at least one disiloxane (T,) having the formula:

23
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oxacycl opentane. 12. The nethod of claim1l1l, wherein Dis

hexanet hyl cycl otri sil oxane. 13. The nethod of claim1, wherein said

cat al yst iﬁof,{,(hgisuoronet hane sulfonic acid. 14. The met hadroéeoaksdt M 1,

wherein T2 1's hexainethyl disiloxane. 15. The nethod of claim1, wherein

sai d nononmer m xture further conprises a hydrophilic nononer. 16. The

nmet hod of claim 15, wherein said hydrom'ﬁl iC noNREr is an acrylic-

cont ai ni ng nmonorer. 17. The nmethod of dlaim 16,_;;Lergrei n said hydrophilic

rononer is N, N-dinethyl acrylamde. 18. The nethod of claim 15, wherein

sai d hydrophilic nmononmer is a vinyRgcorSiarmg— Rgg . 19. The net hod of

claim 18, wherein said hydrophilic nongnmer is N {vinyl pyrrolidone. 25 |

I~iii~)y et et rnrr 1)y i CLMS I (r)(r)Rp ~~l1Y WD 01/ 07523

PCT/ USO0/ 16891 20. The nethod of clai m5, still Turther conprising a

nonof unctional, ethylenically unsaturated silicone-containing nononer. 21.

The met hod whereind, ¥Ry @re independently an alkybgrofip mavingolx8lcarbensyy | eni cal |y

unsaturated silicone-containing nonomer is represented by the fornmula: R2
to the reaction mixture used to form the silicone prepolymer.

2. The method of claim 1, wherein crosslinking density of said hydrogel decreases
as the amount of said T, increases.

3. The method of claim 1, wherein dimethacrylate disiloxane (M,) is represented by

the formula:
H, CH; TH3 _ (":Hz
. Si _
HC I 4 Tl\o/ l 1\M:0 cg,
CH; CH; 0

4. The method of claim 1, wherein m+n+p of said polysiloxane prepolymer is

within a range of about 25 to 50.

5. The method of claim 4, wherein m+n+p of said polysiloxane prepolymer is about
25.
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R2--Si-R2 Il RR | X'e(CHy)Si-O-Si-RZ 13_ RQ R2'i R2 wherein: X
denotes -COO, -CONR4-, -0OCOO-, or -OCONR4- where each where R4 is
i ndependewbloynofdz®r | ower al kyl; R3 denotes hydrogen or nptirysgonissts 1 to

10; and each Ra independently denotes a | ower al kyl radical, a phenyl .
radi cal or a radjcal SlLw er ei n de endently
a | ower al lgyl &h? E’§P‘°8P}g' ‘ﬁl a#'ém)"wx}g ﬂ'dﬁelbdfa eg

wherein said m)no X°tureg1& %hﬂ'e corrprl ses a UV initiator. 23. The .
net hod of claim 2‘? él y initiator is.Darocur 1173. 24. The

net hod of claiml, \/\herel n sai d nonomer m xture-further cct)hr}grlses a
di | uent - 28: Th&hemethod of¢laim 6, Whepein saif prepolymsris gndrapprdwithia thesgugeaf o6 A

silicone-containing, hydrogel formed fromthe polymerization product of a
nononer ni xt ur e2& 3t melefg trimeghylsibl11111111 L vi 111111111111 S 111111

8. _  The method of claim 7, wherein said prepolymer is e_ndcapped within the range of
40 to 50 mole % trirhethylsilyl. |

9. The method of claim 1, wherein m+n+p of said pf_):lysiloxane prepolymer is about
25 and endcapped.with about 50 mole % trimethylsilyl.

10.  The method of cl_aim 1, wherein D is octamethylcyclotetrasiloxane.

11.  The method of cla_tim 1, wherein D is 1,1,3,3-tetramethyl-1,3-disila-2-
oxacyclopentane.

12.  The method of claim 1, wherein D is hexamefhylcyclotﬁsiloxane.

13. - The method of claim 1, wherein said catalyst is trifluoromethane sulfonic acid.

14.  The method of claim 1, wherein T, is hexamethyl disiloxane.

15.  The method of 'clgim 1, wherein said monomer mixture further comprises a’
hydrophilic monbiner.

16.  The method of claim 15, wherein said hydrophilic monomer is an acrylic-
containing monomer.

17.  The method of claim 16, wherein said hydrophilic monomer is N,N-dimethyl
acrylamide.

18.  The method of claim 15, wherein said hydrophilic monomer is a vinyl-containing
monomer.

19.  The method of claim 18, wherein said hydrophilic monomer is N-vinyl

pyrrolidone.

25
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WO 01/ 07523 PCT/ US00/ 16891 (a) polysil oxane prepol yners represented by the
formula: R 3S7r A (CHR)ai [0-- SiIIMm[Oi]n[O Si]p-OS (CH-A R
R4 R6 R8 Midoimamkasrein; A is an acitvated unsaturated radi PCHASONI6898 eit her
an activated unsaturated radical or an alkyl group; R -R, are

i ndependent an.al k fluar lco . et J1 140 gr oup
having 1-1 'capggﬁ'gé,’{d’%qo #mgiroﬁnﬁ%b @@?ﬁ@%ﬁ?ﬁﬁgﬁ @om%b%@&ﬁ]&lx , and p
are independently 0 to 200. .mtn+p being fromaboyt 23 to 200; ais 1to
10; and bisOto 1%‘59&*@?e§is%‘qoﬂgcg’f%’é’ﬁﬁ‘é&'ﬁfné’ﬁolyner'is prepared by the
reaction of _dinefhacryl ate disjloxane . d . cyqglic .si.l gxane (D) .in the
presence of2h ca ?%%?g?fﬂmm%ﬁﬁﬁuﬁé&ﬁﬁﬂm@ﬁ&w edone

di si l oxane (T2) having the formul a: RR14 1e]d2b 1 S} 0 i’;RlG R1 R13 R15
111111 2’ 11111HPn¢Fentaming monomer is represemted by the formula:

R2
I
R>—S§i—R?
|
? ¥
A X ,(CHz)h—§i—o—§i——R2
2
R3 9 X
Rz—?i—-Rz
R2

wherein:

X denotes -COO-, -CONR?*-, -OCOO-, or -OCONR*- where each where R* is
independently H or lower alkyl; R® denotes hydrogen or methyl; his 1 to 10; and each R®
independently denotes a lower alkyl radical, a phenyl radical or a radical of the formula

-SiR’),

wherein each R’ is independently a lower alky! radical or a phenyl radical.

22,  The method of claim 1, wherein said monomer mixture further comprises 2 UV
initiator.

23.  The method of claim 22, wherein said UV iniﬁator is Darocur 1173.

24,  The method of claim 1, wherein said monomer mixture further comprises a
diluent.

25.  The method of claim 24, wherein said diluent is hexanol.

26. A silicone-containing, hydrogel formed from the polymerization product of a

monomer mixture comprising:

26
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11111111 H Il WO 01/07523 PCT/USOCOn6891 wherein R'-R16 are independently
an al kyl group having 1-5 carbons, to the reaction m xture used to formthe
silicone woepeisysrer; (b) a hydrophilic nononer, and (c)recrasmagsencti onal,
ethylenically unsaturated silicone- cont ai ni ng nmonomer. 27. The hydrogel of
cl ai m 26, whereln 4 of sai.d pol ysi mer is wthin the i
range of 25 to *?h“epfﬁ%}"ag’ér%é? ngp*P%'fg'%W frein men+p of said

pol ysi | oxane prepol yrrer is about 25. 29. The hydrogel of claim26, wherein

sai d pol ysil oxane prepolyner is endcapped within the rgnge of 1 to 70 nol%
%trimethylsilyl. léo. The Rydrogel oRgclaim Zf" wher ei nr‘gal d prepolymer is
endcapped vm'thi n the range of 25 to 50 nole-%trinmethy S|Iyl 31. The

hydr ogej —Q H?a.L.m fp—erOcap y, e range
of 40 t% 5 gchi Be ¢ trlrreth I |IyI The hy ogel of | ai m 26, wherein
mtn+p of said pol ykil oxane pr epol yrre abo 25 and gndcapped w th about
50 nole %trinethyRsilyl. . The hy ogeI of aim 26, Wherein T2 is

hexanet hyl di sil oxane. 34. The hydrogel of claim 26, wherein said

hydrophi lic nononmer is an acrylic- containing nononmer. 35. The hydrogel of
claim 34, wherein said hydrophilic nmononmer is N, N-dinethyl acrylamde. 36.
The hydrogel of claim26, wherein said hydrophilic nononmer is a vinyl-

wherein;
A is an acitvated unsaj:urated radical;
A’ is either an activated upsaturated radical or an alkyl group;
R,-R,, are independently an alky), fluoroalkyl, alcohol, ether, or fluoroether group having
1-10 carbons, or an aromatic group having 6-18 carbons; |
m, n, and p are indepéﬁdéﬁt_ly 0 to 200, m-+n+p being from about 23 to 200;'
ais 1to 10; and
bisOto 10
" wherein the silicone prepolymer is prepared by the reaction of dimethacrylate disiloxane
(M,) and cyclic siloxane (D) in the presence of a catalyst, the improvement comprising

adding at least one disiloxane (T,) having the formula:

Ry2 Ry4

il



contai ning mononer. 28 ~"~L1L1 1II~IL @i~"00 tiiti 1 11"1 * CL MWD
01/ 07523 PCT/ USOOn6891 37. The hydrogel of claim 36, wherein said

hydr ophi | gf%ﬁ??g%ger is N -vinyl pyrrolidone. 38. The hydsqugdoodsor! ai m 26,
| fun

Wherein s ctional, ethylenically unsaturated silicone-containing
‘mononer is represented by the formula:. R2-Si-R2 (} 2 | ,(CH)h SI-OSIR2
X0OR RBR-1 i-RR ~ R2 wherein: X denotes -COO, -CONK -, -0COO-, or

- OCONR4- where each where R4 is independently H.or |ower alkyl; R3 denotes
hydr ogen or whereinyR,,-Rly atessindegendebfly an alkybgroup Riving hiepdbonsnt | y denotes a
| ower al kyl radical, a phenyl radical or a radical of the formula Si(R5)
wher ei n eacty therdastiontlixpae dexdith Yorm thesiticoneipkepiolynaatj cal or a phenyl radical .
39. The hydrogel of claim 26, wherein the nononer m xture further conprises
a W (b) a hydrophilic monomer; and
(c) a monofunctional, ethylenically unsaturated silicone-containing monomer.
27.  The hydrogel of claim 26, wherein m+n+p of said polysiloxane prepolymer is
within the range of 25 to 50.
28.  The hydrogel of claim 27, wherein m+n+p of said polysiloxane prepolymer is
about 25.
29.  The hydrogel of claim 26, wherein said polysiloxane prepolymer is endcapped
within the range of 1 to 70 mole % trimethylsilyl.
30.  The hydrogel of claim 29, wherein said prepolymer is endcapped within the range
of 25 to 50 mole % trimethylsilyl.
31.  The hydrogel of claim 30, wherein said prepolymer is endcapped within the range
of 40 to 50 mole % trimethylsilyl.
32.  The hydrogel of claim 26, wherein m+n+p of said polysiloxane prepolymer is
about 25 and endcapped with about 50 mole % trimethylsilyl.
33.  The hydrogel of claim 26, wherein T, is hexamethyl disiloxane.
34.  The hydrogel of claim 26, wherein said hydrophilic monomer is an acrylic-
containing monomer.
35.  The hydrogel of claim 34, wherein said hydrophilic monomer is N,N-dimethyl
acrylamide.
36.  The hydrogel of claim 26, wherein said hydrophilic monomer is a vinyl-

containing monomer.

28
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initiator. 40. The hydrogel of claim39, wherein said UV initiator is
Darocur 1173. 41. The hydrogel of claim 26, wherein the nmonomer m xture

further coEhpnss @ diluent. 42. The hydrogel of claim T'U%h‘fl s§dn the
di luent is hexanol. 43. A contact |lens conprising the h?/éroge ofl cI aim .

26. 44. An intraocular |ens conprising the hydrogel of claim 26.
37. Thehydrogel of claxm 36, wherein said hydrophilic monomer is N-vinyl

pyrrolidone.
38.  The hydrogel of claim 26; wherein said monoﬁmctidn.ftl, ethylenically unsaturated

silicone-containing monomer is represented by the formula:

Rz—.?i—k2
¢ ¥
\ < ,(CHz)h—?i—O—?i—Rz
| 0 R2
R} I
Rz—?l—Rz

wherein:

X denotes -COO-, -CONR*-, -OCOO-, or -OCONR"- where each where R* is
independently H or lower alkyl; R® denotes hydrogen or methyl; h is 1 to 10; and each R?
independently denotes a lower alkyl radical, a phenyl radical or a radical of the formula

-Si(R’),
wherein each R® is independently a lower alkyl radical or a phenyl radical.
39.  The hydrogel of claim 26, wherein the monomer mixture further comprises a UV

nitiator,

40.  The hydrogel of claim 39, wherein said UV initiator is Darocur 1173.

41.  The hydrogel of claim 26, wherein the monomer mixture further comprises a
diluent.
42.  The hydrogel of claim 41, wherein the diluent is hexanol. -

43. A contact lens comprising the hydrogel of claim 26.

44.  An intraocular lens comprising the hydrogel of claim 26.
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