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(57 Abstract

_ Monomeric  units  useful (Rl‘)x

o S i iy A—R—i {0~ ImD—Cra3M ®
ey compostions — inching Ry R *

the subject monomeric units are
especially useful in the formation

of biomedical articles such as low water silicone contact lenses. In formula (I), A is an activated unsaturated group; R and D independently

arc alkyl alkylene or haloalkyl groups having I to 10 carbon atoms

wherein said carbon atoms may include ether linkages thercbetween;

M is hydrogen, fluorine, or an alkyl group; Ry, Rz, R3 and R4 are independently selected from: alkyl or haloalkyl groups wherein ether
linkages may be included between carbon atoms; siloxane groups; and carbocyclic ring groups having from 6 to 18 carbon atoms; m is an

integer from 1 to 500; n {s an integer from 1 to 20; x and y are § or
is an alkyl group having from { to 10 carbon atoms.

I;zis 1 or2 and X + y + z = 3; so long as at least one of Ry or R,




"TRI'S" nononers, e.g. nethacryloxypropyl tris(trinethylsiloxy)silane, -1-
WD 97/ 20851 :

PCT/ US96/ 18307 (b) pol y(organosi | oxane) nmononeric units; (c) silicone
cont ai ni ng nononers includes silicone-containing vinyl carbonate or vinyl
car bamat e non¥@Y208lch as; PCT/US96/18307

1, 3- bi s[ 4-vi nyl oxycar bonyl oxy) but-1-yl]tetranethyl- disiloxane;
3-(trinmethylsilyl)propyl vinyl carbonate;

3- (vi nyl oxycar bonyl t hi o) propyl - 5 [tris(trinmethylsiloxy)silane];
3-[tris(trinmethylsiloxy)silyl] propyl vinyl carbanmate; 3-
[tris(trinmethylsiloxy)silyl] propyl allyl carbanmate;

3-[tris(trinmethyl sMONOMERICNGSUSEFGL FORREDVGING THE MODULUS

t - but yl di net hyl si | oxQFILOW WAEER ROLYMERIC SILIGONE COMRBOSITIONS, | ny|
carbonates trinethylsilylnethyl vinyl carbonate; and (d)

pol y(or ganosi | oxane) nononeri c uni ' ' t hane or ureido groups.
10 Q her exanpl es of applicable gﬁ“hgghgeggﬁgg i ng nononers are wel

known in the art. ThyiaptithorVaihRARE bedefif'on ONS I Prodisibndl Ypplicatidh | ¢ 0502088,329
hydrogel s incl ude: unsaturated car boxylic acids, such as nethacrylic and

acrylic aci dfledgoDecembes ol995t ut ed al cohol s, such as 2-
hydr oxyet hyl met hacryl at e and 2- hydr oxyet hyl acryl ate; vinyl lactans, such as
N-vinyl 15 pyrrolidone; and acryl am des, such as nethacryl am de and

N, N- di netayl acryl am de. Still fmmm‘émmm@smt he hydrophi l'ic vinyl
carbonate or vi nyjshcar bamat e di,scl osed

5070, 215, and ¢ LN SRR AIPIOPOREREA, AR, o helet o DrineE Fipapecontaigng o

No. 4,910, 27 fronéhéiy uﬁiw dribtheir tusel i pédukcing the RVABILS ofildw Wae polgmety silionene
skllled in the art. In particular regard to the use of silicone

hydrogel s in C?‘HEDSFGF‘M‘FB magarials find 3&"1““‘? @'r?@E':lFa“?'h'é the fognylation; of gonsact depisesq n

nononers has been indicated to reduce the accunul ati on of deposits on
contact |enses, as described in U S. Patent Nos. 4,954,587, 5,079, 319 and
5,010, 1425 I\/breover the use of sili BANKGBOUNINI ng TRI S-type nononers

having certain f ' t?@cgp{/\gtghe%ﬁ‘tﬁve bbenSused ik WEfidty ot BionlkdleS pRLhribRYNC

to inmprove corrpat
including, for example the formation of contact lenses. Such materials can generally be

subdivided into two major classes, hydrogels and non-hydrogels (referred to herein as “low
water” materials). Silicon hydrogels constitute crosslinked polymeric systems that can absorb
20  and retain water in an equilibrium state and generally have a water content greater than about
5 weight percent and more commonly between about 10 to about 80 weight percent. Such
materials are 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 crosslinker
25 being defined as a monomer having muitiple polymerizable functionalities) or a separate
crosslinker may be employed. Applicable silicone-containing monomeric units for use in the
formation of silicone hydrogels are well known in the art and numerous examples are provided
in U.S. Patent Nos. 4,136,250, 4,153,641; 4,740,533; 5,034,461; 5,070,215; 5,260,000,
5,310,779; and 5,358,995. Specific examples of applicable silicone-containing monomeric
30  units include:

(a)  bulky polysiloxanylalkyl (meth)acrylic monomers, commonly referred to as
“TRIS” monomers, e.g. methacryloxypropy! tris(trimethylsiloxy)silane;

-1-



25 hydrophilic and silicone-containing nononeric units, as described in
U. S. Patent~ Nos. 5,387,662 and 5, 321, 108. Low water silicone materials,

| i ke their hydrogel counterparts, include the sanme class of

si | i cone-contai ning nononeric units; however, unlike silicone hydrogels,
"l ow wat er" 3Ro9stdsscone materials do not include appreci ablpergsysgies of
hydrophi lic nononers and/or internal wetting agents (i.e. typically less
than 5 to 10 meight percent). As such, |low water silicone -2- WO

97/ 20851 oly(organosﬂoxane monomeric units; PCT/ US96/ 18307

mteriais, as the { o HHiiing HiboBhrs AL icole Loy BORA AR o

anount s of vvater ess per cent re typrcally
| ess than abeinl barbsméie mo@wﬂerpmh nas; EXQJIE[Jd-em loﬁychrbmylmtyﬂmt-ﬂlym]wtnamethgu
pol ysi | oxane re di scl oseaw Pat,ent No 0 764 an 009,
Such materla'§' > CO gﬁl‘qpé@&"tr‘@%)fled" 'Bte 1%& %ﬁ’&‘@ OREPYENt |
5 in orger ;:a tﬁneeamlomﬁlaﬁqr f ag. -Tlr@{ﬁn&&ﬁylﬁ%@fsﬂ nEbsyl hY dinPIPhi dattamate; 3-

r

Regardl ess of surface treatment o e use of rophil’i c_ mohoners and/ or

i nternal wet [tns(gmg!mlmlgxy)wﬂ popsl allyd: eprbarpstee ﬁr[tm(tnnmhylmm)sdﬁ]nrmb rianyl

conposi tions_j S§ ];Eﬂﬂ )

silicone conp o%?"f'&b ave gfrﬂi;l/oxge rg@&e%%ﬂg&ﬁ b@ﬁ#@%ﬁhﬁ V\{“ﬁta tc%h,]
typical |y poginesiylsitylinethylndhyl cirbgiuteyaadi| i ( Young' s nodul us of el asti ci ty)
e.g. often in excess of s neasured, by ASTMt t met hod, D1938.

For many biomedi 4! a y?‘?f&?’?%ﬁl@“"‘?%tm?%‘mﬁ’é'g j it gl gp‘t" ARFOT BT BROMPS.

conposi t i@nsoliay biamples S sgpilcdRiticone-Eorfiainihg mioRémérs BYe vel kne\RRinlthelfly 9/ M2 to
about 150 g/ mm®, and nore preferably fromabout 30 g/mmierr] to about 100

g/mferr]. This is particularly inportant in the formation of soft contact

lenses, as 15 t ,ggg Lﬂa}dﬁogﬂfhcl Ao 750 e &agwxq’gﬁo@&g rthlda‘\ea%saltmg t

upon | ens "confor ossessi ng hig ve a percelved
stiffness anchrhnxglmsamdsbklgch las ghtl'rabrghct amd at:ejhomeldgz acryBeisubstivgred nlcahnls; isuchtas 2al

feeling. Alt 5(89! Ly eanacrylgze byl k¥ @Qr&y tJ\y? tL alvli(rEl lactgnr\]sécrs c atas?S_N-v?ﬁy?'

met hacr yl oxy
15  pyrrolidone; and acrylamides, such as methacrylamide and N,N-dimethylacrylamide. Still-

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

20 In particular regard to the use of silicone hydrogels in the formation of contact lenses,
the fluorination of certain monomers has been indicated to reduce the accumulation of
deposits on contact lenses, as described in U.S. Patent Nos. 4,954,587, 5,079,319 and
5,010,141, Moreover, the use of Silicone—containing TRIS-type monomers having certain
fluorinated side groups, i.e. -(CF,)-H, have been found to improve compatibility between the

25  hydrophilic and silicone-containing monomeric units, as descrived in U.S. Patent Nos.
5,387,662 and 5,321,108.

Low water silicone materials, like their hydrogel counterparts, include the same class
of silicone-containing monomeric units; however, unlike silicone hydrogels, “low water”
30 silicone materials do not include appreciable amounts of hydrophilic monomers and/or internal

wetting agents (i.e. typically less than 5 to 10 weight percent). As such, low water silicone

2-



20 tris (trimethylsiloxy) silane, commonly referred to as "TRIS", are
known to reduce the nodulus of sone silicone hydrogels, i.e.

pol yur et hane- pol ysi | oxane hydrogel conpositions, (see for exanple; Lai, Yu
Chin, The Role of Bul ky Pol ysil oxanyl al kvl Methacryl ates in

Pol yur et hane- p¥PY&#88%ixane Hydrogel s, Proceedi ngs of the Aner PEHHSTEHEWY cal
Society Division of Polyneric Materials: Science and Engi neering, Vol 72,
pg. 118-119, (1995)); the use of 25 TRI'S nononeric units within "l ow

wat er" sili cometenﬁsrmshm name wiggest, alol not iahsorke a5 eatain BpPrRdthle ermowsts of water, eg.

resul ti ng mat uch... TR S .npn ul
I n reducigng tﬁﬁg tﬁﬁ'ﬂﬁ‘?"tﬁ% §0‘Ye'$}8\ﬁ &Rt éjﬁ?mt 'gm%ag s%% %%ngép%‘g%lé%t&%g
5,321, 108 andEkangsies, ot atv thates iflacnated olysildxine anddisciesed dn U8, Patett Nosi4 810,764
i ncl udes at | east one fluoro subst ituted end group .incl u erm nal
hydrogen. Thi 3dbi¥% cSugh materials age comm é‘g'gﬁ 9‘?‘8‘? h’é’?‘éé ce treatment,
conpat i bi | §typag gie% @rﬂexs 'lllé §i?f36e 5P The ifdteRBl mdre hydroM@og7'h%Q§5ﬂass of surface

PCT/ US96/ 1830/ an ydrophilic nmononeric units in the formation of silicone
hydrogel s. Astredtnbnt BRitlS; usetof hidrophiliowanomess and/orcintgrriat writiog asqml, khe total water

I I | al R h
Thete TRI S 1 yperie aflobi b eTeniciolpbBfonk 8 bl bl SMEBRIRRHL 0L

conventional techniques. As such, puri fication of such rrat erials can be

difficult. For th|35 arre rea these rrat rials eilso be dlfeamult
to analyze, e.g. biithey c“ M e joxy§efiRegpeabtlit
silicone nppte ' qu‘i&ﬁﬁ Y"oﬁﬁ § meRl |o?\éi oG, le.g. o
from 20 g?@nn{ g&f@%ﬂgg%&h&laﬁg&fﬂ err gurt g’e‘r nor e, sl n aappl | cae',t | onsns"lljch

as the 10 foexcassi afi308f g/owrt ascmedsened by, ASTMhtestomeshiad 1938+ eIquammynbgmed;@l

ehc. ) have acuElraRrh OF JiEARs T, RxBeie YRR SmBltE: BAEIS05RY R L8 D
deposi t f or natheomge bbsteny 20 g/nim?wmaabxnrlsagtmﬁ ,adns nore pcbﬁeratﬂ;eﬂouvhbom Wagiminé

easily syt heSIOZﬁ;ou ﬁ)%r i ?d Thlasqg pgmngdlg%r important in the formation of soft contact lenses, as

15 the modulus of lens material can have a significant impact upon lens “comfort.” Lenses
possessing high moduli often have a perceived stiffness and undesirably high elastic recovery

resulting in an unnatural feeling.

Although the use of bulky polysiloxanylalkyl methacrylates, e.g. methacryloxypropyl
20 tris (trimethylsiloxy) silane, commonly referred to as “TRIS”, are known to reduce the

modulus of some silicone hydrogels, i.e. polyurethane-polysiloxane hydrogel compositions,

(see for example; Lai, Yu Chin, The Role of Bulky Polysiloxanylalkyl Methacrylates in
Polyurethane-polysiloxane Hydrogels, Proceedings of the American Chemical Society Division

of Polymeric Materials: Science and Engineering, Vol 72, pg. 118-119, (1995)); the use of
25  TRIS monomeric units within “low water” silicone compositions generally increases the
modulus of the resulting material. As such, TRIS monomeric units are not generally helpful in

reducing the modulus of low water silicone materials.

U.S. Patent Nos. 5,321,108 and 5,387,662 disclose a TRIS-type monomeric unit
30  which includes at least one fluoro substituted end group including a terminal hydrogen. This

monomeric unit is described as providing increase compatibility as between silicone-containing

3-



15 SUMMVARY COF THE | NVENTI ON The present invention
is a nmonorreric unit useful for reducing the nodulus of |ow water polyneric
silicone materials and is represented by Formula I: [err] 20 wherein: A
is an activated unsaturated group; R and D independently are an al kyl,

al kyl ene, orwdatsuesikyl group having 1 to 10 carbon atons wher/gsysgsey d
carbon atons may include ether |inkages therebetween; Mis hydrogen,
fluorine, or alkyl group; 25 Rlerr], Rerr], Rerr] and Rerr] are

i ndependent Lyg gyr&hilie AndrloRidtic ahie/in thé b &ydiuclﬁ@uﬁﬁogmems' WitR RIS, the
| i nkages may be included between carbon atons; siloxane groups; and (%Eoups

havi ng 6 t odesgribedr moromaerisnunit has & bylky polvgiloxanyipliayl stractpreoinclydiag(three @is)s an
| nteger from |, fOhratthes Thkde TRISSypd ﬂ%nﬂatedzmbﬁonlenﬁru%lté‘ﬂ@%%gﬁs %gé ?n §|§}67 5o

97/ 20851

| ong as at taweitionslctecinigueer lA]s such, Rueification of aunha:hhtyhalg coube ddficquitg Forahis1 to
10 carbon atons. The present vent| n furt& cl udes | ow vwater | i cone
conposi t { on¥men FFaefn "‘P‘hé“‘g %cﬁm ?ﬂ)r?érf’ ki F°s % oUE: Xruﬁ?al?krﬁfssuch
| ow wat er sbﬁbﬁgﬁgmﬁmposmlons contact 5 - |enses made from such
conpositions, and net’hods for reducing the noduli of |ow water silicone
conpositions. An advantage of the subject invention is that the nononer

units descri bed w it ‘\?}'e{ﬁ’ ?ﬁ%%h@‘feﬂﬂ{n@mﬂs S‘ﬂ%d%ﬁglgh {é}ﬁcﬁ’ﬂf,g &ésreﬁiwél?%\»’at er

silicone conposi | cant I ng ‘'t he oxygen
per neabi | i t;noduth tetga frons D0 gimig® pnhbpueﬂi(bgﬂnm?pcﬁlrﬂlemre,ﬁumppmnmeuclt #cthe

Zﬁgjl ;gte 100 formation o co;xtsact enses, St towy ere%Etanflsomgéan%%&aﬁy clef ma ahifacrRble

(c.g., capable of being molded, machined, etc.) have acceptable oxygen permeability,
biocompatibility and resist deposit formation. Moreover, low water materials are desired

which can be easily sythesized, purified, and analyzed.

15 SUMMARY OF THE INVENTION
The present invention is a monomeric unit useful for reducing the modulus of low

water polymeric silicone materials and is represented by Formula I:

M
Ra)x 3
A—R ——Sli {—(—O—S‘i—)mD—(-CFz—),TM]Z
Rely Rq

20  wherein:
A is an activated unsaturated group;
R and D independently are an alkyl, alkylene, or haloalkyl group having 1 to 10 carbon
atoms wherein said carbon atoms may include ether linkages therebetween;
M is hydrogen, fluorine, or alkyl group;

25 Ry, Ra, R and R, are independently selected from: alkyl or haloalkyl groups wherein
ether linkages may be included between carbon atoms; siloxane groups; and groups having 6
to 18 carbon atoms;

m is an integer equal to 1 or greater; n is an integer from 110 20; x and y are O or I,
zislor2,andx+y+z=3;
-4-



and may be polynerized within silicone-containing nononeric units to form
| ow water silicone materials without significantly effecting optical
clarity. 15 DETAI LED DESCRI PTI ON OF THE | NVENTI ON The
present invention relates to nononeric units represented by Fornula |
(descri bed belved720881d t he use of such nononeric units to reRTRESIEME307
nmodul us of | ow water polyneric silicone conpositions. Low water silcone
conpositions of the present invention are formed by pol ynerizing a nononer
m X conpri si ng lbfigas at leasttonk of R, aiRyis aidlkylgrayipthapieg Gremt 1, toldGtcarbon atofB.
preferably from about 30 to about 60 wei ght percent of silicone-containing
nmononeric units, and fromabout 1 to about 50 wei ght percent, but

preferably from 5 iR pesehCinUéttion RirfRP incRidesTRMOWRte! Siliconk cdmpeyitions Gitludihghlie
Formula 1: (1) [err] 25 wherein: A is an actiyvated unsaturated group, R and

D i ndependent $upjegt mongmesiciupits, rasthods doromaking sush dow mipter sHisens qompositions, eqntach
carbon ato ' ' r . | i e

O e k™ AL Hhdde JiHnf sl BRboRHORE B et ek reBLARY the! MEARCSH low water
PCT/ US96/ 1830silidene sorpaditiogen, fl uorine, or al kyl group but preferably
hydrogen or fluorine; Rerr], Rerr], Rerr] and R err] are independently
selected from alkyl or hal oal kyl groups wherein ether |inkages nay be

i ncl uded between cgy R@vinBig@BY: the Ishbj¥c NAvediion IS that e MoABMEr GnitsC B¢stdbed] With
groups having 6 to 18 carbon atons cycl oal kyl groups and aronmatjc

groups 5  suteferense o dippmulgr b redyse téﬁeﬁgm&w Pﬁt“éﬁé’r’at%fgﬁi@m?‘? ompeyitions cwithout

I's an intggergiiRihdy toneihy the?Bigén Hefméibibly bF the resulting polymeric composition.
Furthermore, the subject monomeric units are relatively easy to synthesize, purify, and analyze,
and may be polymerized within silicone-containing monomeric units to form low water

silicone materials without significantly effecting optical clarity.

15 DETAILED DESCRIPTION OF THE INVENTION
The present invention relates to monomeric units represented by Formula I (described
below), and the use of such monomeric units to reduce the modulus of low water polymeric
silicone compositions. Low water silcone compositions of the present invention are formed by
polymerizing a monomer mix comprising from about 1 to about 99 weight percent, but more
20  preferably from about 30 to about 60 weight percent of silicone-containing monomeric units,
and from about 1 to about 50 weight percent, but preferably from 5 to 30 weight percent of

monomeric units represented by Formula I:

o
Ry)x 3
A—R ———in {—(— O—Sli—)mD—(—CFz-)iM]
z
25 (RZ)‘V R
wherein:

A is an activated unsaturated group;
R and D independently are an alkyl, alkylene, or haloalkyl group having 1 to 10 carbon
atoms wherein said carbon atoms may include ether linkages therebetween;
-5~



zZis 1 or2;andx+y+z=3; so long as at |east one of Rlerr] or Rerr] is an

al kyl “group having from1 to 10 carbon atons. 10 Mononeric units of
type represented by Formula | can be synthesized by techni qgues well known
in the art. Specific nethodol ogies for maeking preferred nononeric units are
provi ded w tyhbB7idasy Exanpl e section bel ow. In sonme preferrgdrgghagigrents, z
Is 1, and Rerr] through R err] are independently selected 15 from al kyl
groups, e.g. lower alkyl groups such as those having fromI| to 10 carbon

atons, e.g. net hM'lshﬁ‘Jr@Q@n’ﬂﬁUrﬂQeralk?fﬁoupﬁﬂngférM Rydtgen ok fiidd; | ower al kyl

groups, as such nononeric units are significantly easiser to synthe5|ze and

anal yze. SpecifiBR, &aﬂpa@sRoﬁre independensly snbmdrﬁpmalm aerchajaalkyl groupswherein

represent ed nu e [l e, (11) r

silicone- coﬁ‘géf E{aﬁ'ﬁ r%r%e EH'SH tbgnéeg% cﬂébgalJﬁo'ﬁ% él?oirdr?a@% Lﬁ af"dl amma\/\% er
25 sili Con&xﬁﬂﬁﬁpgtdupmhamges Yei8 cirbomvitoms (é.5 ecyaloalkginglotipsiant Qrismai pitilps S
are provided in U S. Patent Nos. 4,136, 250; 4, 153,641; 4,740, 533;

5,034, 46"; smbmp*pfs 8’8"!’2150 000; 5,310, 779; -6- WO 97/ 20851

PCT/ US96/ 18307 tafe 5alt§ﬁ"3?§nfehﬁr SASHhe %er(ﬁfonﬂpm 26;30h&y are 0 or 1;
silicone- contalnlng nDn meric unit$ 1 nélude ethylenicall end capped"

si | oxane- cont ai néiad ar@handex + ¢ tatF 8s used in the subject corrp05|t|on may be

Lﬁg;? 3?2: gg g(r)(r)unslélslgngl Ays at ?east o(ne \cQ'R{ &t ﬁ} I8 ﬁﬁyel‘ g&u;a’%avm nﬂo A"l 810 cax%%rll Xt%}ngd

10 Monomeric units of type represented by Formula I can be synthesized by techniques
well known in the art. Specific methodologies for making preferred monomeric units are

provided within the Example section below.

In some preferred embodiments, z is 1, and R, through R, are independently selected
15 from alkyl groups, e.g. lower alkyl groups such as those having from 1 to 10 carbon atoms,
e.g. methyl, ethyl, propyl, etc., and fluoro-substituted lower alkyl groups, as such monomeric
units are significantly easiser to synthesize and analyze. Specific examples of preferred
monomeric units include those represented by Formulae II and IH:
D
i
\rko/\/\éi’o\éi/\/\o/\(cpz)4—n

2 b

()

0

N I 0/\/\éi,0\ I i/\/CF3
|

Applicable silicone-containing monomeric units for use in the formation of low water
25  silicone compositons are well known in the art and numerous examples are provided in U.S.
Patent Nos. 4,136,250; 4,153,641; 4,740,533; 5,034,461; 5,070,215; 5,260,000; 5,310,779,

-6-



R and R' independently are an al kyl or al kyl ene group having I to 10
carbon atons 10 wherein the carbon atons may include ether |inkages

t herebetween, R err] through R err] are independently selected from
smonoval ent hydrocarbon radi cals or hal ogen substituted nonoval ent

hydr ocar bon r @ Y&081having 1 to 18 carbon atons which nay ir@oiusdeisaether

| i nkages therebetween, but preferably are chosen fromthe groups described
with reference to Rlerr] though Rerr]; ais an integer equal to or greater
than 1; b anchnd ;358,995 Specific eamples DS applisable siljeangicontaining inapomsrie upitsingjude ¢

equal s an int r.fromil,to 1000., Preferably, t u er

i ndependent | f'elg’gqné’ Yed €P¢-57RP ky’l'k”éf‘PS'lfB%&gWé ﬂ%‘?‘% s“%gt%gﬂﬁend t{é% Ky ject
groups. |t i Scohipbéitiéti m#y 8 represesited edrmala Iveast one of Rlerr] through Rerr],
i ncludes a fluoro-substituted al kyl group such as that represented by the

formula: [err] 20 wherein: D is an alkyl or alkylene group having 1 to
10 carbon at wherein said carbon atons may i nclude ether |inkages

t her ebet ween; i s hydrogen, fluorine, or alkyl group but preferably
hydrogen or fluorine; and spis angpteger fgom | tog,20, pggferably 1 to 6.
25 Wth respect to A, A, ahd A", kthe term!ac ivatbﬁ% i slused to describe
unsat urat ed groups whAZhRIT !‘f]‘@é—a?ﬂ B Q_o?éﬁé@o?t‘ iTePRTSIRRI TR faci | i t at es

free radical polymerizationg,Prefquably the,activatgpg grpyps facilitate
pol yneri zation under mld conditions, such as -7- WD 97/ 20851

PCT/ US96/ 183Qyhepenpi €nt tenperatures. Al though a wi de variety of such groups
may be used, preferably, A A, and A" are esters or am des of an acrylic
or nethacrylic aciAl andpr asesstivatedynsawsatefogrovps, f or nul a:

R’ and R”’ independently are an alky! or alkylene group having 1 to 10 carbon atoms
10  wherein the carbon atoms may include ether linkages therebetween;

Rs through R); are independently selected from monovalent hydrocarbon radicals or
halogen substituted monovalent hydrocarbon radicals having 1 to 18 carbon atoms which may
include ether linkages therebetween, but preferably are chosen from the groups described with
reference to R; though Ry; a is an integer equal to or greater than 1, b and c are integers equal

15 to or greater than 0; and a + b + ¢ equals an integer from 1 to 1000.

Preferably, Ry through R, are independently selected from alkyl groups and fluoro-
substituted alkyl groups. It is further preferred that at least one of Rs through Ry; includes a
fluoro-substituted alkyl group such as that represented by the formula:

—D'—(CFz)s —M

20  wherein: _
D’ is an alkyl or alkylene group having 1 to 10 carbon atoms wherein said carbon
atoms may include ether linkages therebetween,;
M’ is hydrogen, fluorine, or alky! group but preferably hydrogen or fluorine; and
s is an integer from 1 to 20, preferably 1 to 6.
25 '
With respect to A, A’, and A”, the term “activated” is used to describe unsaturated
groups which include at least one substituent which facilitates free radical polymerization.

Preferably the activating groups facilitate polymerization under mild conditions, such as

-7-



[err] 5 wherein X is preferably hydrogen or nethyl but may include other

groups, e..g cyano, and Y is preferably -0-, -S-, or -NH, but is nore
preferably -0-. Exanples of other suitable groups include vinyl carbonates,
¥inyl carbamates, acrylonitryl, and styryl. Still another exanple of a

suitable gr fﬂtfsk des N-vinyl-2-pyrrolidinone-(3, 4, or 3\¥uyssssdiown in
- the foll ow g‘g ?errura 4 10D, R R, and R represent di val ent hydrocar bon

radi cal s, preferably al kyl or al kylene groups having | to 10 and which may

i ncl ude et her Jrn t I
al kyl ene grgmps }%@%@%u}?% gg?ﬁ%ge atonsor!IiElx%gfgﬁugg o} ?bgﬁ}g?\@g*éﬁmssw A

i ncl ude et WJaﬁleA m’emssel‘semremmﬁestgﬂasmryhp@nmﬂbc acid repressuted hweegveeral
etc., arylene 15 radicals such as phenyl ene and bi phenyl ene, and

-0-(CH err] YoM 4zherein q is preferably 1 to 6. Specific exanpl es of
preferred nmononeric units include those r present ed by Formul ae V and VI:
- 8- WD 97/ 20851

PCT/ US96/ 18307 (V) [err] (V) [err] 5 r#y e, f, and g, are integers
fromO to 1000, d + e equals an |nteger from 2 to 1000 preferably 2 to
100,

5 wherein X is preferably hydrogen or methyl but may include other groups, e.g cyano, and Y is
preferably -O-, -S-, or -NH-, but is more preferably -O-. Examples of other suitable groups
include vinyl carbonates, vinyl carbamates, acrylonitryl, and styryl. Still another example of a
suitable group includes N-vinyl-2-pyrrolidinone-(3, 4, or S)yl as shown in the following

formula:

10 : :
D, R, R’, and R” represent divalent hydrocarbon radicals, preferably alky! or alkylene

groups having 1 to 10 and which may include ether linkages between carbon atoms.

Preferably such alkyl or alkylene groups include 1 to 6 carbon atoms. Examples of such

groups include methylene, propylene, butylene, pentamethylene, hexamethylene, etc., arylene
15  radicals such as phenylene and biphenylene, and ~0-(CH2jq-, wherein q is preferably 1 to 6.

Specific examples of preferred monomeric units include those represented by Formulae
V and VI:



f+ g equals an integer from2 to 1000, preferably 2 to 100, 10

wherein e and g are preferably integers fromabout 20 to about 50, and h is
an integer from1l to about 20. The synthesis of nononeric units as
represented by Formula IV, V, VI, and simlar nononeric units are well
known in the woter2@seci fi c exanpl es are provided in the Examoirasosmsior

bel ow. . Furt her exanples of suitable silicone-containing nononers include
bul ky pol ysil oxanyl al kyl (meth)acrylic nononmers represented by Fornmula VII:
- 9- WO 97/(8§851 :

PCT/ US96/ 18307 (VIIl) [err] wherein: X denot es -0- or -NR-; each err],

i ndependently denot@®s hydrogen orCHset ac FH§ |ndepende
denotes a | ower _al kil radical org ad h.is | to|0 uch
bul ky nonomers TRetU '@\hmp(ypr tr| |tr| Mmla .
Anot her preferrediclass of silicdddsc &hs i ncl udes
silicone-contai niﬁﬂs 10 vinyl car bonate or Y nybﬁgarebamate nonomer s gﬁ
Formula VII1: (VII1) [err] wherein: IY® denotes -0-, -S or -NH;
Rlerr] denotes a silicone-containing or ganic r&bscal; Rlerr] denot es
hydrogen or nethyl; dis 1, 2, 3 or 4, and qis O or 1. Suitable
silicone-containing organic radi cal s R[err] i nclude the foll ow ng:

VD

CH3 CH3 E}h Hj |
! ~—O-+-Si— i~0
™ 0 /\/\/ l 0 l 0 1 l\/\/\o Z
H3 H;

Hz
(S—-CHz—-(CFz)h-H

wherein:
d, e, f, and g, are integers from O to 1000,
d + e equals an integer from 2 to 1000, preferably 2 to 100,
f+g eciuals an integer from 2 to 1000, preferably 2 to 100,
10 wherein e and g are preferably integers from about 20 to about 50, and

h is an integer from 1 to about 20.

The synthesis of monomeric units as represented by Formula IV, V, VI, and similar
monomeric units are well known in the art. Specific examples are provided in the Examples

15 below.

Further examples of suitable silicone-containing monomers include bulky
polysiloxanylalky! (meth)acrylic monomers represented by Formula VII:



0 -(CHerr])n, Si[(CHerr])mMCHerr]][err] -(CHerr])n'
SI[CSi(CHerr])mCHerr]][err] WO 97/ 20851

PCT/ US96/ 18307 [err] wherein: 5 Rlerr], denotes [err] wherein p' is
¥ to 6; R22 denotes an alkyl radical or a fluoroalkyl radical having 1 to 6
carbon at ons; waQs0ss: eis 1 1t0200;n"isl,2, 3or4;andmisQ, pl.2 3, 40905 The
silicone-contalning vinyl carbonate or vi nyI car bamat e nononers
specifically include: 1 ,3-bis[4-vinyl oxycarbonyl oxy)but- 1

-yl ]tetramet hyl.-disil oxane; 3-(trinmethyl silyl) propyl vinyl carbonate;

3- (vinyl oxyc nyl thio)propy]-[tris(trimethylsiloxy)silane]; 3-[tris 15
(trimethylsiloxy)silyl] propyl vinyl carbamat n,]g
3-[tris(trimethylsiloxy)silyl] propyl al | c Ranat e;
3-[tris(trimethylsiloxy)silyl] pro Vi ny carb ﬁate

t - butyl di net hyl si | oxyet hyl vinyl c bonat e; met el sil yl et hyl vi nyl
carbonate; trinethylsilylnmethylayi Ja(étl-b)nna%&o-a i#R,9/2D25", represent ed
by Formula I X. 20 (I'X) [err] Alfurther prefé)rred cl ass of

si |l i cone-cont ai ni ng nononers inc es rmn%rrer (}{ Re Formulae X and XI: 25
19—Si—Ryg

19

wherein: :
X denotes -O- or -NR-; each R,s independently denotes hydrogen or methyl; each Ry
5 independently denotes a lower alkyl radical or a phenyl radical; and his 1 to 10.

Such bulky monomers include methacryloxypropyl tris(trimethylsiloxy)silane.

Another preferred class of silicone containing monomers includes silicone-containing
10 vinyl carbonate or vinyl carbamate monomers of Formula VIII:

(Vi)
0
\I(CH"’)Q\OJ\Y s

0

wherein:
15 Y’ denotes -O-, -S- or -NH-;
RSi denotes a silicone-containing organic radical;
Rao denotes hydrogen or methyl; dis 1,2, 3 or4;and qis O or 1.

Suitable silicone-containing organic radicals RS1 include the following:
20
«(CH2)p Sil(CH)mCH3]3

-(CH2)y Si{OSi(CH2)m'CH313 ;

-10 -



WD 97/ 20851

PCT/ US961/ 8307 ( X) E(*D*A*D*G a*D*A*D*E' ; or (xI)

E(*DG DA a*D*GD'E; 5 wherein: D denotes an al kyl diradical, an al kyl
cycl oal kyl diradical, a cycloal kyl diradical, an aryl diradical or an

al kyl aryl dir agoembhesepvi ng 6 to 30 carbon atons; G denotes apchuldshssor
diradical, a cycloal kyl diradical, an al kyl cycloal kyl diradical, an aryl
di radi cal or an al kylaryl diradical having | to 40 carbon atonms and which
may contain ether, 10 thio or amne linkggesiin the main chain; * denotes
a urethane or ureido linkage; ais at |epgt 1;] A denotes a dival ent

pol yneric radical of Fornula X | :—1€Hhg$—PgRe] wherein: each Rs

i ndependent|y denotes an al kyl or fl uorotRy4bstfituted al kyl group having I
to 20 10 carbon atonms which may contaih ethef |inkag@s between carbon
atons; m is at least 1; and p is a nunber which provides a noi ety weight
of 400 to 10,000; each of E and E' independently denotes a pol ynerizabl e

unsat urated organic radi cal represented kzzFo rrulﬁszI [: 25 (XII1) [err] -12
) —(CHy)H$i—0 %i—Rzl
22 Je Ra
wherein:
5 Rz denotes

_(CHz)p' —Oy\ .

whereinp'is 1 to 6;
R22 denotes an alkyl radical or a fluoroalkyl radical having 1 to 6 carbon atoms;
10 eis1to200;n'is1,2,30or4;andm'is 0, 1,2, 3, 4 or 5.

The silicone-containing vinyl carbonate -or vinyl carbamate monomers specifically
include: 1,3-bis[4-vinyloxycarbonyloxy)but-1-yljtetramethyl-disiloxane; 3-(trimethyl silyl)
propyl vinyl carbonate; 3-(vinyloxycarbonylthio)propyl-[tris(trimethylsiloxy)silane]; 3-[tris

15 (trimethylsiloxy)silyl] propyl vinyl carbamate; 3-[tris(trimethylsiloxy)silyl] propyl allyl
carbamate; 3-[tris(trimethylsiloxy)silyl] propyl vinyl carbonate; t-butyldimethylsiloxyethyl vinyl
carbonate; trimethylsilylethyl vinyl carbonate; trimethylsilylmethyl vinyl carbonate; and
"V2D2s", represented by Formula IX.

20 (IX)
CH; [CH; | CHy (o)

\/0 0 LS e }— '
F \(CH2)4—§‘ O §| o) él CH)s 0)\0/\
H; Hj H;
25

A further preferred class of silicone-containing monomers includes monomers of the
Formulae X and XI:
25

-11-



WO 97/ 20851

PCT/ US96/ 18307 wherein: R err] is hydrogen or nethyl; R err] is hydrogen,
an al kyl radical having 1 to 6 carbon atons, or a -CO Y-R err] radical
wherein Yis -0-, -S or -NH; 5 Rlerr] is a dival ent alkylene

radi cal havia,g]?], 10 carbon atons; R26 is a al kyl radical ct}f% to 12
car bon at ons; @éadr%btes -CO or -0OCO; Z denotes -0- or -NIPI-; rwgghotes an
aromatic radical having 6 to 30 carbon atons; wis Oto 6; xis Oor 1; vy
is Oor 1; and z s O or Q AReferred urethane nononer is
represented by F&{r{}ml a (Xllgfst.}) SRR rA]*Bé 0T tBa 15 wherein mis at
least | and is preferably 3 or 4, ais at least | and preferably is 1, pis
a nunber which p i des a ipRigtpMal *@p*£00 to 10,000 and is preferably
at | east 30, R[eprzp is a dlﬁeadi cal ?)’?@a di i socyanate after renoval of the

| socyanate group, such as the diradical of isophorone diisocyanate, and
each E" iss awvlgreimip represented by: [err] 20 The nononer m x of the present

i nvent i on ey i ng) 468 iy Qo bl MRltafoyFifalicSa EfcRablyl AldaRtel, BOBYH S
internal wetti n_ggadgégnt ]sq ﬁsf:gr aQp ﬁi,l C rr%ans{;lrer g((}:' uni ltcs y lg)(r)ughenélﬁng agenffg,
and ot her adéfpdica) of analkylary icplhgifige orfo P garbon atoms; 3 WO 97/ 20851
PCT/ US96/ 18307 G denotes an alkyl diradical, a cycloalkyl diradical, an alky! cycloalkyl diradical, an aryl
diradical or an alkylary! diradical having 1 to 40 carbon atoms and which may contain ether,
10 thio or amine linkages in the main chain;
* denotes a urethane or ureido linkage;
ais at least 1;

A denotes a divalent polymeric radical of Formula XII:

15 (XID)
R Rs
—(CH;, %,i-o "éi—(cnz),.,-—
Rs R
P
wherein:

each Rs independently denotes an alkyl or fluoro-substituted alkyl group having 1 to
20 10 carbon atoms which may contain ether linkages between carbon atoms;

m’ is at least 1; and

p is a number which provides a moiety weight of 400 to 10,000,

each of E and E' independently denotes a polymerizable unsaturated organic radical

represented by Formula XIII:
25 |
(X
Ra3 '
R"‘\(k(cnz»—om— DAy —Res—
R4

-12 ~



Al t hough the previously described ethylenically term nated

si | oxane-cont ai ni ng nononeric units forma crosslinked three-dinensional
net wor k when pol yneri zed, additional crosslinking agents nay be added to

t he nmononmer m x. Exanples of suitable crosslinking agents incl ude:

pol yvi nyl , tymwaeddegsidi - or tri-vinyl nononers, nost commonlBCse6/s307 or 5
tri(meth)acrylates of dihydric ethylene glycol, triethylene glycol,

butyl ene glycol, hexane-1,6- diol, thio-diethylene glycol- dlacrylate and
met hacryl at e; whgementyl glycol diacrylate; trinmethylol propane triacrylate
and the |iKke; dr.oxyet h e- bi sacryl am de and - bi snet hacryl am des;
al so diallyl corrpoﬂﬁlf)s/h fi"ﬁé‘ 'é? ﬁ‘a pht hal ate and triallyl cyanurate;

di vi nyl benzene; et]twlxssh}dr@ey,(nnl allyl vidsop] hayingek to G eatberhatomaearty £0-Y-Bs gadical

esters of pol y P inS¢shoas 1(9 | et hanol aniine, glycerol, pentanerythritol,
butyl ene gl yco manni toI or bléj Fur her i1l ust rat O”Srfdﬂﬁy'l de 1
NN- et hyl ehe- bi s- (Rastdhd Svalg e radieal baving 4 1910 athop teres, R i 1ca

di vi nyl sul f onkavingl s10 lmfhohamms Xhiznotes &20-cor 00681 Z denasés 0 chr aNIAz| Arydenotes
(meth) acryl at 3CQRYANRAS % @'to ©XR1U & 1. 985 6 8AFdn@2 is 0
product of 2- ?ﬁ%&e@ﬁ%t}‘%@gg’@r ate vnﬁ%t;h 2w'| so?:yanat oet h?ls met hacr yllsate
(1EM as di sc?‘bbed in US. ‘Patent No. 4,954,587. 15 O her known
crosslinking agents are pol yet her-bi suret hane-di nmet hacryl at es as descri bed

in US. Paj ent No. ﬂ‘%’ Hé,k‘%g.f. ka ed by reaction
of pol yet hyI ene gl yé p%prgg{%f’élﬁg’%gfeﬁegﬁﬁ pol yt tra?n met hyl ene gl ycol

with 2- isocyanatoethyl nethacrylate (JEM or
m i sopr openy| XAV)- di met hyl benzyl isocyanates (in- 20 TM) and

pol ysi | oxane- bi sur et hane- di met hacryl at es_as descyi bed iyn .. Pat ent S.
4,486, 577 and 4,{609, 712. i1l other knoyn crossfinkin %e @hare th
react i on pr odug -Ber OWZC%Q@WWO Byt REQUE Ho gl*a’r(@ﬂ of
pol yvi nyl alcohl-cﬁ ethyﬁ;ene with 0.1 toH10 % Vi nyl é}ﬁnates I[ilke
IEMor mTM . 2 Al t hough not required, conpositiofms wthin ta
scope of the present invention may include toughening agents, preferablly in

quantities of |ess than about 80 wei ght percent, and nore typically fr
about 20 to about 60 wei ght percent. Exanpl es of suitable toughening agents
are described in U S. Patent No. 4,3271R03. Hhese agents inclHde c;H:I oal kyl

acrylates or nethacryl ates, such @_.om!mm.l-mqﬂzgnp@qdnm SR,
tertiarybutyl cycl ohexyl S 8 é é

15  wherein m s at least 1 and is preferably 3 or 4, a is at least 1 and preferably is 1, p is a number
which provides a moiety weight of 400 to 10,000 and is preferably at least 30, Ry is a
diradical of a diisocyanate after removal of the isocyanate group, such as the diradical of
isophorone diisocyanate, and each E" is a group represented by:

CH;

Z OvCHZ_
|

20

The monomer mix of the present invention may include additional constituents such as
crosslinking agents, internal wetting agents, hydrophilic monomeric units, toughening agents,

and other additives as is well known in the art.

<13~



30 nmet hacryl ate, isopropylcyclopentyl acrylate,
tertiarypentylcyclo-heptyl nmethacrylate, tertiarybutylcycl ohexyl acrylate,
i sohexyl cycl opentyl acrylate and nethylisopentyl cyclooctyl -14- WO

Q7/ 20851 PCT/ US96/ 18307

acryl ate. | exanpl es of suitable toughening agents, cri bed
in U.S Pat eg? 9%&5 355,147. This reference describes pol ycg@%ﬁ%ﬁ °|7yl at es

or nethacryl ates such as i sobor nyl acryl ate and nmet.-hacryl at e,

di cycl opent adi enyl t yLip
met hacryl ate, and Al‘@% gégr%ﬁqf"g@cr r?’e@ it y cr%QP‘“?‘g& IL—I ?‘ﬁ%qtmmng
exanpl es of &onomﬂgbmm form ageosklinked ﬂxrqmnd)menthﬂall netwbrks. whca tpelyinefileed, additional
5,270,418. This reference desc branched a dr ox cyc] oal kyl. .
acryl ates, mefossl ABEWUs may, I‘gﬁ?cfj@s h&rﬂ?“ﬁﬁ‘?hg‘@/yﬁxy o‘éj siitsble crosslinking
Represent at i \y exﬁg< SHehldes pbnpﬁhﬂd@pxcﬁnﬁ ubtarydnm.?yl RVGHoREMC YiidlsO Boiabnly the di- or
net hacryl ate Do 4-t- lhzx_l 2-"hydroxycycl opentyl mnet hacryl a%’

Sl

net hacryl éxyanﬁ )acrylatsap&ﬂ hileng \glyre m&ﬁe glyce), busplgemglyeol, hexane-1,6-
3- hydr oxycycl e ryd a n I
5- hydr oxycycl B’e)r(\1 gﬁﬁahﬂa&eﬁf} Weﬁge l‘étebél%o é{{‘{/] %gycér ﬁ&{?@&%
wat er f or mul atimedhglofpeopane) arisaglategartdh ehedike;a bl N‘+d1bydnixyahy1éne¥bi§aenylaah® and -

| nt er nal L ng s, typ do not acgount r

percent of th’é““!?ﬂﬁg'a@ﬂq y‘ds ‘ii”&br"@m%‘l‘ﬂ%?ﬁv Bllyrl' B‘fy?n%“é‘ fran
15 10 wei ghfivikMehsink; etﬂﬁaﬁrgxycegmhylmsaad @%e‘ﬂ)&r?%“ektﬁis%ﬂ%%ls%ﬁdﬁ&e nt
or conbination of wetting agents used. |n any event he total water

content o t Hdethanolamine, glvicereh pentanesythiitel, |b@y§enp iglysolamannitol andisgrhitoh e Fusther,
0, Oy A Y3 ANy o, Uiy e,
trial kyl sil| yldivangisnifores Assodmsefnl afecttie lreacublSproBactte of hidroxyalk§bQndi)acrylates 3vth
?:a[eg'; f] E?:?E;) %Pb @en%ﬁ%&@ﬁ r% gg\%%ghg%f qu?i-hydroxyethyl methacrylaté with
2-isocyanatoethyl methacrylate (IEM) as disclosed in U.S. Patent No. 4,954,587,
15
Other known crosslinking agents are polyether-bisurethane-dimethacrylates as
described in U.S. Patent No. 4,192,827, and those crosslinkers obtained by reaction of
polyethylene glycol, polypropylene glycol and polytetramethylene glycol with 2-
isocyanatoethyl methacrylate (IEM) or m-isopropenyl-y,y,-dimethylbenzyl isocyanates (m-
20 TMI), and polysiloxane-bisurethane-dimethacrylates as described in U.S. Patent Nos.
4,486,577 and 4,605,712. Still other known crosslinking agents are the reaction products of
polyvinyl alcohol, ethoxylated polyviny! alcohol or of polyvinyl alcohol-co-ethylene with 0.1
to 10 mol % viny! isocyanates like IEM or m-TML.

25 Although not requireéd, compositions within the scope of the present invention may
include toughening agents, preferably in quantities of less than about 80 weight percent, and
more typically from about 20 to about 60 weight percent. Examples of suitable toughening
agents are described in U.S. Patent No. 4,327,203. These agents include cycloalkyl acrylates
or methacrylates, such as: menthyl acrylate and methacrylate, tertiarybutylcyclohexyl

30 methacrylate, isopropylcyclopentyl acrylate, tertiarypentylcyclo-heptyl methacrylate,
tertiarybutylcyclohexyl acrylate, isohexylcyclopentyl acrylate and methylisopenty! cyclooctyl

-14-



E is hydrogen or nethyl, 25 Gis (CHerr])(OOsi (V)[er] or
hydrogen, V is nethyl, ethyl or propyl, qis an integer forml to 15, r is
an integer forml1lto 10, g +r is an integer form1 to 15, hereinafter
feferred to as NATA. 30 -15- WD 97/ 20851

PCT/ US9611830 WOr¥/208dy| - and net hacryl oxy-, nono- and di car RGIWSI&180 no
acids, hereinafter NAA, inpart desirable surface wetting characteristics to

pol ysi | oxane pol yners, but precipitate out of siloxane nononer m xtures

bef ore pol yneadrylatei dvdditional exgmplescof suikable toughehing agants are descebeddin 4. S. Patent No.
trial kylsilyl ' j | ' Ly.Sii e
Lol omer s Thevass HT L FerBi dERERed Filftybilc dNIREPSY AbRArRES R ak ShdsBHAT
trimet hyl si | yacryihtemant anethdcrylare) | didyelopéntadienyk acrylatk \and inkejliaciylate, adamantyl acrylate
met hacryl oxygl utamate,. trinmethyl - N net hacryl oxy: 6- am nohexapoat e, .

ri ot hyl oi | oRSNRDBYale, S8 JSHPITRRHHBID AGELNE A Mapgte.  Further examples of

bi s-tri metdyl pajhehing Nigehts € pydvittell iR D3B! tPaieRt NB sIz,eo,mJl \gaﬁs: t}é?&elﬂﬁed&&béd SO

i nclude acrylic and nethacrylic acids, and derivatives er eof

Typi cal | 'y, subranched talkyl hydeorylscysioalkyl gerylatess methaeryBtese periiamisies od t meshacryte

conposi tion. Qt.her ferr i I.WF ing. LS.l xazolones as
described in ﬂ“geﬁs‘ Pg{{ %ﬁ?se g&‘%%&G tgL'Frqgebrql'% tét% YQ'P’%#?’?‘&%HP erﬂ(':aﬁ%%te
1989. These n@BB)j al A-chnylbe-hyipmgsyidpentybymethacryldtg frethaiyxydntins-#-tsbosd-24 n:
Rierr] and R[hGyrd[' xygyrc thPaﬂg;pegﬂseo%Ml, S36- y%x%gyc]orhgxr?l hlxgtﬁa%gy?ar{e;ogn rrtlet lcr"ylo%]-d

10  amino, 2-isohexyl, 5-hydroxycyclopentane.

Internal wetting agents are commonly used in low water formulations for increasing
the wettability of such materials. Internal wetting agents typically do not account for more
than 20 weight percent of the composition, and more commonly do not account for more than

15 10 weight percent, depending of course upon the specific wetting agent or combination of
wetting agents used. In any event, the total water content of the resulting composition is less
than about 5 weight percent water, and more commonly less than about 1 or 2 weight percent
water. Examples of suitable internal wetting agents include N-alkyenoy! trialkylsilyl aminates

as described in U.S. Patent No. 4,652,622. These agents can be represented by the general

20 formula:
CH=C(E)C(O)N(H)CH(G)(CH;),C(0)OSi(V)s
wherein:
E is hydrogen or methyl,
25 G is (CH,),C(0)OSi(V); or hydrogen,

V is methyl, ethyl or propyl,

q is an integer form 1 to 15,

r is an integer form 1 to 10,

q + ris an integer form 1 to 15, hereinafter referred to as NATA.

30
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Rlerr] and R err], are independently selected from nethyl of cyclohexyl
radi cal s. '20 These preferred internal wetting agents specifically include
2-i sopropenyl 4, 4- di net hyl - 2- oxazol i n-5-one (| PDMO),

-2-vi nyl 4, 4-di net hyl - 2- oxazol i n-5-one (VDMO), cycl ohexane

spi ro-4'- (2" weopresenyl - 2' - oxazol -5' -one) (1 PCO), cycl ohexaeeaspéiisserd’ - (2' -
vi nyl -2' - oxazol.-5'-one) (VCO, and _

2-(-1-propenyl)-4, 4-di met hyl - oxazol - 5-one (PDMO). 25 The preparation of
such oxazol ones iAsryoyd\andi methdegyloiyt, mond- iand dizsboxylie iniino adids, hétainafdr NURA,
4,810, 764. -16- ) V\(P 97/ 20851 . . ..

PCT/ US96/ 18 mpartdesicable,susfage welting phamcietisticste pelytiloxans polymees, butipresinitats out of ¢
features m'sp&aﬁ@mnammr&s Befbr! polyrAkeizatichlis %ﬁf&&ﬂﬂmﬁﬁ%% thddifiéd &Y

are relatively non-gol ar and are conpatible with the hydrophobi ¢ nononers

(the pol ysi Iforxmtriskylsilyl estars whichyire mione;readjyrineprporated into polysiloyanerpelymens, eTheed

to highly pal I n L ds m | D) XS] | | t s gl
wetting é (?ﬁegr Cteri s‘ﬁ;%sg en 6@1“?‘@?@%’%‘5‘"?‘%‘%‘#2 ldé%ﬂgd?] e OW lt}ﬁer
conponent s, pietitaeRddxygiatamate, fifimethel-N-hetmeryloxy-@ranihoherinoatey tvgehyjlsilypNhyiethr | ze
t hrough the carbon-carbon doubl e pond with the endcaps of the polysil oxane
NONONEr s, amwykﬁnﬂﬁ@mﬂérﬂnﬁg‘séﬁE’ﬁwgl'{ﬁéil‘lpﬂ?%afﬁ' PRI npterial s
particularly useful in biomedical devices, especially contact |enses. 10
Further exanples of internal wetting agents include hydrophilic nononeric
units such as t h8sferthdswetting @génts Q!.SGincl%dG aonylioyand methacrglic agids, and zigGvarives

5. 310, 779 g | Fyvictly, Mo gleit g Smocke ks ek 3 oft P of e

herei n by rebmpesition. Exanpl es of such hydrophilic nononers include both
acrylic- and vinyl-containing nononers. 15 Preferred hydrophilic nononers
may be either acrylic- or vinyl-containing. Such

Other preferred internal wetting agents include oxazolones as described in U.S. Patent

No. 4,810,764 to Friends et al. issued March 7, 1989. These materials can be represented by

15 the formula:

wherein:
Ros and Ry are independently selected from hydrogen or methyl, and
Rso and Rj; are independently selected from methyl of cyclohexyl radicals.
20
These preferred internal wetting agents specifically include 2-isopropenyl-4,4-
dimethyl-2-oxazolin-5-one  (IPDMO), 2-vinyl-4,4-dimethyl-2-oxazolin-5-one (VDMO),
cyclohexane spiro-4’-(2’isopropenyl-2°-oxazol-5’-one) (IPCO), cyclohexane-spiro-4’-(2’-
vinyl-2’-oxazol-5’-one) (VCO), and 2-(-1-propenyl)-4,4-dimethyl-oxazol-5-one (PDMO).
25  The preparation of such oxazolones is known in the art and is described in U.S. Patent No.
4,810,764.
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hydrophi lic nononers may thensel ves be used as crosslinking agents. The
term™vinyl-type" or "vinyl-containing" nononers refers to nononers

contai ning the vinyl grouping (CH2=CQH), and are generally highly reactive.
Such hydrophilic vinyl-containing nononmers 20 are known to _polynerize
relatively ea®0%//2088pcrylic-type” or "acrylic-containing" nﬁ%ﬂ%‘?%‘sﬁwe

t hose nononers containing the acrylic group represented by the formul a:
[err] wherein X is preferably hydrogen or nethyl and Y‘irfs prefer bla)é -tlQe}'ri
-0Q, -NH, -NQ dhasepreferred intergh avelting agentshave Sve npastantfeappies wnigp make
substituted al kyl - Telps =1 AT IY, nlioladd @hd/ 4¥e lcbmBatibRawith V.
Preferred hy&%%%’ﬁ??%?%@%gg?ggﬁ?ng)g{neggrrerslve\/r?%';s‘z:oh "%ay be incofpa orat ed
into the | ow thathgdropimbizomohinmers (thé polysiopares end thertougheniog agentduand () HHaFe
such as N-vinyl lactans ,-17- MO 9.7/ 2085, . g . .
PCT/ US96/ 183@"(%’?*’6.‘0;@5)1’%9?‘%§'P%|‘FHJ8 8 T‘h\)ﬁj“)’?’yﬁ‘& Jyhich, impart sbstantial wetting
acet ar mi deg [aaiehistis, Skl poRyafiiaed MGt Prevéndy bf fie aitiiey coporrents] aleopalymer iy |
formam de, with NVP being the nost preferred, Preferred hydrophiljc

acryli c- cont aformedy Fhese iatemalWetsing agsts,polymerize shroush: the; Gartignicaon, double hond, o
of the present.J nventd ' bhd ] Nests 18 b
acryl am de ([m&i} %Zaﬁfl:%{rloé(%% #&psn”et.ﬁé;g? b+’g§gnmgaﬁ3§far&oelsﬁgng%eﬁggr yl a%gie

2- hydr oxyet hyt¢opolyinerc mytedals garticulariyhseful/inibiomedical devidesaespgaially cantpet lenggst h DVA
bei ng the nost preferred. Wen both an acrylic-containing nononmer and a

vi nyl - cont ai ni ng nononer are 10 incorporated into the invention, a further
crosslinkyglg agentr i SampRs bf iinefﬁanweuﬁsgdﬁans melnge hydirgphilig meonomatié enityr sncip
may be used, such as the crosslinkers which are the sub'%#ech U. 84 Faie,nt
No. 5,310, 779s thosectesoribed 1in, UsSyoPatent nNogn ;258,465 4200 6% ATRRIS: (4,910,277,

I ncor por at ed I Sy?ﬂ, 0% 3¢ I [0 887 662; all
resul ting cop@?i‘ﬁgﬁ?%?g’???f%(@pgm’ab efﬁl?b\?/’e%\}g’??@’tsﬁezhggg’ogl'ﬁrﬁér coul d al so
be cured sol ebfywhigh hemincorporated hérein by refamrice.e Examplgn @f such hydrophilic monomers

include both acrylic- and vinyl-containing monomers.

15
Preferred hydrophilic monomers may be either acrylic- or vinyl-containing. Such
hydrophilic monomers may themselves be used as crosslinking agents. The term "vinyl-type"
or "vinyl-containing”" monomers refers to monomers containing the vinyl grouping
(CH7=CQH), and are generally highly reactive. Such hydrophilic vinyl-containing monomers
20  are known to polymerize relatively easily. "Acrylic-type" or "acrylic-containing” monomers

are those monomers containing the acrylic group represented by the formula:

o

X

wherein X is preferably hydrogen or methyl and Y is preferably -O-, -OQ-, -NH-, -NQ- and -
NH(Q)-, wherein Q is typically an alkyl or substituted alkyl group. Such monomers are known
25  to polymerize readily.

Preferred hydrophilic vinyl-containing monomers which may be incorporated into the

low water compositions of the present invention include monomers such as N-vinyl lactams

17~



.15 heat reginmen. Photo and/or thermal initiators required to cure the
copolynmer ‘wll be included in the nononer mx, as is well-known to those
skilled in the art. O her crosslinking agents which may be incorporated
-into the silicone-containing hydrogel including those previously described.
20 Qwbarndsschni ques for increasing the wettabilitypefyussymrsysi tions
may al so be used within the scope of the present invention, e.g. plasnma
surface treatnent techniques as is well known in the art. Particularly

preferred | qugViRhvityl pavolidond (1OVIB))CNGhiyl-Membthginackainides N-viyl 0t ethy? la6@irhidgf 25
nmononeric units represented by Fornula I, from 30 to 60 weight percent of

t he mononer Nf“ﬂﬂTN‘eWPEE@H{’%éJ‘WY‘W“%F wish NyiFbeineshe mostpsefamedaei ght
percent of a toughening agent. Such formul ati ons may al so include
additional’ constituents such as octafl uoropentyl net hacryl ate, (OFPMA).
Such nononeri c uPiefereddhydrophilic/anryliesiontathingshonpmersowhichmas bkmoarporated e ther t .
Rel at ed terial descrjbhed in U S. Ratent..No. 4 810, 764 3 i S
i ncor por g? egy(h@ezi(ﬁrﬁ\? W&"feg* dfveation mc{?ﬁe 9"#5@5’& Thonomers sugx as %’N"Yi\ﬂe&y
PCT/ US96118g&ylarhive (IDMANE 2-IiidicxgethylD hiesictylate, t glycerdl nimeiihérplate, CRRydRSyEthAdi | Y
cured to cast shapes by convent|onal nethods such as, UV pol ynerization, or
thermal pol Methacrylamide,methacrylisacidand jappylic aqh mithDMAbeing thasnesy prefested; n

pol ymeri zi ng ethylenically unsaturated conpounds. Representative free

radi cal thermal polynerization initiators are organic peroxides, such as 5
acet al peroxi de, Whemrtwti apescylicebontaihinga mopomere angl iadwipylsiogaining mpeoreri are,

benzoyl .peroxide. .tertiarybutyl r L val.at e roxydi car honat and. t he
ke, ” Bl o b ol B ipRLEn of Rpe BniPrudlaciecR ety Bp B v 3 o
the total mpolgmerizablexgroupe majRderused; nush iay ehd bokstinkeraivtlich ¢ ehé Adft kATVE i n
the field such as, benzoin, net %I et her, henzgin et he;l et her, Darocure
1173, 1164, PotentNo1 331,77 sgnedday 10. 50354 thg sptinecsontentief which ésineorporated by 184
(G ba- Gei 9Y eferdfte herein. Such crosslinkers help to render the resulting copolymer totally UV-curable.

However, the copolymer could also be cured solely by heating, or with a combined UV and

15 heat regimen. Photo and/or thermal initiators required to cure the copolymer will be included
in the monomer mix, as is well-known to those skilled in the art. Other crosslinking agents
which may be incorporated into the silicone-containing hydrogel including those previously

described.

20 Other techniques for increasing the wettability of compositions may also be used within
the scope of the present invention, e.g. plasma surface treatment techniques as is well known

in the art.

Particularly preferred low water compositions comprise from $ to 40 weight percent of

25 monomeric units represented by Formula I, from 30 to 60 weight percent of the monomeric
unit represented by Formula IV, and from 15 to 40 weight percent of a toughening agent.
Such formulations may also include additional constituents such as
octafluoropentyimethacrylate, (OFPMA). Such monomeric units may be synthesized using
techniques known in the art. Related materials are described in U.S. Patent No. 4,810,764

30  which is incorporated herein by reference.
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Pol yneri zation of the nmononeric units of this invention with other
conononers is generally perfornmed (with crosslinking agents) in the
presence of a diluent. The polymerization product will typically be in the
formof a gel. If the diluent is nonaqueous, the diluent nust be renoved
fromthe gel WA&/2089 aced with water through thée use of extRCRASINSINE and
hydration protocols well known to those skilled in the art. In addition to
t he above-nenti oned polynerization initiators, the copol yner of the present -
i nventi on may al s®he¢ mohamks mixdsemployexbinghis uusntm,ldanlbe readibaewred tor eastoshapes by

skilled in the art e, nonQ col or
UV- absor bi ng chbvgﬂqog s'ﬂ%tﬁo%ssngba "W]Bglé'mﬁﬁ’ba ™ on\bteﬂ'énﬁ wgé%qﬁé’nosr cggng ﬂk%‘g
present invekptierédf, RisO\cotidniyatugéd ainS polynetizisg nethylenicully Uluhsatizated oxzadpdlmds t he
fabrication of prostheses such as heart val ves .and intraocul ar nses

films, sur g. Bapreerewrs@ﬁee ﬁ@m ﬂm’a)epg ympgizatiop 1WHQRS; 7, OESANIC; wm efich @s
devi ces, %@,{1 a

bl ood vessel S, artl |crgﬂtup(§)i gte art i)?lgfmgr%%? lﬁég(g%de% Igm r’g%eés

i ntended to wtm'ybmquaemmxwate vpetdxy&hwbodatw antl the dike,cempddyed firea lconbpntratiog of
menbr anes for s _an /I un nd t .

ot heter s, | ot 0 o8kl oy it pHIEE lora pfloBamicRFe JRGHreabSting IV niisors
fes pecidal |y cafet 6se hmeml .thé@eld such as, b'Ei%_ npﬁk&‘lmeétﬁerp?eﬂzbiﬁseth)‘l\bﬁ{&h Dirobid@ be
ormed into contact enses i ncasting processes (such as_those .

i scl osed | n 107 b S PRa 16, So5 ARG eubics anisasmpire 530 end b4 Cobg-Geig).
WO 97/ 20§51 PCT/ US96/ 18307
or any other known nethod for making contact |enses. Polynerization may be
conduct ed either Pmlytaenqatwmoﬁg\enmnwmeuc ualtssoﬁthnsommomd: otberr epomonbersgis t o

a desired con The l,.e fur e

nmechani cal %]ne ‘?’nﬁﬁé@e@c@ Si 8'35%'8@%018%" ‘%m y rgf ?%fa%/’ g ‘Esegt The

conduct ed i npdpm&mmppmaﬁa wilbtyd:cmy bedn gl fotnDoff zogdh Ifithé dilmem iplnaﬁaqaedizs, ther
whi ch h d t | i shed | at

|r ggZ’r ) t |0ch g@.leg;[ Elggthgg? {)\%%efrsosme the gel gnd reglzlilced %rnthp»(\)vatlersth?ougg It}?e usae o eext?arction

15 and hydration protocols well known to those skilled in the art.

In addition to the above-mentioned polymerization initiators, the copolymer of the
present invention may also include other monomers as will be apparent to one skilled in the
art. For example, the monomer mix may include colorants, or UV-absorbing agents such as

20 those known in the contact lens art.

The present invention provides materials which can be usefully employed for the
fabrication of prostheses such as heart valves and inﬁ’aocular lenses, films, surgical devices,
heart valves, vessel substitutes, intrauterine devices, membranes and other films, diaphragms,

25  surgical implants, blood vessels, artificial ureters, artificial breast tissue and membranes
intended to come into contact with body fluid outside of the body, e.g., membranes for kidney
dialysis and heart/lung machines and the like, catheters, mouth guards, denture liners,

intraocular devices, and especially contact lenses.

30 The polymers of this invention can be formed into contact lenses by spincasting
processes (such as those disclosed in U.S. Pat. Nos. 3,408,429 and 3,496,254), cast molding,

=10 -



lens having a desired shape. Wen used in the formation of contact |enses,
it is preferred that the subject hydrogels have water contents of |ess than
about 5 wei ght percent .and nore preferably | ess than about I 10  wei ght
percent. Furthernore, it is preferred that such hydrogels have a nodul us
from about 20wgsme@st o about 150 g/ M2, and nore preferablypérossaemut 30
g/mierr] to about 100 As an illustration of the present invention, several
exanpl es are provided bel ow. These 15 exanples serve only to further
illustrate as;pmny sthef khdven imthedtfmomaﬁngl ceinamllehsmt Polgmenzation mag bascohdustedi ng
the invention, ow wat er 9 ysi | oxape conposiftions r

bt par od. - calHE H FETIBE R 05F PEREanRoL BURPERURE (3 TR poftcy 6o Sape.
constituent S:Thet Rfs Ghdly ItRNifisElel YsubREH NS GflechhrdiédX Mfishir@Nt Al HcBWBiolD B&AZNS.C
units represented by Formula V, the npnoneric units represented by Fornul a

1, and oct aﬂ’plymeawnv wmhaemda@ted !mraeprﬁamtemomrme@seldwfmw@m Plates
OFPMA. Th
trifl uorogrgggfuag‘t% %‘}(‘éﬁ -co %gg ?‘GICE 7 | nmet r‘?yllat %rggéﬁé &@i@eg‘%ﬁﬁg

as "65-TFP, " lemha\pngemdasmeﬂ shapd. ol | ows. Cct arret hyl cycl ot etrasi | oxane (39. 4g,
0.133 nDIe) trifluoropropylcyclotrisiloxane (154.3g, 0.33nple) and
nmet hacryl oxybut yl t et ranet hyl di si |l oxane (6.3g, 0.015nple) were added 30 at

room tenperature {heRuscdin theTBintalich bf siifack el 1€|fs¥;r£féﬁ'éﬁﬁ§trihe subject hydrogels
Trifluoronethanesul fonic acid (0.54g, 3.6mmple) was added f1e reaction

m xture was Severwater qoptentsof jess alwaﬁmshgnerccnt md/m@m_fqam less than about 1
PCT/ US96/,4 83Q4 ﬁ;m E&EJ?I?nﬂughe}Aﬁﬁre g‘?ﬂgur A lyﬁﬁ? lsﬁéﬁ%gwogﬁlglﬂme fﬂr%flﬁl@!‘{r@&\%&ﬁt

and t he stlrrl ontl nue € neu
procedure, cho cg/mﬁ\?) tonab&f Oi0sg/mnets amti shede preferablye freml altoiio B0 \gAmmiité aboun\ieD

magnesi um sulg}n%})ﬁ and filtered using a 5[err] mllipore Teflon filter. The

As an illustration of the present invention, several examples are provided below. These
15 examples serve only to further illustrate aspects of the invention and should not be construed

as limiting the invention.

Example I
Ten low water polysiloxane compositions were prepared, each consisting of various
20 amounts of three primary constituents: the ethylenically terminated siloxane contﬁining
monomeric units represented by Formula V, the monomeric units represented by Formula 11,

and octafluoropentylmethacrylate, hereinafter referred to below as OFPMA.

The monomeric unit represented by Formula V, ie. poly (65 mole %
25 trifluoropropylmethylsiloxane)-co-(35 mole % dimethylsiloxane), referred to as “65-TFP,”

was prepared as follows.

Octamethylcyclotetrasiloxane (39.4g, 0.133 mole) trifluoropropylcyclotrisiloxane
(154.3g, 0.33mole) and methacryloxybutyltetramethyldisiloxane (6.3g, 0.015mole) were added
30  at room temperature to a round bottom flask under dry nitrogen. Trifluoromethanesulfonic

acid (0.54g, 3.6mmole) was added and the reaction mixture was stirred for 24 hours. Sodium

=20 -



filtrate was placed on a rotary evaporator and the chloroformwas renoved.
The resultant 5 prepol yner was added dropwi se with rapid stirring to
500m of methanol to renove the unreacted cyclics. The polynmer |ayer was
col l ected and the procedure was repeated twice. Following the third
fractionation, M2 ymrer was col | ected, dissolved in di et hyACH{YS#183¢f | ed
over magnesi um sul fate and again filtered through a 5[err] filter. The
filtered solution was placed on the rotary evaporator and the diethylether

was renpved. Thiearbanate wasithen-added tor the viscqusJeaction produgt apd the; stisarg eantipusddpr &
for 4 hours ( 2 m%ﬁ o ' | .C

nol ecul ar st rﬁé:otugsr' e Fgm‘{;ﬁ% tip‘)ﬁr“ F‘?l e 8@%&@%@58‘36{0%@'@ %ﬁgﬁsi ?dr?g‘?jhgg/ t[l{Iel\/R
spect roscopy. sbhiiomwasdded oven mageesimputfate andfiltdred waingra$millipore Teflon filter. The

| - (met hacryl o

(2,2,3,3, 4,4, ﬁ%@%ﬁ‘%&ﬁs gB é#?’m svappraigy apd the hioroform, was remgyed, - The. resylapt,

to bel ow ass " Mapolyiidr WisCifle® GropwiseOwith ipid (firing tbT 500k BF infbtha8bl to remove the
trimethylsil y:\@f)]?otected h drox‘ﬂﬁ?o yl mra- nmet hyl di sil gxane 20 To a |IL

round bott om fynsearted cyeliese Ihe polymer Jayercwas sallecs the praqsdyye wasTepeated) tvjce.
| 1yl oxytrinet i Q7 7ﬁigrgh o .
?TRIy S?;(?/i E)Ihgﬁy@ghg’y ﬁlﬂﬁé ’%rfﬁ%g?ﬁar%)lct rﬁg gﬁg%‘gﬁ Sd?sg? ]v%dofnu‘gﬁtgybqﬁré dried
sol ution is heakeeoagresiB[selfat¢ Gidf againifilteret throgghaa Spfilter.h The filkeredh solgtiani veas iplaced
hydri de i t ed h | - NVR t . The,tol ' d
A L S TN
(65[err] C fo Snggkilim stfippeddsdt 809 for 3holiR4at@R WP EN to Pémdvel 16W inttilécalal Weig]!:t cyclics.

protected hydroxy propyl tetranethyldisiloxane. (b) Preparati on

1- (3-t ri met hy| Biel yolesylar sisyatyre 3f( the (purified 63-TFFP4 (550g. 75%) was confirmed by NMR
oct af | uor opent B%%st&{pﬁpy') tetramet hyi di sil oxane 30 To a 1L round bottom
flask is added trinme yl silyl protected hydroxy propyl

t et ranet hyl di si | oxane (60g, 0.227 nole), allyloxyoctafluoropentane (74. 1g,
0.272nmol e), -21-  The monomeric units represented by Formula II, i.e. 1-(methacryloxypropyl)-3-(3-

15 (2,2,3,3,4,4,5,5-octafluoropentoxy)-propy!) tetramethyldisiloxane, referred to below as “MO,”

was prepared as follows.

(a)  Preparation of trimethylsilyl protected hydroxypropyl tetra-
methyldisiloxane
20
To a 1L round bottom flask is added 1,3-tetramethyldisiloxane (100g, 0.774 mole),
allyloxytrimethylsilane (97.0g, 0.779mole), 0.008g of a (TRIS(triphenylphosphine) rhodium)
chloride and 400mls of toluene. The solution is heated to 80°C for two hours at which time
the silicone hydride is reacted as shown by JH-NMR spectroscopy. The toluene is removed
25 using a rotoevaporator and the resultant oil is vacuum distilled (65°C/1.5mmHg) to yield
127.5g (64.8% yield) of trimethylsilyl protected hydroxy propy! tetramethyldisiloxane.

(b)  Preparation of 1-(3-trimethylsilyloxypropyl)-3-(3-(2,2,3,3,4,4,5,5-
octafluoropentoxy)-propyl) tetramethyldisiloxane
30
To a 1L round bottom flask is added trimethylsilyl protected hydroxy propyl
tetramethyldisiloxane (60g, 0.227 mole), allyloxyoctafluoropentane (74.1g, 0.272mole),
21~



WO 97/ 20851

PCT/ US96/ 18307 pl ati num di vi nyl tetranethyl disiloxane conplex (1 13ul,
.002nol e/ ul catalyst), 200m s of THF and 200m s of 1, 4-di oxane. The
solution is heated to 80[err]C for three hours at which tine the solvent is

renoved usi Ngygofskeevaporator. The resultant oil is passed é.}.}{,%wggi?ﬁOg of
silica gel using a 10/1 m xture of pentane and nethyl ene chrorl e. e

solvent is renoved using a 5 rot oevaporator and the resultant oil is

vacuum di sti Lib@&eind didR{1QEkddidthyIdisTidkine Joﬁlplekgmuw@oﬂrm cafalyst), DOmUSETHF
1-(3-trimethylsilyloxypropyl)-3-(3-(2,2,3,3,4, 4,5, 5-octaf | uoropent oxy- pr opy
1) tetranet hindR0miscmfdifediokane. Thpselptionsis heatedhto 80°C for three hours at which time the

1- (et hacryl é)%f‘)/eﬂ §B¥+§a&e§éu{s$|§famﬁ$§?p§rﬁor4’ Pheredlfithid oitsd passed through 50g of silica

f | uor opent oxy) - pr I'SI' T oxane
1- ( 3-tri met hydl abihg b A8 niRre bf Pentane @ad methyldnelchlorides-The tselventds fenpeed Qsibg a

) tetra- t hyl di sj 53.7g9, O .l ngpl ' ' lved,ipn 540m of
et hanbl 5 ToeieRepasipLanihe Feeninabel syainm deillzd TS0 nmd 16 yiad 164 e | o
at room t enpgy Aok, EimreThe(ﬂr?ﬂeWyﬂiM@xﬁPdpﬂ'l)@d(gf(gﬁ,ﬁﬁlm 55-octalRidfopehtdxy-Popyl)

sol vent is rempved on a rotoevaporator at 40[err]C’ The resultant oll 15

di ssol ved i nteg@oethyldisiloxangexane and washed four tines with distilled water.
The organic layer is collected, dried over nmagnesium sulfate and filtered.
The filtered reaction product from above,

(1- (3- hydroxypropyl ) - ZeX 3- PeeparatioBof)-fmdhdoryl@&§propyl)-3-(3-(2,2,3,3,4,4,5,5-octa-

oct af | uorpent oxypr opyl ) - t gusreperirdiy)-gropyl) ctannetbyldisioxa@, 0.1 nole), is added
to a 1L round bottomflask along with triethylamne ( 11. Ig, 0.11 Onvole).

The solution is cooled to OC and net hacryl ox¥ chloride (11.5g, 0.1 nole) is
sl owly added. FollrGriFimsthylsilylaamranyBr-GrRebhadSyi-ostafluern-pantax¥ | pravsh sit@t i on

is b ht t : ' irg ik :
'S Dbroug MRethil S EHGS T U6, Pmdtefhs dlsbdiiadn 54bnit! mef%ﬁdﬁg*{g 'El%mﬁpﬁn r.geagggaiay

t he resultant soﬁiutlon |s_extracte(§ _tV\DtIrT'ES W L, \ _|mas
wi t h 2N NaO-.8mbiofi a\d0%:i soltioniof Rcetic acid| at cobmvtemperatureie The guixtiee is ayjreed fog one

col l ected. and drig Y/ A sium syl e . T 1.0N kS, f .
t he sol vgsnt nl?"sl,’ ¢ ra%drig'sg?}s%né in §v°fd(; “oae}\é)égpeg%%of%?#&'ﬂﬁgj:'ﬁéﬂseu@?‘%n t %li l% 8%%%%2’2%
t hr ough 509 300 rils bof heéxagehnd washed fout fifés Witk Histilled a¥atey e Mhe byanio dayerisivpllens,

chloride. The,solvent is renmpved ing a rotoevaporator and the
tfne?i over magnesslum mqi)ate andﬁtereg. P

The filtered reaction product from above, (1-(3-hydroxypropyl)-3-(3-(2,2,3,3,4,4,5,5-

20  octafluoropentoxypropyl)-tetramethyldisiloxane), (46.3g, 0.1mole), is added to a 1L round
bottom flask along with triethylamine (11.1g, 0.110mole). The solution is cooled to 0°C and
methacryloxy chloride (11.5g, 0.1imole) is slowly added. Following the addition of
methacryloxy chioride, the solution is brought to room temperature and allowed to stir
overnight. The next day the resultant solution is extracted two times with 1N HC!, two times

25  with 2N NaOH and two times with distilled water. The organic layer is collected and dried
over magnesium sulfate. The solution is filtered and the solvent is removed using a
rotoevaporator. The resultant oil is passed through 50g of silica gel using a 10/1 mixture of
pentane and methylene chloride. The solvent is removed using a rotoevaporator and the
resultant oil is vacuum distilled (120°C/0.1mmHg) to yield 34.1 grams (64% vyield) of a 95%

30 pure 1-(3-methacryloxypropyl)-3-(3-(2,2,3,3,4,4,5,5-octafluoro-pentoxy propyl) tetramethyl-

disiloxane monofork.
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resultant oil is vacuumdistilled (120[err]C0. ImmHg) to yield 34.1 grans
(64%'yield) of a 95% 30 pure 1 -(3-nethacryl oxypropyl)-3-(3-(2,2,3
,3,4,4,5, 5-oct af | uor o- pent oxy propyl) tetranethyl- disil oxane nonof ork.
.- 22- WD 97/ 20851
PCT/ US96/ 1830WoAzayer vi ew of this synthesis is represent edPETUSE8307
follow ng reaction pathway: [err] 5 Synthetic Schene Used To Prepare MO -23
- WD 97/ 20851 _ ) .
PCT/ US96/ 18307 ThaneRaeiev of thiasyntiesiofs rgidemed Mihe followirereaction pathway:t en
conpositions are provided in Table | below Each of the constitituents of
each sanple were conbined in the ratios indicated in 5 Table | along with
a UlV initiator and m xed, for ggproximtely 20 m nutes. Each of the ten
conpositions were then cpst as p>filmfor mechapi caprggoperty eval uations
using the foll ow ng pHecdupe—Sitths of* each Sition were cast between
silani zed gl ass pl ates h a O'I§ nm Tef | on spacer using cure conditions of
2 hours of UV at an intehSity oq' 33500 [emhWcenR. The UV initiator was
Darocur 1173 (0.5% concentration). The gesultant filnms were extracted 16 10
hours in 2-propanol and two hours in distilled water followed by a 16 hour
hydration in phosphate-bufferedagline GaH 7.3). The mechani cal properties
of films were determwunstron i\/bael 4500 usi ng ASTM et hods 1708
i (

and 1938. Oxygen per Qa-s—?l—
CH, CH,
ptl 0N R H
.0
™Mo~ s;——o-——?i/\/\o’\(CF,).H
CH, CH,
l HOAC
?Ha CH,
H0/\/*s:__c__?i/\/\c/\(c’::m_l
CH, CH,
CH,
LA
(o] .
i PP
ﬁ/lLo/\/\S;—O-—?iN\o/\(CF“H
CH, CH, CH,

Synthetic Scheme Used To Prepare MO
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deternj ned using the pol arographi c probe nethod (1. Fatt, |I.E Rasson, and
J.B. Melpolder, ICLC J, 14, 38 (1987). The hydrolytic stability test

consisted of heating the test filnms in 15 phosphate-buffered saline for 3,
5, 7, and 14 days at 80[err]C and nonitoring the change in weight and water

content. The {@shbds;0f mechanical properties evaluation for, gach. l e
conposition are provided in Table |I. TABLE I Conposition oung' s
Modul us Tear Strength Oxygen Perneability (W. % (g/ M)
(g/ mm) iti i

: gg%ﬁ;f?egi/ﬁg )35%5 SFE4TP. oMY @Z@"gﬂf@ for the ten composifions artGrovided
275 70/ 10/ 20in Table Ibelow. 74 3 240 60/ 20/ 20
58 2 220 60/ 0/ 40 351

29 213 55/ 5/ 40 188 29

190 50/ 10/ 40 Each of the cbilstitituents of each samp}é were combined in the rd¥ids Aididebdd4n
68 24 ) Y 155,40/ 20/ 40 . . 73

26 5  Table I algng yvithay)PYinitiator and mixed forsapproximately 20 minutes) gEach of the ten
145 20 - 24-

PCT/ USot 13367 MEont Sei e s 2 fip for mechapicl prgprty exaoins i pe ollowing
pol ysi | oxanepmseduwesi Fiinmnef epcleqmmpeditiom werecastbatwedn silanized glhssiplited wigh & 03 mane
manner as degehl Pedoduiile tGRREGlibS SPAIRIE of v Bt b it iRity of 3500 pWiem?. The
UV initiator was Darocur 1173 (0.5% concentration). The resultant films were extracted 16
10 hours in 2-propanol and two hours in distilled water followed by a 16 hour hydration in
phosphate-buffered saline (pH 7.3). The mechanical properties of films were determined on an
Instron Model 4500 using ASTM methods 1708 and 1938. Oxygen permeability (DK) was
determined using the polarographic probe method (I. Fatt, J.E. Rasson, and J.B. Melpolder,
ICLC J., 14, 38 (1987). The hydrolytic stability test consisted of heating the test films in
15  phosphate-buffered saline for 3, S, 7, and 14 days at 80°C and monitoring the change in
weiglit and water content. The results of mechanical properties evaluation for each sample

composition are provided in Table L.

TABLE 1
Composition Young’s Modulus | Tear Strength Oxygen Permeability
(Wt. %) (g/mm?) (8/mm) (barrers)
65TFP/MO/OFPMA
80/0/20 110 5 360
75/5/20 79 3 275
70/10/20 74 3 240
60/20/20 58 2 220
60/0/40 351 29 213
55/5/40 188 . 29 190
50/10/40 121 36 NA
45/15/40 68 24 155
40/20/40 73 26 NA
30/30/40 44 29 145

20

24



5 exception that nononeric units represented by Formula Il were
substituted for those represented by Formula I1. That is,

| - (met hyacryol yoxypropyl )-3-(trifluoropropyl) tetranethyidisiloxane) (MIFP)
-was substituted for MO  The specific ratios of each constituent along with

mechani cal prwparkesseval uations are provided in Table 11. 1@cTABsasior
Conposi tion Young's Mbdul us Tear Strength Oxygen
Permeability (W. % (g/mjerr]) (g/ mm

(barrers) 6STFP/ MIFP/ OFPMA 60/ 0/ 40 Example II 351 29

213 50/ 10/ 40 189 58 178 40/ 20/ 40
89 A@:xample 11 consisted ofl flitec! FdW Qdatdr pUldildxane tOiposfoNEPspated, aridear

strength, and oxygen perneability data for filnms cast fromthe 65TFP. / MO I

OFPMA, and t evaléBadtin substamtially thersmmyr nfapner as slescsibed with respect 4o Exaraple L wighthene
data provided, t ] o} [ Lt St o - . r d
by For ml S rceplign 1o Hbhonile ikt ptibinlel by FErmilp 18 AT SRR BFARLEC
bot h | ow wat eeprésentedi| by i HosnulExHnpl hit | is,2 0l -(methyacryolvexypeapyl)sSr (rifbsapropyl)

bet | | ene . ant eri d_poster.] | ing the. 65TFP /. MO
[ GrP (451 1 apmpieinbisiare] (NS it Susbadin B Dy 75 THE st Agios: & b ng

the cure conqiphdiinidht Aoy With MBehgfical pripeRieviltiatiorisare provideERTRbleEr € 1 el eased
in toluene and extracted overnight in toluene at roomtenperature. The

| enses were plasnma treated using conventional air plasma techniques
resulting,n contact |enses that possessed excellent wetting 25
characteristics. -25-

TABLE II
Composition Young’s Modulus | Tear Strength Oxygen Permeability
(Wt. %) (g/mm?) (g/mm) (barrers)
65TFP/MTFP/OFPMA '
60/0/40 351 29 213
50/10/40 189 58 178
40/20/40 89 40 148

Tables I and IT show the modulus, tear strength, and oxygen permeability data for films

cast from the 65TFP / MO / OFPMA, and the 65TFP / MTFP / OFPMA formulations. As is

15 clear from the data provided, the subject monomeric units, i.e. MO and MTFP (represented by
Formulae II and TII, respectively), significantly reduced the modulus in both low water

formulations.

Example III
20 Lenses were cast between polypropylene anterior and posterior molds using the 65TFP
/ MO /OFPMA (45/15/40) formulations with 0.5% Darocur 1173 as UV initiator using the
cure conditions listed above. Following cure, the lenses were released in toluene and
extracted overnight in toluene at room temperature. The lenses were plasma treated using

conventional air plasma techniques resulting in contact lenses that possessed excellent wetting

25  characteristics.



MO 97/ 20851

PCI / US96/ 18307 Exanple IV Al though the synthesis of nmonomeric units
represented by Fornmula | are known in the art, an additional representative
-synthesis is provided. Mre specifically, the preparation of 5

Met hacryl pr L{oct af | uoropent yl oxypropyl di - met hyl si |l yl ;
nmet hyl si | angpiggw%rhélvi ded below. (a) Preparation of Met hag%lp%gfg%‘r%pyl

met hyl di-(nmethylsiloxy)silane To a three neck round bottom flask equi pped
with a thernoneter and magnetic stirrgg.tSepgded
met hacr yl oxypr opyl di chl or onet hyl si | ane g 0.104 nol e),

di met hyl chl i 39. 2 . | ' . :

tol'e) and 280m Athseh e ileds et meoleEy s ebrescftel Sy ol { s ichowll P
to -15[err]da, lafickddiéib?ﬂlréﬁdsen?ﬁw sy@nﬁ\é:iﬂ is ﬂoﬁ?ﬂi. nbloe? spesiﬁsdllyy\khf rytehimﬁo?_}iﬁe _
reaction is allowed to come_to room tenperature.. slo nd. t he, reactjon is
sti rred Sovavathagrytpropyk qﬁ@ﬁ'ﬂﬂ‘f%"“ﬁ’iﬁ’%’?‘%ﬁdﬁ' tgetf}ﬁglp{é@(&h%@@y&%smmp{wd

distilled v?eg . The ether layer is collected, dried over nmagnesi um
sulfate, filtered and the diethyl ether is renoved using a 15
rot oevaporat or. The Ka@sul Peaperation of Methsasyloxspeipyt methdi-(metbylsiloxy)silape 1 5nm)

i 50% vyi.el d..of 94% i ned. |
Lo S G et byl TR S ye ok 10N Bols R Bl ERBORP it thishoffEtel B NP LORY
di (ogt gf It ;quo?llagds )lfhanabpyls adgggfdibyl{iir‘]:gbtdmdtr ! Owuil?x;eo(?ﬁ);t 0204 ythale), adimethPicHlorosilaf® O

- DO om | . X .
(di et hiR si G920 PS i molfle theshxyming (455 P44 @) and 350s0), R anaydrosy Sstbetsre
(159, 0. 05%1&935.5‘%@ Citaf iﬂteodﬂ!d 18 -Pelahd Hmil]!ﬂd\@a&i{ (1469083 mdIuelisVyaddedd 0

ms of tetra uran. T solution is refluxed for one hour at which tine

" the sili conEhehredetiateisi allowed do cogmestosteomntemperniyresiawlys and; teec faagtinnolsystirredh e
THF and L | vl | A . : .
T oana unr Safig The VR0 G Hob IOF BRED AT irhe Wi IR SR ITRE ther ayer i

t1tat
met hacr yl pr ayigdted]i driedt aviet mgmiarélte;ul:mej}ﬂtapyladd ﬂ&agﬁmﬁbﬁl\é&z&mywusjﬁg ane
Ma th di ficati Jati f th t ti .
D02 bl B 1 cleteruersgatos «Th aarcil B opgmar e FOBHCRL Sy % B o Y0p4 g of
teachi ngs he49 iplire (h$ detérmine8 b GU) mettiadBiosmopy! thisdimethysilyloxy) silane. '

(b)  Preparation of Methacrylpropyl di(octafluoropentyloxypropyldi-
methylsilyloxy) methylsilane
20

To a 200ml round bottom flask is added methacryloxypropyl tris
(dimethylsilyloxy)silane (8.0g, 0.0249 mole), allyloxyoctafluoropentane (15g, 0.055 mole),
0.030 ml of a platinum divinyl complex (huels) and 80 mls of tetrahydrofuran. The solution is
refluxed for one hour at which time the silicone hydride is reacted as shown by 'H-NMR

25  spectroscopy. The THF and unreacted allyloxyoctafluoropentane is removed using a
rotoevaporator (50°C/30mm) resulting in a quantitative yield of methacrylpropyl

di(octafluoropentyloxypropyldimethylsilyloxy)methylsilane

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

specifically described.
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W thin the scope of the clains, the present invention can bﬁlmml"nﬂﬁllllnllll :
ot her than as herein specifically described. -26- WO 97/

PCT/ US96/ 18307 CLAI M5 1. A nonoreric unit represented by Forfulta ™ § *
(1) [err] wherein: Ais an activated unsaturated group; R and D

I ndependent | yweww2mbkyl , al kyl ene, or hal oal kyl groups havi pPQr/As%6as8ig
carbon 0 atons wherein said carbon atons nmay include ether |inkages

t her ebetween; Mis hydrogen, fluorine, or an alkyl group; Rl, R2, R3 and R4
are independently selected from alkyl GLARMSoal kyl groups wherein ether

| i nkages may be included between carbon atons; siloxane groups; and
carbocyclic ring groups having from6 to 18 carbon atons; 15 mis

an integer fromlto SQ@aondmeefic @ik represt@ifed by Femwlal.o 20; x and y are 0 or 1;
zis 1 or2;andx+y+z=3; so long as at |east one of Rlerr] or Rerr] is an

al kyl group having froml to 10 carbon atons. 2. The nmononeric unit of
claiml V\/?er?i nzis ], and R and Rerr] are independently 20 sel ected
fromal kyl' g 3ups having froml to 10 carbon atons. 3. The nononeric
unit of claim2 wherein at | east QR of s '3d al kyl groups is
fluoro-substituted. 25 4. The %norreri c unitqof claiml wherein
Ais a group selected fronn-a-nne—s&-ai{e(t-oa-nﬁd-hhn#-(-mﬁ#' acid or

met hacrylic acid. | | z

Raly

wherein:
A is an activated unsaturated group;
R and D independently are alkyl, alkylene, or haloalkyl groups having 1 to 10 carbon
10  atoms wherein said carbon atoms may include ether linkages therebetween;

M is hydrogen, fluorine, or an alkyl group;

Ry, Ry, R; and R, are independently selected from: alkyl or haloalkyl groups wherein
ether linkages may be included between carbon atoms; siloxane groups; and carbocyclic ring
groups having from 6 to 18 carbon atoms;

15 m is an integer from 1 to 500; n is an integer from 1 to 20; x and y are O or 1;
zislor2;andx+y+z=3;

so long as at least one of R, or R; is an alkyl group having from 1 to 10 carbon atoms.

2. The monomeric unit of claim 1 wherein z is 1, and R, and R; are independently

20 selected from alky! groups having from 1 to 10 carbon atoms.

3. The monomeric unit of claim 2 wherein at least one of said alkyl groups is

fluoro-substituted.

25 4, The monomeric unit of claim 1 wherein A is a group selected from: an ester or

amide of acrylic acid or methacrylic acid.

5. The monomeric unit of claim 1 wherein R and D are alkyl groups having from
1 to 6 carbon atoms wherein said carbon atoms may include ether linkages therebetween.
27~



5. The mononeric unit of claiml wherein R and D are al ky ' :
from1l to 6 carbon atons wherein said carbon atons may inclu Iﬂ“ﬂmﬂl ﬂmnﬁm
* ¢ L M5 x

| i nkages t herebetween. -27- WO 97/ 20851 _

PCT/ US96/ 18307 6. The nononeric unit of claiml wherein Rerr], Rerr],
Rlerr] and R gLy i ndependently selected from al kyl gro ving from
| to 10 car boﬁlr‘:’aglt"(%‘r?rdé?a 5 _ 7. The nononeri-c unit of L}%ﬁ&{g "fmalnerei n
nis fromlto 6 and mis froml to 10. 8. The nmononeric unit of claim1
represented by at |east one of Fornmulae Il and [err] [err] 9. A | ow

wat er polymeric silicone conposition fornmed by polynerizing a nononer m X
conpri si gg nonones) cdum:é ﬁloﬁ@ﬁéritstﬁﬂtd tabbhgm Fo»hemhfk.l Rz’[mﬂg Ilhhmléiiz(dclpenaeﬂty an
activated unsaturate roup, R and_D independent are al kyl, alkylene, or
hal oal kyl gr @éwedéw hgrowps evipg gt @t‘@ﬁé‘q’\%é@ésn sai d carbon atoms nay
i ncl ude ether |inkages therebetween,; WO 97/ 20851

PCT/ US96/ 18307 Mis hydrogen, fluorine, or an alkyl group; Rerr]Rerr],
Rlerr] and R[err] 7are Theiwpeompsiquniy of epioct whereip 88 frem1yto 6and ms framidytp 10.
groups wherein ether |inkages may be included between carbon atons;

si | oxane groups; and carbocyclic ring groups having from®6 to 18 carbon

at ons; 8. The monomeric unit of claim 1 represented by at least one of Formulae II and

II:

10 QD

()

0
|
N =

15
9. A low water polymeric silicone composition formed by polymerizing a
monomer mix comprising monomeric units represented by Formula I:
D
(Rll)x 11 3
A—R ——%i {—e o—s‘.i—}mn—(—cm—)ﬁm]
_ ) 1,

20 Raly -

wherein:

A is an activated unsaturated group;
- R and D independently are alkyl, alkylene, or haloalkyl groups having 1 to 10 carbon

atoms wherein said carbon atoms may include ether linkages therebetween,



5 mis an integer from1l to 500; n is an integer f :
and y are*0 or 1; zis | or2;andx+y+z=3; so |long as at Ieas[lmlﬁ"mﬂlwwmllll :
or Rlerr] is an alkyl group having from1 to 10 carbon atoms. %0.* o
conposition of claim9 wherein z is 1; Rerr], Rerr], Rerr], and R[err]
are i ndependewbloyzdger sel ected from aI kyl groups havi ng froncilusmlmmar bon
atoms; Ais a group selected from an ester or am de of acrylic acid or
nmethacrylic acid; R and D are alkyl groups having froml to 6 carbon atons

wherein said car bmsgg,&agemuodnedruﬁmkgtgmp,| I nkages t herebetween; mis
from1l to 10; and nis froml to sition, of.

clai m9 wherein t o Roforidd Re %1“9@"!‘%5‘%%%‘?%@&%% “ﬂg{%*@g&fﬁ@f’%‘@ﬂm
monomer i ¢ unf{h%r ft%é&%ﬁ%@@mﬁﬁdéﬁtb&ﬁ&ﬁtcaﬂaﬁ afdnsGloNatledfolps; &dCcattioeyclic @ing]

25 osition of claim 9 forned by pol ynerizing a
mononer m x shmngfmmé té &8 casbpnrajoms; 29- WD 97/ 20851

SPIC|T{ ggggl %gﬁ?; El?ﬁ’g‘ g%‘r& 35?#%6 ﬁ%r”t{e %%rq %)gi&or’ggﬁée:gent eJ by Formul a

1; and (b) fr omy @oosxt2; land R+ £350 wei ght percent of the nononeric units

represented by Fornula I The co ition of, cLaim1l rein said
Si Iol cone- cont gu ni pfgonaﬁwéwstoqu&%wm@'mmp% om k @%Péﬁﬁ?’ggémd by
Formula 1V: (1V) [err] 10

10.  The composition of claim 9 wherein z is 1; Ry, Ry, Rs, and R, are independently

10 selected from alkyl groups having from 1 to 10 carbon atoms; A is a group selected from: an
ester or amide of acrylic acid or methacrylic acid; R and D are alkyl groups having from 1 to 6
carbon atoms wherein said carbon atoms may include ether linkages therebetween; m is from 1

to 10; and n is from 1 10 6.

15 11.  The composition of claim 9 wherein the monomeric units represented by

Formula I include monomeric units represented by at least one of Formulae II and III:

{In
< .o
Yl\o AN ?l l /\/\0 /\(CF2)4—H
20
(I
i
%0 /\/\' oL | /\/CF3
25 12. The composition of claim 9 formed by polymerizing a monomer mix

comprising the following:

20 -~



wherein: A and A" are activated unsaturated groups; R and
| ndependently are an al kyl or al kylene group having 1 to 10 “H 'HIHHH,””“,
wherein the carbon atons may include ether |inkages therebetweers

R err] through R[err] are independently selected fromthe groups descri bed
with referen g err] though Rlerr]; ais an integer greater
than 1; b anﬁlac are I ntegers equal to or greater than O; ax’%lrﬁ'ts%”ﬁ”" _
equals an integer from1l to 1000. 20 14. The conposition of claim 13
wherein A and A" are I‘OL@?I sgl ectied. f e

acid or nethacrylic ?d & E‘CRI gore&fs?%’i} gg?‘é’g ’ét g?r'r%ame@alq@ ‘ﬁ' cgﬁ{a%mg

havi ng frormionbmerﬁcmntsb&erﬁhmﬁmsmhpresemedstm%mﬂalb;amdatoms may |ncI ude et her

| i nkages therebetween, R err hro h i ndependent |y sel ect ed
from al kyl groups havithg f’{'%ln“g?mftorgg g%d’l’%ﬁ"ﬁ 0 "gé!‘m?‘%?“‘ﬁne
of Rlerr] thgpisemteddFFérmulad. a f! uoro-substrtut ed al kyl group 15. The
conposition of claim 13 wherein said nononeric units represented by Fornul a

|V inclu8e nononeric units selected fromthose represented by Formulae V .

and VI, and conmbjpati

PCT/ US96/ 18307 ( [e 'ﬁﬂ]cog}?%)ﬁ%( Pf élﬁ?r 12 whe¥ih %64 g\ﬁgoigcontmmng monomeric units
comprise monomeric units represented by Formula IV:

amw)
Rg Rio Riz Ria 16
A‘-—R’—én-(—o—-?ll O-—?i O-—%i—)ao—fi—R"—A"
10 Ry Ru3 Ris Ri7
wherein:
A’ and A”’ are activated unsaturated groups;
R’ and R’ independently are an alkyl or alkylene group having 1 to 10 carbon atoms
wherein the carbon atoms may include ether linkages therebetween;
15 Rs through R;; are independently selected from the groups described with reference to
R, though Rs;
a is an integer equal to or greater than 1;
b and ¢ are integers equal to or greater than 0; and
a+ b + ¢ equals an integer from 1 to 1000.
20

14.  The composition of claim 13 wherein A’ and A” are groups selected from: an
ester or amide of acrylic acid or methacrylic acid; R’ and R” are selected from are alkyl groups
having from 1 to 6 carbon atoms wherein said carbon atoms may include ether linkages
therebetween; Rg through R,; are independently selected from alkyl groups having from 1 to

25 10 carbon atoms, and at least one of Rs through R, is a fluoro-substituted alkyl group.

15.  The composition of claim 13 wherein said monomeric units represented by
Formula IV include monomeric units selected from those represented by Formulae V and VI,

and combinations thereof:

-30~



10 wherein: d, e, f, and g, are integers fromO to 1000; d +
integer from2 to 1 000; f + g equals an integer from2 to 1Hmﬂ mﬁmnr]ml"'"l
an integer from1l to about 20. 15 16. A contact lens conprising &

wat er polymeric silicone conposition formed by polynerizing a nononer m X
conpri si ng nowomereosst units represented by Fornula |: (1) - 3tct/ussedfor

97/ 20851 _ PCT/ US96/ 18307
[err] wherein: Ais an activated unsaturated group; R and D i ndependently

are al kyl, al kyl ene, or hal oal kyl groups having 1 to 10 carbon 5 at ons
wherein sardggfrbon atons may include ether |inkages therebetween; Mis

hydr ogen, ine, or an alkyl group; Rerr], Rerr], Rerr] and R err]

are independently selected from al kyl or hal oal kyl groups wherein ether

| i nkages may be included between carbon atons; siloxane groups and
carbocyclic ring grgups having f 6 CH3 ns; nrrs

an integer from1l g 500 nis a 1 to|20 and y re 0 or

zis 1 or2; andx*?jzgg\o 0 W 1
al kI group havindg froml to 10 ceron eﬂp : contact | ens of

claim 16 whereifHa is 1; Rerr], Rerr], er : %nd Rlerr] are 1%XH;
i ndependent|y sel ect ed from al kyI groups havi 2from 1 to 10 carbon atons;
Ais a group CF;

5

(VD)

I CH3 EHJ EHZS CH;
1—0 i—O i—O 1
Hj H;

—Q

Hz
(B—Cﬂg—(CFz)hH

10  wherein:
d, e, f, and g, are integers from 0 to 1000;
d + e equals an integer from 2 to 1000;
f+ g equals an integer from 2 to 1000; and
h is an integer from 1 to about 20.
15
16. A contact lens comprising a low water polymeric silicone composition formed

by polymerizing a monomer mix comprising monomeric units represented by Formula I:

@
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selected from an ester or am de of acrylic acid or net hacrﬂ“ln“ﬂmnllumrmm
D are al kyl groups having from1 to 6 carbon atons wherein
atoms may i nclude ether |inkages therebetween; mis from!l t6 10 ‘and n®is*

from1l to 6. 20 18. - The contact lens of claim 16 wherein the
monomneric ur@t g_ﬁresent ed by Formula I include nononeri Cpdiiiidediszor
represented by at |east one of Fornmulae Il and 1I1Il: (11) [err] 25 -32-

WD 97/ 20851

PCT/ US96/ 18307 (111) [err] 5 The contact lens of claim16
wherein said conposition is poI y )¥zed f 3om a monomer_m x conprising: (a)
from about 1 to about 99, wei Sb ( nt ai ni ng nononeric
units other than those re‘bres nte _%“é &%%" fromabout | to
about 50 wei ght percent of the I‘ICRAI’II'[S 10 represent ed by Formul a
. 20. The contact lens of claim 9 wherein said silicone-containing

nonomeric ugglgipConpri se mononeric units represented by Fornula 1V: (1V)
[err] ~ 15 erein: .
A is an activated unsaturated group;

R and D independently are alkyl, alkylene, or haloalkyl groups having 1 to 10 carbon
5  atoms wherein said carbon atoms may include ether linkages therebetween;
M is hydrogen, fluorine, or an alkyl group;

R;, Ry, Rs and R, are independently selected from: alkyl or haloalkyl groups wherein
ether linkages may be included between carbon atoms; siloxane groups; and carbocyclic ring
groups having from 6 to 18 carbon atoms;

10 m is an integer from 1 to 500; n is an integer from 110 20, x and y are O or 1;
zislor2;andx+y+z=3;

so long as at least one of R, or R; is an alkyl group having from 1 to 10 carbon atoms.

17. The contact lens of claim 16 wherein z is 1 R,, Ry, R;, and R, are

15  independently selected from alkyl groups having from 1 to 10 carbon atoms; A is a group
selected from: an ester or amide of acrylic acid or methacrylic acid; R and D are alkyl groups
having from 1 to 6 carbon atoms wherein said carbon atoms may include ether linkages

therebetween; m is from 1 to 10; and n is from 1 to 6.

20 18.  The contact lens of claim 16 wherein the monomeric units represented by

Formula I include monomeric units represented by at least one of Formulae II and III:

an
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A and A" are activated unsaturated groups; R and R' indepgny

al kyl or ‘al kyl ene group having | to 10 carbon atons wher ei ne]mﬂmu'ﬂtlmﬁlm“l“l
atoms may include ether |inkages therebetween; 20 R efr]¢ t khrotigh® *
‘Rlerr] are independently selected fromthe groups described with reference
to Rerr] thowghyBpsatr]; a is an integer equal to or greatePCrivas18307b and
c are integers equal to or greater than O; and a + b + ¢ equal s an integer
from1l to 1000. 25 21. The contact lens of claim20 wherein A and A" are
groups sel ect from an ester or am de of acrylic acid or nethacrylic
acid; R and R'" are selected fromare al kyl -33- WO 97/ 20851

PCT/ US96/ 18307 groups having frohm1l to 6 carbon atons wherein said carbon
atons may include ether |inkagesl|therebetwe .o err] tggough Rlerr] are

i ndependent |y sel ected from 'Gﬂ‘ps/ﬁ}%‘hg\ rOMN YO 10 carbon at ons,
and at | east one of R err] thrpugh Rlerr] iqd a fluoro-substituted al kyl
-group. 5 22. The contact |ens of claim20 wherein said nononeric
units represented by Formula IV include nononeric units selected fromthose
represented by Fornulae V and VI, and conbinations thereof (V) 10 [err]
(M) [err] 15

5 19.  The contact lens of claim 16 wherein said composition is polymerized from a

monomer mix comprising:
(@ from about 1 to about 99 weight percent of silicone-containing
monomeric units other than those represented by Formula I, and
(b) from about 1 to about 50 weight percent of the monomeric units
10 represented by Formula L.
20.  The contact lens of claim 19 wherein said silicone-containing monomeric units

comprise monomeric units represented by Formula IV:

av)
Il{s I‘(m lllu l|l|4 16
A‘—-R'——?i-(—O—?i%#0—?i4590—§i450—fi—R"—A"
is Ry R Ri3 Ris R17
wherein: .
A’ and A” are activated unsaturated groups;
R’ and R”’ independently are an alkyl or alkylene group having 1 to 10 carbon atoms
wherein the carbon atoms may include ether linkages therebetween;
20 R through R,; are independently selected from the groups described with reference to
R; though Ry;
a is an integer equal to or greater than 1;
b and c are integers equal to or greater than 0; and
a+ b + ¢ equals an integer from 110 1000.
25

21.  The contact lens of claim 20 wherein A’ and A” are groups selected from: an

ester or amide of acrylic acid or methacrylic acid; R’ and R” are selected from are alkyl
33~



whereiin: d, e, f, and g, are integers fromO to 1000; d + e e
integer from2 to 1000; f + g equals an integer from2 to 100 TﬂmHHH(I"""""”“'
h is an integer froml to about 20. -34- WO 97/ 20851 * C L oM os
PCT/ US96/ 18307 23. The contact lens of claim16 wherein said conposition

has a Young' sydwghghdis of elasticity fromabout 20 g/mierr] 150
g/mierr]. 5%[ b 24 A nethod for making a | ow wat er lb%‘?‘f/%@?#&’

silicone conposition including the step of polynerizing a nonomer m x

wherei nt A QO fig Wl 1o EREERGRNRE \SRfif Il stogd thy e e finkages
al kyl , al kyl therebetoreery Rgthtdugh Rgyr avel pelependently sdledted ft6m alkybgroupd Imving\floen &ite

said carbon gto may i nclude ether.linka 1 her ebet n; i.s hydrogen,
fluorine, or awr%“@élmﬁgﬁ'b‘tﬁﬂ“ﬁme of Rs %hroxﬁﬂgf;?ﬁa%@r- Stﬁﬁ[’%%‘}d gé?fé" Rlerr]
are independently selected from alkyl or hal oal kyl groups wherein ether

| i nkages may be included between carbon atons; siloxane groups; and
carbocycri ¢ ri ng % ougderentapiglens efirlgim 30 vaherain saich manemetic pnitss representedebyer
from1l to 508 i i . X 7 r2;
anchcry+z—3: ol TV Bl il G selted om0 ol by Yorghlad Vand W

al kyl group dud\combingtionstheréof: 10 car bon atons. 25. The net hod of cl aim 24
wherein z is 1; Rerr], Rerr], Rerr], and R err] are independently

V)
10
IO ?Hs (‘31'13 ?Hs (I3H3 ‘0
\(ko/\/\/i‘;o z;;o (?:'H‘zo E'H\E;/\/_\o/%/
CH; d ] € CH;
CH,
¢,
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CH; |CH; CH; | CH; 0]
P /\/\/éi—o Lol -di-o éi\/\/\ .
° éﬁ;; éH3 éHz H; 0
H; f éin g H;
H,
—CH,~(CFy)H
15
wherein:
d, e f and g, are intégers from 0 to 1000;
d + e equals an integer from 2 to 1000;
f + g equals an integer from 2 to 1000; and
20 h is an integer from 1 to about 20.
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selected fromal kyl groups having from!| to 10 carbon atons; n“lﬂUﬂﬂlgl‘muu(uI“I
selected from an ester or am de of acrylic acid or nethacryll X ol
carbon atons whereih sai d cidrbdn

D are al kyl

groups having from1l to 6 25

-atons may include ether |inkages therebetween; mis froml to 10; and n is
from1l to 6. w8%208s1 WO 97/ 20851 PCT/US96/18307
PCT/ US96/ 18307 26. The met hod of claim 24 wherein the step of

pol ymeri zing a nmononmer mx is further characterized by

preparing a nongmer

Q
m x conprising: (@8. {Thecentadsdens of clain Kbwhereip gaid.compasitia hass Y oung’s modulus
silicone-contajnin

1; and 5

nononeric units represented by Forrmula I. 27.

noneric uni bs of her .t han 2t hose represented by Formul a
°f°‘as“‘g"yrg‘)’"(%“t&}$/5’m z‘bﬁéﬁuﬁséyﬁ%but 50 wei ght percent of the
7 The met hod of cl aim 26

wherein said silicone-containing nononeric units conprise nononmeric units
represented by Formula IV: 10 (IV) [err] wherein: A and A" are activated
unsaturategd groupsyy 15 4 method for makig % 16w wat} PBhiAE Siliconé Emysiditivh kicluding the
al kyl ene group havi ng to 10 carbon atons wherein the carbon atons na
i ncl ude et her stép ofpalyaerizing n alosomeramix cRnprising menomesn urgsdeprpseated by Formula I
I ndependently selected fromthe groups described with reference to Rerr]

though Rerr]; ais an integer equal to or greater than 1; 20 b and
c are int egerg) equal to or greater than 0; and
(Ra)x 3
A—R ——-S'i ]-L(- O—Sli—)mD—(-CFz-)ITM]
F4
Rao)y R

10
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wherein:

A is an activated unsaturated group;

R and D independently are alkyl, alkylene, or haloalkyl groups having 1 to 10 carbon
atoms wherein said carbon atoms may include ether linkages therebetween;

M is hydrogen, fluorine, or an alkyl group;,

Ry, Ry, R;s and R, are independently selected from: alkyl or haloalkyl groups wherein
ether linkages may be included between carbon atoms; siloxane groups; and carbocyclic ring
groups having from 6 to 18 carbon atoms;

m is an integer from 1 to 500; n is an integer from 1 t0 20; x and y are O or 1;

zislor2;andx+y+z=3;

so long as at least one of R, or R; is an alkyl group having from 1 to 10 carbon atoms.

25, The method of claim 24 wherein z is 1; Ry, Ry, R, and Ry are independently
selected from alkyl groups having from 1 to 10 carbon atoms; A is a group selected from: an
ester or amide of acrylic acid or methacrylic acid; R and D are alkyl groups having from 1 to 6

carbon atoms wherein said carbon atoms may include ether linkages therebetween; m is from 1

to 10; and nis from 1 to 6.
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a + b,+c equals an integer from1l to 1000. 28. The net hod

wherein A" and A" are groups selected from an ester or am deT“IIIﬂHﬂM“H"I'”H“I
acid or nethacrylic acid; R and R' are selected fromare al kyl* gfoups ®5s
having from1l to 6 car bon atoms wherein said carbon atons may i ncl ude et her

|i nkages t herigpeinpean; and Rierr] through Rlerr] are i ndepepdently.sel ected

.fromal kyl groups having froml| to 10 carbon atons. -36 -

26. The method of claim 24 wherein the step of polymerizing a monomer mix is
further characterized by preparing a monomer mix comprising:
(a) from about 1 to about 99 weight percent of silicone-containing
monomeric units other than those represented by Formula I; and
5 (b) from about 1 to about 50 weight percent of the monomeric units
represented by Formula 1.

27.  The method of claim 26 wherein said silicone-containing monomeric units

comprise monomeric units represented by Formula IV:

10
av)
Ilkg Rio 12 Ru 16
A—R—Si0—% -)—(—o—.ci —)5(—-0~§.-)-0—f.—n"—A"
Ry Ry _ Ri3 Ris Ri7
wherein:
' A’ and A”’ are activated unsaturated groups;
15 R’ and R” independently are an alkyl or alkylene group having 1 to 10 carbon atoms
wherein the carbon atoms may include ether linkages therebetween;
Rg through R are independently selected from the groups described with reference to
R, though Ry;
a is an integer equal to or greater than 1,
20 b and c are integers equal to or greater than 0; and

a+ b+ c equals an integer from 1 to 1000.

28.  The method of claim 27 wherein A’ and A” are groups selected from: an ester

or amide of acrylic acid or methacrylic acid; R’ and R” are selected from are alkyl groups

25  having from 1 to 6 carbon atoms wherein said carbon atoms may include ether linkages
therebetween; and Ry through R;; are independently selected from alkyl groups having from 1

to 10 carbon atoms.
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