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8356 MONOMERI C UNI TS USEFUL FOR REDUCI NG THE "MODULUS OF SI LI CONE HYDROGELS
5 PRI OR APPLI CATI ONS This application clains the -benefit of U S.
Provi si onal Application No. 60/008,297 filed on Decenber 7, 1995. 10

FIELD OF THE IYRERE®BEN The present invention relates to a clBSHU$E/18356
fluori nated sil oxane-contai ning nononeric units and their use in reducing
t he nodul us of silicone hydrogels. Such materials find particular
application in the formation of contact |enses. 15

BACKGROUND Hydrogel s represent a desirable class of materials for many

bi onedi cal appli cati onspgg ' i t nses.
Hydr ogel s argphydrat ed, %?g%mgﬁﬁ%&%mﬁg%{%ﬁggg %?T(?J(I)%t ain water in
e a we n

an equiliq;iun1state. Si |i cone hydrogel s ar own cl ass of hydrogel
and are cHaracterized by the inclugj (I Silicone hydrogel s
general ly have 20 a wat er conten?hgﬁégfgihbkggﬂg%out 5 wei ght percent and
more commonl y bet arapplivatién d4imé the dbsufit 080, SV\BfogiRionflApplicktion NeCb0/008, 271 al s
are usually prepared by polynmerizing a m xture containing at |east one
silicone-cont?4%Wﬁfqﬁ?€ﬁ%ﬂ nd at | east one hydrophilic nononer. Either
the silicone-containing nononer or the hydrophilic nmononmer nmay function as

a crosslinking agent (a crosslinker being defined as a nononer havi ng
mul tiple ol ynerizabl e 25 funct iFBEEDIQK BYE INVENTI@Nar at e crossl i nker nmay

be enpl oyed. Appl igabl L.l 1 cone-containjn noneric.units for. use in the
formation of sili 2@%8“’%}"3 R ]?“és\%\%PICiaﬁg?)%“‘ﬁ"ﬂatF%éﬂ%ﬁe"éﬂ%a"ﬂ?ﬁr’é‘%‘%m“
exanpl es ar e vpit©dhdl elkid BseinSreditiigStHe MB8ulus? ofl SMcatleOhydfoghlR3. Sddh mAiehidld.fad3;
5,034, 461; 5,070, 215; 5,260, 000; 5,310,779; and 5, 358,995. Specific

exanpl es of &ppicplasapplication indhe ormagionaf GPHact i8Smeri ¢ units incl ude: 30

(a) bul ky pol ysil oxanyl al kyl (meth)acrylic nononers, commonly referred to

as "TRI'S" nononers, including for exanple: nethacryl oxypropyl
tris(trimdthylsiloxy)silane; (b) pBACKGROWD | oxane) nononeric units;

Hydrogels represent a desirable class of materials for many biomedical applications,
including the formation of contact lenses. Hydrogels are hydrated, cross-linked polymeric
system that contain water in an equilibrium state. Silicone hydrogels are a2 well known class of
hydrogel and are characterized by the inclusion of silicone. Silicone hydrogels generally have

20  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 being defined as a monomer having multiple polymerizable

25  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 units include:

30 () bulky polysiloxanylalkyl (meth)acrylic monomers, commonly referred to as

“TRIS” monomers, including for example: methacryloxypropyl tris(trimethylsiloxy)silane;
(b) poly(organosiloxane) monomeric units;
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PCT/ US96/°18356 (c¢) silicone containing nononers includes
silicone-containing vinyl carbonate or vinyl carbamte nononmers such as;
1, 3- bi s[ 4-vi nyl oxycar bonyl oxy) but-1-yl]tetranet hyl - disil oxane;
3-(trimethylwbloykdses opy!l vinyl carbonate; PCT/US96/18356
3-(vi nyl oxycar bonyl t hi o) propyl - [tris(trinmethylsiloxy)silane];
3-[tris(trimethylsiloxy)silyl] propyl vinyl carbamte; 3- 5
(tris(trinmethylsiloxy)silyl] propyl allyl carbamate;
3-[tris(trinmethy(cyil cslicose kontiiping pydnomens\ihchades [Biinarteecontaining vinyl carbonate or

t-butyldi m%'ﬂ?‘ i %h:'b%%@t mbhoﬁé QY buch 3L ONIIY %&4 Qxhylﬂﬂcﬁ%bﬂlé%b%ﬁ héJl]te Péthy)-

car bonat e; nmet hyl s VI ny Q her,

appl i cabl e Q'F’qu&%e é&ﬂ’%ﬁ“fyﬁ &ane‘f‘@’?ar%a’@%ﬂe ks # q:fyqaﬁ!pngl,tl{lo)pmyl-
Si | i cone- co[ttig(trimherylsitony)sitane); Medy[thsitrinatylsiion)silzigd proph avinyil decarbamarf v 3of

hydr oph '

For exarbl o Pﬁﬁ%ﬁsﬂ"ﬁv%@d?@vﬁ%‘ bl 3 ﬂfsus@'?mP“ﬁﬂ’J*?ﬁﬁw"&v&?%?
bi omedi cal - &ashenateat trydd lm‘rthyt;awgt yih¥inylo carhetabny wimethylsibdethlr ving) exrbenate,
coatings sugimelipisipiEthybiaf cafbbhdi®, Oftfet | fekahpids Usfet q)'pﬁcabd:l agllidong-aBntaining

I ntrauteri n%gggrxérggl%wg%rgnyﬂgvgﬁ vessel substitutes, surgical devices,

cat heters, &AL ur e i ners, |ntraocular devi ces,
prost hetic devices, and especially cont act Ienses Sui t abl e hydrophilic

nonormer so f or UseSﬁxébnSJcbhﬁﬁuﬂ\% b6MEs! fay Nsd Wdpolyrtidized Uwik e \Qﬁé bexiélyl Gof

aci ds, such thacrvlic and‘t){ﬁ1 %l a%taco Si oacr 4{ subst ed aIc hol s,
such as 2- 20 °PHdlS %;Té?rﬁ ? R Yagety of fHigon f@l P%?lfé?‘fﬂ? ?/I‘é’fag' e\/l nyl
| act ans, susilicons hw!rosﬂg/ Brepynmlarln@mﬁﬂ i A (Yanely 9f hlnmélsal“anni@htuas including the

met hacr yl anroel.«aamd of\ shhpéa N@iYd ard )ébﬁmgﬁi%ucistaU hedbrahése rﬂlrﬁ% amﬁ&ai é’rrel%rst he

hyd hi | t t
Pat ent. Nos. P Furscliin® aftieat, ebes AT QeneC BTN RRRSHC P it B |
U.S. Pat®ntmmuth guagisodenrire ligetseintraesutan ideicesy prosthétic] deyicas podrespsciallyt Foritet

apparent tojepdeg Skilled in the art. 25 In particular regard to contact
| enses, the fluorination of certain nononers used in the

Suitable hydrophilic monomers for use in silicone hydrogels inciude: unsaturated

carboxylic acids, such as methacrylic and acrylic acids; acrylic substituted alcohols, such as 2-

20  hydroxyethylmethacrylate and 2-hydroxyethylacrylate, vinyl lactams, such as N-vinyl
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.
25

In particular regard to contact lenses, the fluorination of certain monomers used in the
formation of silicone hydrogels has been indicated to reduce the accumulation of deposits on
contact lenses made therefrom, as described in U.S. Patent Nos. 4,954,587, 5,079,319 and
5,010,141, Moreover, the use of silicone-containing monomers having certain fluorinated side

30 groups, i.e. -(CF2)-H, have been found to improve compatibility between the hydrophilic and
silicone-containing monomeric units, as described in U.S. Patent Nos. 5,387,662 and

5,321,108.

Many silicone hydrogels possess relatively high moduli (Young’s modulus of

35 elasticity), e.g. often in excess of 300 g/mm’ as measured by ASTM test method D1938. For
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formati on of silicone hydrogels has been indicated to reduce the
accunul ati on of deposits on contact |enses nade therefrom as described in
U S. Patent Nos. 4,954,587, 5,079,319 and 5,010, 141. Moreover, the use of
silicone-containing nononers having certain fluorinated side 30 groups,
i.e. -(CF[err]WYOPI2a8s/e been found to inprove conpatibility Pel/uUsIensisshe
hydr ophilic and silicone-containing nononeric units, as described in U S.
Patent Nos. 5,387,662 and 5,321, 108. Many silicone hydrogel s possess

relatively hi 'm%! .en_in
excess of ySOO'g%:;h/y erdﬁca( }?H%ggﬁsu E{ggwlg#&Lgﬂ\ﬁté‘gg% %;ﬁ‘g?é? ing %.xiééegﬁcé ngu& Qg

WD 97/ 20852 in the range of about 20 g/mm’ to about 150 g/mm and more preferably ﬁ'om about 30
PCT/ US96/ 1835 al, appli.cati on i S des e to vi de
hydr ogel s ha\/q9 r‘%a‘g" ggﬁ&r‘gf i p@“sg‘s parficy WZ}V V’ém&émdf” a‘?@ Septagt ¢ o
about 150 g/ ﬂBiisGsf ra thea M duTay 6f xzhsahﬁfeaﬂl danfHaP ARRAHcamt AmPAdiTHhEH | t‘90 Rut
100 g/mmferr]. This is particularly inportant in the formation o

contact | énsdsEnsesPopsessingobigh moduli OK%@VM pargeived ctifindsaged undsiigpblyf ing!anlasnc

i npact upon | 80%en q&gﬁgg%,;‘§mﬂuhfﬂgﬁ% %ﬁﬁébgg?ec nodul i often have a

percei ved stiffneSs and undesira el ast| ery resulting in an
unnatural feeling when worn upon the eye. The use of bul ky

ol ysi | oxanyl al kyl., net hac . g. t hacryl o ropyl tris
Ft r iyrret hyl siyl oxygl TQF | 43 e® of ¥B&¥rﬁ%‘?‘?’8"ﬂg§’0emﬁ'§g‘“¥f?ég" €.8a Meethaseyiryrrapyl etisc e
the modul us QrinRRishiOxy) stdn@Srefefted & dboCORC TRISY, QFALDwn!to Peduce the odulEs of ong,

pol yur et hane- pol yS| | oxane hydrogel conposi tions. See for exanple;
Chi n, Thel®RolctasoPf silicqog hydrogels, m(aqqgweﬁthaye-pms:hmeyhydtcmsl cqmnasihyw eSéxafue-

pol ysi | oxane Jesioqat vy BRACHRT

Di vi sion of Polyneri¢ Materia

118-119, (19%8lysiloxhne Hydrogels, mrc&dmgsmf)maemcnmrsmnmnswmimg@dmﬂmmeﬁe
5,321,108

described in , 358 99 5 t S.

and 5, 387, 66%!lJ atémFRa%'et“cepéﬂ BGFIPE; o °(5I @c eld%vM?’cl(\‘aﬁgglzl uﬁg use; of JRIS
one fluoro sibmpéunds GdlsiRctile Bydrapels RCALU HEBriRdtiR "UTEN PhteftYNS 05848 903UCH, U S,
material s _ar s}adescrl bhed as providing increase conpatibility as between

si | i cone-ldont aen Nes: arid 14103 avh p387.662, a TRIS-type compound is disclosed which includes at
least one fluoro substituted end group including a terminal hydrogen. Such materials are

described as providing increase compatibility as between silicone-containing and hydrophilic

monomeric units.

20 Unfortunately, the aforementioned TRIS-type fluorinated compounds have relatively
high boiling points, and as such, are not distillable through conventional techniques. As a
consequence, purification of such materials can be difficult. For this same reason, these

materials can also be difficult to analyze, e.g. by way of gas chromatography.

25 Thus, silicone hydrogels are sought which maintain acceptable oxygen permeability
while possessing reduced moduli and which are more easily synthesized, purified, and
analyzed. Furthermore, in many applications, such hydrogels must be optically clear,
manufacturable (e.g., capable of being molded, machined, etc.) into such products as contact

lenses, biocompatible, and less prone to deposit formation.



mononeric units. 20 Unfortunately, the aforenentioned TRI S-type
fluorinat’ed conpounds have rel atively high boiling points, and as such, are
not distillable through conventional techniques. As a conseguence,
purification of such materials can be difficult. For this sane reason,

t hese materi #eopagsal so be difficult to analyze, e.g. by wara®oes/tidss
chromat ogr aphy. 25 Thus, silicone hydrogels are sought which

mai nt ai n acceptabl e oxygen perneability whil e possessing reduced noduli and
whi ch are nore easily synthesized urified, and analyzed. Furthernore, in
many applications, such hydrodgmgkﬁﬁg¥(%E”@%FV¥ENFVN3Iear, manuf act ur abl e

(e.g., capabl e ofrpdpieldht FREMRM is AROALMES urftl el f‘d?ti'éﬁuéfrlg heRhOHM ot si"ﬁé%ne

contact | enses, bioconpatible, and | ess prone to deposiT fornation. -

WO 97/ 20852 hydrogels and is represented by Formula I: PCT/ US96/ 18356
SUWVARY OF gﬁE | NVENTI ON The present invention is a nononeric unit useful
for reducing”’the nodulus of silicone hydrogels and is represented by
Formula 1: (1) [err] wherein: A'Q{s an acﬁi vat ed unsaturated group; R and D
i ndependently are al kyl, alkylen ‘?i? hal (p%ll kyl groups having 1 to 10 carbon
atons wherein said carbon B&fnﬁ?ﬁﬂ%ﬂﬁﬁm&FﬂﬁGOEfDE+«ﬂﬁﬁk- es therebetween; 10
Rlerr], Rerr], Rerr] and R[err?‘% re inggpeﬂdently del éxted from al kyl or
hal oal kyk groups wherein ether | ages y be included between carbon
atons; siloxane, groups; and carbocyclic ring groups having from6 to 18
carbon at on®*®¥% s an integer from1 to 500; n is an integer from1 to 20;

x and y are O or A% arZachivée®hinstufiiéll grovpsZ=3;
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;

10 Ri, Ry, R3 and Ry 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 to 20; x and yare Q or 1;
zislor2;andx+y+z=3;

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

The present invention further includes hydrogel compositions including the subject
monomeric unit, methods for reducing the moduli of hydrogels, methods for making
hydrogels, and contact lenses made from such hydrogels.

20

An advantage of the subject invention is that the monomer units described with
reference to Formula I reduce the modulus of hydrogels without significantly reducing the
oxygen permeability of the resulting polymeric composition.  Furthermore, the subject
monomeric units are relatively easy to synthesize, purify, and analyze, and may be polymerized

25  within the hydrogel without significantly effecting optical clarity.



15 so long as at least one of Rlerr] or Rerr] is an alkyl group
having from1l.to 10 carbon atons. The present invention further includes
hydr ogel conpositions including the subject nononmeric unit, nethods for
reduci ng the noduli of hydrogels, nethods for meking hydrogels, and contact
| enses made f rnomps20832 hydrogel s. 20 An advant age of the subjmemtusesysssd i on
I's that the nononer units described with reference to Fornula | reduce the
nodul us of hydrogel s without significantly reducing the oxygen perneability

of the resulting polyneri | 1. ubj ect
nmononeric units are rel at WE?M?@@RE%E@??%WS@M anal yze, and
may be pol yneri zedrhdpresemiiivehilon fRRitdd X6 hid@Stheritd Unit® vépréabiied by Eaiula)l (@éscabdd ng
opti cal clarlti/. -4 WD 97/ 20852 o .

PCT/ US96/ 1833&\avaTAmd_the uyseofspatmpenemeric prgts 1a\reangr) th madulup, of sidieane; hygrogels.on
relates to [ | : r R ' : d
he Use of Suafne ardus S hERFRBR TGS wE AT bl BY OB Hihomd”
hydr ogel s.5 Sihixcomgrisipgifrogabaut df te stoup8L weight nerventrit prefesably abppt 2%tol apodtHOned
by pol yneri zing a nonomes . m x .conprising from.aboyt to abo 89

i Gt per cenVOBTURERY B dljepe AAHEB B EmE, HECS SORERNL 1paf ABRE 15 weght

si | i cone- cont gerdeh Bt 'PRETRNEBI ffont! Bcub 20 ft6 @HOLR B0 Uibeigh pbeet TN droBhile mBRdmeric

percent but preferably from about 20 to about 60 wei ghtydg)ercent of
hydr ophi | i c risismsdifienyahout | tagbout 5 yeight percent but prGiablysiomaboyh tpabeus 70

Cepr bsent ed By EAPe A of mopgh R R ep e B HorR R ST Ol vated

unsat urat®d group;

L)
I(Rl)x 1’{3
A—R— §i{—(—o-— iSi——);D—(CFz);I-I-i
Ro)y Ry
wherein:
A is an activated unsaturated group;
15 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;
Ry, Rz, R; and Rs are independently selected from: atkyl or haloalkyl groups,
(including both unsubstituted alky! groups e.g. groups having from 1 to 18 carbon atoms, and
substituted alkyl groups e.g. halogen substituted alkyl and hydroxy substituted alkyl), wherein
20  ether linkages may be included between carbon atoms; siloxane groups; and carbocyclic ring
groups having from 6 to 18 carbon atoms, e.g. cyclohexy! or phenyl groups which may include
alky! side groups;
m is an integer equal to 1 or greater but is preferably less than 500, and more
preferably from 1 to about 10, and still more preferably from 1 to 3;
25 n is an integer from 1 to 20 but is preferably from 1 to 6;
xandyareOorl;
zislor2;andx+y+z=3;

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

-5



15 R and D i ndependently are an al kyl, al kyl ene or hal oal kyl group
having 1°'to 10 carbon atons wherein said carbon atons nmay include ether

| i nkages therebetween; Rerr], Rerr], Rerr] and Rerr] are independently
selected from alkyl or haloal kyl groups, (including both unsubstituted

al kyl groups wgy &nogiz0ups having from1l to 18 carbon atons, msgy,gagoi tuted
al kyl groups e.g. halogen substituted al kyl and hydroxy substituted al kyl),
wherein 20 et her |inkages may be included between carbon atons; sil oxane
groups; and carbocyclic ring groups having from®6 to 18 carbon atons, e.g.
cycl ohexyl or pthbmgiQ)u:pu ofitype Ireprasenied bl Fivemuis K yoan be dynthpsized by tachpiguean

teger Sl okt 5 Spol eboBiBERL MRS ffneA LS
nis an int pg:@fdeﬂmﬁnlthéaxamplmeuan&emuef erably from1l to 6; x and y are 0

or 1; zis l1lor 2, and x +y + z = 3; so long as at |east one of Rerr] or
Rlerr] is an alkyl group having from1 to 10 carbon atonms -5 WO 97/ 20852

PCT/ US064 18356 Mg dJrEfeH&i ribofimdnié2 iy F%&%{e’iﬁrﬁg%lpﬁa Eﬂrn%%ﬁklgwg, ed |

synt hesi zed by es we known’ in t'he art
maki ng pr ef pmedkylgropsra.g Imrtaﬂcyhgmups such de those hining froma 1Bboaltpéaeboneatdrms)n

nert ore PRRERNIER BroBur g, Wi SRReraibiadond 81 groyl A il egbmpie 9"

groups suchofgpreleaes noavnait dnitditiudeé datl@pesnhdbyFopnmalle. 9. net hyl, ethyl,
propyl, etc., and fluoro-substituted | ower al kyl groups. A specific exanple
of a preger nmononmeric unit includes that represented by Fornmula I1: 10
(11) [err] plicabl e si I(j)cone-cont ai ni ng nononeric units for use in the
formation of silicone | )

| ol
N 0N NS TN N 07N CF —H

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; 5070215, 5,260000; 5,310,779, and

15 5,358,995. Specific examples of applicable silicone-containing monomeric units include
ethylenically “end-capped” siloxane-containing monomeric units used in the subject

composition may be represented by Formula III:

(Im)
Rs fl’qo Rlz l?n i,‘m
A‘—R'—Sr(-O—Sl—)——(—O—Sl—)b-(—O—Sn—)—O—S-—R"-—-A"
20 R9 Rn Rls Rls Rn
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;
25 Rg 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;
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hydrogel s are well known in the art and nunerous exanples are provided in
U S. Patent Nes. 4, 136,250; 4,153,641; 4,740,533; 5,034,461; 5,070, 215;

5, 260, 000; 5,310,779; and 15 5, 358,995. Specific exanples of applicable
silicone-containing nmononeric units include ethylenically "end-capped”

si | oxane- cont ava$sszononeri c units used in the subject conpagintseemsssay be
represented by Fornmula I1l1: (I1Il) [err] wherein: A" and A" are activated
unsaturated groups; R and R' independently are an al kyl or al kyl ene group
having | to 10 carbon atons mﬁerein t he ca%bon atoms may incl ude ether

| i nkages t her ebet & inisger equal to or geealernthan by o o Rierr| are i ndependent!y

sel ected from nonevaab @ate ihwgé@g@fab@mrrg%aiee&{as oogndhal ogen substi tut ed
nonoval ent hydrocarbon radicals having 1 to [err] carbon atonms whi ch may

i ncl ude ether |iniedgR¥ ceputeddntgeas fomto 19085 er ably are chosen fromthe
groups described with reference to Rerr] though Rerr]; -6 WO 97/ 20852
PCT/ US96/ 18356 a is an integer equal to or greater than 1; b and c are

i nt egers equal t o PoefergblgaRe throwghnR 3 ;ara irdlependertly +selected fmins alkyl grotssg énchidingm 1

to 1000. 5 refe ly, er thro err] are i.ndepenpdent

sel ected from°H WPEﬁ‘F‘Bﬁ{)@?yl?ﬁﬁ%‘fﬁg&f“ﬁ‘u%"‘%ﬁ'ﬁ‘ﬁ@?ﬂ@’ﬁ%@f’?g theads QP‘&VPS‘*E%‘M%XWd
substituted agidips. Wi@ﬁﬂﬁ\eﬁ?lﬁﬂn@&thu 4063t SréluTIR, ithtbBigh R, thud& PMRFo-skbistitufed
further preferred that at |east one of err] through R err] includes a

f 1 uor o- subst ialkyl grgup Fuchias ghabigpresenced bydhe fegmuliepr esent ed by the formul a:
-D-(CF[err])s -M10 wherein:
—D'—(CFy)s —M

10  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 alkyl group (e.g. an alkyl group having from 1 to
10 carbon atoms) but preferably hydrogen or fluorine; and

15 s is an integer from 1 to 20, preferably 1 t0 6.

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

20  ambient temperatures. Although a wide variety of such groups may be used, preferably, A,
A’, and A” are esters or amides of an acrylic or methacrylic acid represented by the general

formula:

wherein X is preferably hydrogen or methy! but may include other groups, e.g cyano, and Y
25  represents -O-, -S-, or -NH-, but is 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 5)yl as shown in the following formula;



D is an alkyl or alkylene group having I to 10 carbon atons wherein said
carbon atons may include ether |inkages therebetween; M is hydrogen,

fluorine, or alkyl group (e.g. an alkyl group having from1l to 10 carbon
atons) but preferably hydrogen or fluorine; and 15 S is an integer

fron1| to 20 ably 1 to 6. Wth respect to A, A erm
"activat ed" |sd)%gzé to describe unsaturated groups whi ch méﬁmc?e at5 east
one substituent which facilitates free radical polynerization. Preferably

the activating groups facilitate polynerization under mld conditions, such
as 20 anbi ent tenperatures. Al though a vi desvariety of such groups may be
used, preferably, A A, and A" are es ¢ or| am des of an acrylic or

met hacrylic acid represented by the | formula: [err] wherein X is
preferably hydrogen or nethyl but may incl ot her groups, e.g cyano, and
Y 25 represents -0-, -S-, or -NH, but i p?eferably -0-. Exanpl es of

ot her suitable groups incI ude vi nyl carbon@tes, vinyl carbanates,
acrylonitryl, and st Still angther exanpl e sui t abl e g u

i ncl udes N-vi nyl P2Rg vraé'Fichil"ﬁHﬁ@m( "‘Hﬁ“ hygdroearbn raewi'hd\mefaw ro"ﬁll%‘?nf"ng

f or mul a: 2 2

PCT/ US96/ 18§%°é’p%/\qr E%ﬁé p%g 1 nd i Y e e P aBes P esyy carbop atoms.

radi cal s, pPedffendplsychablkyll oroalksddnk)grelm inghedepk th &\Garhpn| atorps. 1@xanp,leswhf sichmay

i ncl ude et her Iink S aLone | Kyl .of

ol kyl eneSr BT FRORE etpiehe, orobing R Benciiylnd heptlle R 6. aicns
i ncl ude et Ml&&%uclpﬁs%ﬁ)&ﬁﬁ andbiphenglese, ambO-(CHB) A Wikhen q h@tﬁ&ﬂblhylte 6e,
etc., arylene radicals such as phenyl ene and bi phenyl ene, and

-O(CH[err])q- wherein q is preferably | to 6. Specific exanples of
preferred nmononegh&indbxhmpled 6t préfErdd RS RnTeRP LERGAIRR those Féprdlene® by Forduthe V:

IVand V:
10
av)
o ('3H3 ?Hs (|3H3 (l:Hs f)
| . . . .
Si—0+8i—0 Si—O Sl\/\/\
N T TR g
CH; ’ i B i N CH,
g
CF;
15 V)

O CH; CH; CH; | CH,
|

] . . |

X 0/\A/i'—° i“o é‘“'o i\/\/\g
H3 H3 H2

H; f (]: H, Hj
H;

—CH~(CF)pH

wherein:

d, e, f, and g, are integers from 0 to 1000,
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10 (1'V) [err] 15 (V) [err] wherein: d, e, f, and g, are integers fromQO
to 1000, -8 WD 97/ 20852

PCT/ US96/ 18356 d + e equals an integer from2 to 1000, preferably 2 to 100,
f + g equals an integer from2 to 1000, preferably 2 to 100, wherein e and
g are preferaVQo%288ers from about 20 to about 50, and h iBCEUSIsSNEBGEr
from1l to about 20. The synthesis of nononeric units as represented by
Formula 111, IV, are V are well known in the art. Specific exanples are

provided in the I t.1,0n | Qw, ther &ex of suitable
si licone-cont ai nF)r%ﬂprrS c??}seear%s'ﬁt? e&?ﬁ%‘éwgdﬁ% piegeralg%?%:l@;xanyl al kyl

(met h)acryl i c nondieg equaBan éseget foin Byto FOOOpleferably 2 V00, [err] wherein: 15

X denotes -0- or -NR-:. eac err] .independently denotes hydrogen or

met hyl ; each R[err¥ ef%%ﬂ?é&i&%ﬂ %P&HBF&%‘Sg°F‘d\RB‘FtZQI‘R?P°‘+‘ééi@QI or a phenyl
radical; and his it gy thfbgerdfom 1 to about SICh bul ky nononers i ncl ude

nmet hacryl oxypropyl tris(trinethylsiloxy)silane. Another preferred class of
silicone dontaining nononers includes silicone-containing

The synthesis of monomeric units as represented by Formula III, IV, are V are well

known in the art. Specific examples are provided in the Example section below.

Further examples of suitable silicone-containing monomers include butky
10 polysiloxanylalkyl (meth)acrylic monomers represented by Formula VI

(VD
Ryg
0 Ryo

ﬁk)\x/(CHz)h—gi—O—éi—Rm
6 I
" Ryo

R19—$i‘R19
Ryo

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

20 Such bulky monomers include methacryloxypropy! tris(trimethylsiloxy)silane.

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

25 (VID)

0 ;
Y(C Hz')q\o/'l\Y l RS
Rao



vi nyl carbonate or vinyl carbamate nononers of Fornula VII: 25 (VII1) [err]
-9 WD 97/ 20852

PCT/ US96/ 18356 wherein: Y' denotes -0-, -S- or -NH; RSi denotes a
silicone-containing organic radical; R err] denotes hydrogen or nethyl; 5

dis |, 2, 3weordesszand g is Oor 1. Suitable silicone-contgirRishhsiedani c
radi cals RSI include the follow ng: 10

-(CHerr])n" Si((CHerr])mMCHerr]][err] -(CHerr])n'

Si[CSi(CHerr])mCH err]][err] [err] wherein: R err] denotes [err] 20
wherein p' mhertinto 6; R err] denotes an al kyl radical or a fluoroalkyl
radi cal havi ng 1yt amban atGiys; e is 1 to 200; n'is 1, 2, 3 or 4; and
25 mis X &f&ei%\?@ °3 lgir:fﬁ’,S_. The sil jcone-containing vinyl
carbonate or vi n§-§‘ denptenpilicongsepsaining owgaaiciradical | y i ncl ude:

1, 3- bi s[ 4- vi ny| oRy deddieshytogyy biinethyly| | t et r anet hyl - di si | oxane;
3-(trimeghyl si lyls)l,z, 3 or 4; and

qisOor 1.
Suitable silicone-containing organic radicals RSt include the following:

10 -(CHa)y Si{(CH2)CH3l3

-(CHz)yy Si{OSi(CH2)CH3]3 ;

Ra
—(CHp)n éi—-O Ry;
22 .
. and
15
Ry Ry
——(CHz)n %i—-o léi—Rzl
Rz J. Ra
wherein:
Rz denotes
—(CHz)p—O\(\
20
wherein p'is 1 to 6;
R, denotes an alkyl radical or a fluoroalkyl radical having 1 to 6 carbon atoms;
eis 1to 200:;
n'is 1, 2, 3 or 4; and
25 m'is0, 1,23, 40r5.

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
-10



propyl vinyl carbonate;

3-(vi nyl oxycarbonyl t hi o) propyl -[tris(trinmethylsiloxy)silane); 3-[tris -10
WO 97/ 20852

PCT/ US96/ 18356 (trimethylsiloxy)silyl] propyl vinyl carbanate;
3-[tris(trimewodrzessexy)silyl] propyl allyl carbanmate; PCT/US96/18356
3-[tris(trinmethylsiloxy)silyl] propyl vinyl carbonate;

t - butyi di met hyl si | oxyet hyl vinyl carbonate; trimethylsilylethyl vinyl
carbonate; trinethylsilylnethyl vinyl carbonate; and "V},errJD[err]
represent ed K py)silyl]l . peopylyiviny]  pasbamate; o 3Atris(tnmetwisiioxyistyl} epropyla ! of
si | i cone- contegibamme; S(ORActhylSIE)SISH pFoPYDVIRY] Sarbbnaitd) @-bhmdimdtRylsilbagethybivingl

(X E(* D A* D Q). a*% *OE ;- or X). . . . _

E(*D* G D* A) a"ﬁ("@‘%E '?m%kﬁyéﬁgéu ST n°8fbé§a‘{é'i?"é'f'?<t§‘/’( lsilylmethyl vipyl carbonte; | and

cycl oal kyl di"VgBps'arepresesedbyiarmpla Mlly adi cal , an aryl 20 diradical or an

S! kyljfary: sdi r adi f:al I Ea?/i gg 6dft o] ?0 car b?E i’it om;l; GI gelno'égs Sn a: kyl I

iradical, a oal ky i radi cal, an al kyl cycl oal ky i radi cal, an ar

di radi cal or (gliﬁ)al kyl aryl diradical having 1 to 40 carbon atons and whi >c/h

may contain ether, thio or am ne Iirtlﬁ\ge Cf—ln main chain; * denotes a

urethane or ureido l{nkege, 025 2 a é_s3a “dast 1 Agénot es a

di val ent pol yneric raticalf of (%z)méa—%}. =——(CH)s A

¢H, |l | 6H 0" 077N
25

10
’ A further preferred class of silicone-containing monomers includes monomers of the
Formulae IX and X:
ax) E(*D*A*D*G),*D*A*D*E', or
15
019} E(*D*G*D*A),*D*G*D*E/,
wherein:

D denotes an alkyl diradical, an alkyl cycloalkyl diradical, a cycloalkyl diradical, an aryl
20 diradical or an alkylaryl diradical having 6 to 30 carbon atoms;

G denotes an alkyl diradical, a cycloalkyl diradical, an alkyl cycloalkyl diradical, an aryl
diradical or an alkylaryl diradical having 1 to 40 carbon atoms and which may contain ether,
thio or amine linkages in the main chain;

* denotes a urethane or ureido linkage;

25 ais at least 1;
A denotes a divalent polymeric radical of Formula XI:

XD
Rs | Rs
— (CHYm—}$i-0 léi—(cuz),.f——
Rs
P

30
-11



[err] 30 -11 WO 97/ 20852

PCT/ US96/ 18356 wherein: each Rs independently denotes an al kyl or
fluoro-substituted al kyl group having 1 to 10 carbon atons which may
contain ether |inkages between carbon atons, m is at least 1; and 5

p is a nunbegyiplsProvi des a noiety weight of 400 to 10, QQGnRasdisef E
and E' independently denotes a pol ynerizabl e unsaturated organic radical
represented by Formula XIl: (XII) [err] wherein: Rerr] is hydrogen or

met hyl ; 15 Rlerr] is hydrogen, an alkyl radical having 1 to 6
carbon at onwwhefin: 2 - CO Y-R26 radi cal wherein Yis -0-, -S or -NH; Rerr]
is a divalent al kthaeindgehdently BénotedGn Jalktyporlmme-@hfsmuwdcum: gR{u?rHa]nngS 13

al kyl radical having 1 to 12 carbon atons; X denotes -CO or -0OCO; 20

Z denot es - 30 carbon aipms whichgeaysortain gthep linkagesibetwesaFarbon #eM%:ng 6 to 30 carbon
atons; wis Oto6lsa>ﬂéa§”0aml y is O or 1; and 25 zis Oor 1.

5 p is 2 number which provides a2 moiety weight of 400 to 10,000,
each of E and E' independently denotes a polymerizable unsaturated organic radical

represented by Formula XII:

(xan)
Ra3
R
2‘\(K(CH2»—<X>X—(Z)E——(Ar)y—st—
24
10
wherein:

Rz is hydrogen or methyl,
15 R4 is hydrogen, an alkyl radical having 1 to 6 carbon atoms, or a -CO-Y-Ry radical
wherein Y is -O-, -S- or -NH-;
R3s is a divalent alkylene radical having 1 to 10 carbon atoms;
Ras is a alkyl radical having 1 to 12 carbon atoms;
X denotes -CO- or -OCO-;
20 Z denotes -O- or -NH-;
Ar denotes an aromatic radical having 6 to 30 carbon atoms;
wis0to 6;
xisOor 1;
yisOor l; and
25 zisOor 1.

A preferred urethane monomer is represented by Formula (XIII):

-12



A preferred urethane nonomer is represented by Fornula (XI1): -12 WO
97/ 20852 ¢ : PCT/ US96/ 18356
(XII'1) [err] 5 wherein mis at least 1 and is preferably 3 or 4, a is at
| east 1 and preferably is 1, p is a nunber which provides a noiety wei ght
of 400 to 10, 0@9%2e852i s preferably at least 30, R err] is a ROTVURI/AIF6 of a
dii socyanate after renoval of the isocyanate group, such as the diradical
of isophorone diisocyanate, and each E'" is a group represented by: [err] 10
The mononer g x of the present invention may include additional
constituent s&HBh as crosslinking agents, internal wetting agents,
hydrophilic monomeric units, toughening agents, and other constituents as
descri bed siliclonf-contaifli ng mononericQunits f rma

¢ Dé: d-Rz O(Qﬁ‘i

is well known |lg the art. 15 Al t hough the so o he preV|o-st

Bl s || ik

t hr ee- di nensi B OgNeﬁmafk QHABICH0CH G, h+ﬂ2ﬂ nts
é he slbﬂgklngaets

i nclude: polyvinyl, -typically di- or tr|-V| nyI nononer's, t commonfay| t he

di- or tri(meth)acrylates of dihydric ethylene glycol, trlethylene gl ycol ,

may be added tol thg nono m x. Exanpl e I tabl e

butyl ene glycol, hexane-1,6-diol, thio-diethylene 20 gl ycol -di acryl at e
and met hacryl ate; neopentyl glycol diacrylate; trimethylol propane
triacrylate and the like; N, N -di hydrasyet hyl ene- bi sacryl am}de and{
- bi snet hacryl am des; al so diallylg CQﬂﬁbuﬁgiﬁddﬁhéh (hybHB?§ h
triallyl cyanurate; divinylbenzene; e&hy ene Jgl ycol " di vi nyg(} 6and t he
(meth)acrylate esters of polyols such”as triethanol am ne ycerol . -13

S wherein mis at least 1 and is preferably 3 or 4, a is at least 1 and preferably is 1, p is 2 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:

10
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 constituents as is well known in the art.

15 Although the some of the previously described silicone-containing monomeric units
form a crosslinked three-dimensional network when polymerized, additional crosslinking
agents may be added to the monomer mix. Examples of suitable crosslinking agents include:
polyvinyl, typically di- or tri-vinyl monomers, most commonly the di- or tri(meth)acrylates of
dihydric ethylene glycol, triethylene glycol, butylene glycol, hexane-1,6-diol, thio-diethylene

20  glycol-diacrylate and methacrylate; neopentyl glycol diacrylate; trimethylolpropane triacrylate
and the like; N,N'-dihydroxyethylene-bisacrylamide and -bismethacrylamides; also diallyl
compounds like diallyl phthalate and triallyl cyanurate; divinylbenzene; ethylene glycol divinyl

ether; and the (meth)acrylate esters of polyols such as triethanolamine, glycerol,

-13



WO 97/ 20852 PCT/ US96/ 18356
pentanerythritol, butylene glycol, mannitol, and sorbitol. Further,
illustrations include N, N nethyl ene-bis-(neth)acrylam de, sulfonated

di vi nyl benzene, and divinyl sul fone. Al so useful are the reaction products
of hydroxyal Ky o4dgg:n) acryl ates with unsaturated i socyanat egraifRk1&%anpl e
the reaction product of 2-hydroxyethyl nethacrylate with 2-isocyanat oet hyl
5 nmet hacrylate (1EM as di scl osed in US. Patent No. 4,954,587. O her
known crosslinking agents are yet her - bi sur et hane- di net haci yl ates as

descri bed i Rentengrytisdele hutyiepe 8116%9'23'8‘2‘?’ apd gorbiels e ihgE Jiystriiqns ipghydgi BBy py
reaction of I bRz

pol yt et ranepﬁaiﬁeéﬁéeaél@g@?&w&ﬁée saﬁ;ﬁ‘%?gﬁﬁyanat ge?ﬁy?‘%ng?uﬁsgg?y Ala?oeu%elﬁlél\/p
or mi sopropenjt fgapgron piodedt pf hmagyalkybbm}b)amlegs (with mwmatﬁndocyanates for

ol ysi | oxane- b| t hane- di net,hacr scrlbe
2 4%6 577 aﬁ’éP“!? Ee 77paction product ﬂg ﬂl’ﬁ%@ﬁe@? Juqthagrs: % ‘a%*zf% é”%?frag“Q ﬂg‘/k?
reactionspr aelisé la&f([EM?]Ys}/dlm&etﬁiln@bqi’atet@NE)OXYStﬂSQd pol yvinyl al cohol or of

pol yvi nyl al cohol-co-ethylene with 0.1 to 10 nol %vinyl isocyanates |ike
|EM or mTM . 15 Although not required, conpositions within the scope of

quanti t1es of |1 cotef pilih, Botiihg, gt MARETLR RN Sis ULty g
80 wei ght pﬂeseﬁﬂsa‘d maUcS Nikatent nqu:nwz 827 raodnthdznemrosmnkez:s alteined 69 mm'tigintof

ot ont  No. pObeihulensy Avigh PoORRISPUSSR cRY ! | AEH L BRDIETRPERTRY ) 3o %
met hacr Mg #Sﬁh Smekﬁf‘érﬂ){tk @EM |<ﬁ=t R-iproptRjIHac-timeRtlyfoenzyl isocyanates (m-
utyl eyl o net il

tertiary exyl acryl a | sopr opyl cycl opentyl "acryl ate,
tertiarypenTMigyend- ﬁu@pthﬂanmwatbaqﬂ-thmethaqrﬂnm aasy describasly ¢n dﬁ§xylfatm§rvpat e,
I sohexyl cycl I d I|s Y.

Addi ti onal a(%gﬁ% g"&i%g abﬁ@ %d(;)rﬁg eni ngoggg}e(n%ggénﬁge% giééc/'lrefig%é dr&;‘%sé) f
Pat ent No. folgtibyl %BholTHhSXWz&é(EpGM@'I dieshol ioh ©f pplgvinyl yaldohal-deethydene Wittt @3 or
met hacryl ates_such as: | soborn ryl at nd net hacryl at e,

di cycl opent &H]Qeﬁ?'l"“ §,1s%&yénaéeﬁ§ ﬁ&%ﬂé’éf‘yﬁaﬁ adamantyl acryl ate and

met hacrykate, and isopinocanphyl acrylate and et hacryl ate. Further

exanpl es of toughening agents are provided in U S. Patent No. 5,270, 418.
Thi s reference deNthopghsotyeawitedcepmapasiyionsyithiasthe scope o Heiresericinyensip smay

include toughening agents, preferably in quantities of less than about 80 weight percent e.g.

from about S to 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.
20 4,327,203. These agents include cycloalkyl acrylates or methacrylates, such as: methyl
acrylate and methacrylate, tertiarybutylcyclohexyl methacrylate, isopropylcyclopentyl acrylate,
tertiarypentylcyclo-heptyl methacrylate, tertiarybutylcyclohexyl acrylate, isohexylcyclopentyl
acrylate and methylisopentyl cyclooctyl acrylate. Additional examples of suitable toughening
agents are described in U.S. Patent No. 4,355,147. This reference describes polycyclic
25  acrylates or methacrylates such as: isobornyl acrylate and methacrylate, dicyclopentadienyl
acrylate and methacrylate, adamantyl acrylate and methacrylate, and isopinocamphyl acrylate
and methacrylate. Further examples of toughening agents are provided in U.S. Patent No.
5,270,418.  This reference describes branched alkyl hydroxyl cycloalkyl acrylates,
methacrylates, acrylamides and methacrylamides. Representative exaniples include: 4-t-butyl,

30  2-hydroxycyclohexyl methacrylate (TBE); : 4-t-butyl, 2-hydroxycyclopentyl methacrylate;
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met hacryl ates, acryl am des and net hacryl am des. Representative exanpl es

I ncl ude: ‘4-t-butyl, 30 2- hydroxycycl ohexyl nethacrylate (TBE); :
4-t-butyl, 2-hydroxycyclopentyl nethacrylate; -14 WO 97/ 20852

PCT/ US96/ 18356 net hacryl oxyam no- 4-t-butyl - 2- hydr oxycycl ohexane;

6-i sopentyl, WREBxycycl ohexyl nethacrylate; and net hacr PCOUPEIEAY,
2-1sohexyl, 5-hydroxycycl opentane. Internal wetting agents may al so be used
for increasing the wettability of such hydrogel 5 conposi tions. Exanples

of suitable j o | al k ri | 1
am nates as g@%@éﬁgﬁavﬁﬁg ﬁﬂ%u@gg{ﬁgﬁ{) *%g&l&%%%dg—z 62%?%#(5%% gg&eﬂgtﬂsx? d(::)IaClr?hgxg
represent ed mgtha¢rylateeanst methacoylenyamino, 2-isohexyl, 5-hydroxycyclopentane.
CHerr]=C(E)C(ONHCH G (CHerr])qC(O OCsi (V)[err] 10 wherein: Eis
hydrogen or nethyl, Gis (CHerr]),C(OOGSI (V)[err] or hydrogen, Vis

met hyl, ethyl or Dueomy wettingiagentmaydisodreusédibrindressinglthe watability of such hydregehn
integer form1 to, 10, +r is ap integer form1l to, 15, rei nafter .

r ef e?r ed fo Ssempesitians. AExamples of S&Répl?rtﬁ‘f‘%%?é mtwyag,entmgx_de %@ﬁﬁ@ﬂrtﬂwﬂy&
am no aci ds, ,ffhel RidseibedAfU S TaRhi NIEAE2060E e ks WaT bd f@fresented by the

characteristics to polysiloxane polyners, but precipitate out of

si | oxane nongereral farular es bef ore pol ynerization is conpl eted. NAA can be
nodified to formtrialkylsilyl esters which are nore readily incorporated
i nto pol ysil oxane pol yners. The preferred NATAs are

trimethylsilyl-Nnmethacryl oGHSOEBOINH)CHIGKEHT(©)OSK VA
met hacryl oxygl utamate, trinmethyl-N nethacryl oxy-6-am nohexanoat e,
tri met hy'&i | PRETRIN: net hacryl oxy- ani nododecanoat e, and

bi's-trimethyl-silylslyardgehachuhfixy aspartate. 25
G is (CH;),C(0)OSi(V); or hydrogen,
V is methyl, ethyl or propyl,
q is an integer form 1 to 15,
15 r is an integer form 1 to 10,

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

Acryloxy- and methacryloxy-, mono- and dicarboxylic amino acids, hereinafter NAA,
impart desirable surface wetting characteristics to polysiloxane polymers, but precipitate out of
20  siloxane monomer mixtures before polymerization is completed. NAA can be modified to
form trialkylsilyl esters which are more readily incorporated into polysiloxane polymers. The
preferred NATAs are trimethylsilyl-N-methacryloxyglutamate, triethylsilyl-N-
methacryloxyglutamate,  trimethyl-N-methacryloxy-6-aminohexanoate,  trimethylsilyl-N-
methacryloxy-aminododecanoate, and bis-trimethyl-silyl-N-methacryloxy aspartate.
25
Preferred wetting agents also include acrylic and methacylic acids, and derivatives
thereof. Typically, such wetting agents comprise less than 5 weight percent of the

composition.
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Preferred wetting agents also include acrylic and nethacylic acids, and
derivatives thereof Typically, such wetting agents conprise |less than 5
wei ght percent of the conposition. -15 WO 97/ 20852

PCT/ US96/ 18356 Ot her preferred internal wetting agents include oxazol ones
as descri bed womoidoss2 Pat ent No. 4,810,764 to Friends et al.rPCmesseus3darch 7,
1989. These nmaterials can be represented by the fornula: [err] 5 wher ei n:
Rlerr] and Rlerr] are independently selected from hydrogen or nmethyl, and

Rlerr] and Rerr] .,are nd end sel ecte from h I

radi cal s. These {?F*}sf B’i" g %?’85&3’1“%&%’5&5’"@8%% g;g)éesc%fda %:EP%%J%%F%%%“
2-isopr Ope NWo: 4,896,760t0 FHeR® d1\Al. isdned¥Iardh 719850 rthese( thAtBHAB) can be represented by
2-vinyl -4, 4-di met hyI 2-oxazol i n-5-one (VDMD), cycl ohexane

spiro-4'- ( 2thedesmtibeny| - 2 - oxazol -5' - one) (I PCO), cycl ohexane-spiro-4' - (2" -
vi nyl - 2' -oxazol -5'-one) (VCO, and

2-(-1-propenyl)-4, 4-di net hyl - oxaz ls'5 0 R{9PDIVD) The preparation of such
oxazolones is known in the art an Mg:ﬁu-b@d in U S Patent No.

4,810, 764. 15 These preferred internal \AEN%%%' ents have two inportant

features which make them particularly de tting agents: (1) they

are relatively non-polar and are conpat iRy IR;h t he hydrophobi ¢ nononers
(the pol ysil oxanes and the toughening agents), and (2) they are converted
to highly pQhgfeindm no acids on mld hydrolysis, which inpart substantial

wetting 20 characteristics. Wen polynerized in the Bresence of the other
conponents, a coBslaydBy areindependently SFW@*Qéﬁ'Pﬁ‘t*é’f’MP“ Merethylgndgent s pol yneri ze

t hrough t he car b??? aﬁﬁk?,oa'?e ﬂgéé}%l)@enh g@ec@dtl{béﬁ Q%Paw%&&)ﬁ ridi&ispol ysi | oxane

nononers, and w tougheni ng gents

These preferred internal wetting agents specifically include 2-isopropenyl-4,4-
10  dimethyl-2-oxazolin-5-one (IPDMO), 2-vinyl-4,4-dimethyl-2-oxazolin-S-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-S-one (PDMO).
The preparation of such oxazolones is known in the art and is described in U.S. Patent No.
4,810,764,
15
These preferred internal wetting agents have two important features which make them
particularly desirable wetting agents. (1) they are relatively non-polar and are compatible with
the hydrophobic monomers (the polysiloxanes and the toughening agents), and (2) they are
converted to highly polar amino acids on mild hydrolysis, which impart substantial wetting
20  characteristics. When polymerized in the presence of the other components, a copolymer is
formed. These internal wetting agents polymerize through the carbon-carbon double bond
with the endcaps of the polysiloxane monomers, and with the toughening agents to form

copolymeric materials particularly useful in biomedical devices, especially contact lenses.

25 As indicated, the subject hydrogel compositions includes hydrophilic monomeric units.
Examples of appropriate hydrophilic monomeric units include those described in U.S. Patent
Nos.: 4,259,467, 4,260,725; 4,440,918; 4,910,277, 4,954,587, 4,990,582, 5,010,141,
5,079,319; 5,310,779; 5,321,108; 5,358,995; 5,387,662; all of which are incorporated herein
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copolyneric materials particularly useful in bionedical devices, especially
contact l'enses. 25 As indicated, the subject hydrogel conpositions
i ncl udes hydrophilic nmononmeric units. Exanpl es of appropriate hydrophilic
nmononeric units include those described in U S. Patent Nos.: 4,259, 467;
4,260, 725; 4, XMIGI2 4,910, 277; 4, 954,587; 4,990, 582, 5, 01FCFAISI6/18356
5,079, 319; 5, 310,779; 5,321,108; 5,358,995; 5,387,662; all of which are

i ncorporated herein -16 WO 97/ 20852

PCT/ US96/ 183p§ rditresc@l cE:@ahpRs oEfsfefeweea‘y_aafopm@mﬁarﬁés fheRde mBin AeyHD BRI
I ncl ude both acrylic- and vinyl- containing nononers. Preferred hydrophilic

nmononer s maycerdaiging mepomert.yl i c- or vinyl -containing. Such s hydr ophi lic
nononers may thensel ves be used as crosslinking agents. The term
"vinyl-type" or "vinyl-containing" nononers refers to nononers containing

th Vi Ey: ~groupi nerefetseli ehydrdopkilid imonemets anay t&:eamfealdmyylibj ghlvyxyl‘-mtdir%img,e_- Sﬁflch
yaropni i c vi -_.contalnlng no rs are nown _tQ (0] nerilze re"atlve
easily. "Rcr yﬁf%hflwemomm-wr emseivespg used iaﬁgm%krsgés%ﬁsar@eﬁm eww&rﬁ@ﬁ%r s

cont ai ni ng t he Qi Mdntailhg®U PnoniErs'S RiRrs dtoD ¥mdridfhefsO'cOhthifing [ Be lvinkP I\%‘?Eﬁ% X
I's preferably hydiogen or nethyl and Y is preferably -0-; -OQ, "- .-

and - NH(Q - (CHyrGQH), ami ars genendlly highly reactize.k $uchchydeopbilic ivinyl-eositaging inogomoenyp .
Such npnoners_are known, t o.pol rize.readily. 15 . Pref.erred
ydropht 11c. e PuE af P eRa i g By Pecon nenbptubute’ fiomers
hydr ogel s of are biosp moaétiérs coitaiihg e atilid gtoep represdiddbyhcformata:N- vi nyl | act ans
(e.g. N-vinyl pyrrolidone (NVP)), N-vinyl-Nnethyl acetam de, N-vinyl-N

et hyl acetam de, N-vinyl-N ethyl formam d€ N-vinyl formam de, with NVP

bei ng the nost preferred. 20 Pref ellr ed hydrophilic
acrylic-containing nononers which may Y porated into the hydrogel of
the present invention include hydrophilig nmononmers such as N, N-di net hyl

10

wherein X is preferably hydrogen or methyi 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
to polymerize readily.

15 Preferred hydrophilic vinyl-containing monomers which may be incorporated into the
hydrogels of the present invention include monomers such as N-vinyl lactams (e.g. N-vinyl
pyrrolidone (NVP)), N-vinyl-N-methyl acetamide, N-vinyl-N- ethyl acetamide, N-vinyl-N-
ethyl formamide, N-vinyl formamide, with NVP being the most preferred.

20 Preferred hydrophilic acrylic-containing monomers which may be incorporated into the
hydrogel of the present invention include hydrophilic monomers such as N,N-dimethyl
acrylamide (DMA), 2-hydfoxyethyl methacrylate, glycero!l methacrylate, 2-hydroxyethyl
methacrylamide, methacrylic acid and acrylic acid, with DMA being the most preferred.

25 When both an acrylic-containing monomer and a vinyl-containing monomer are
incorporated into the invention, a further crosslinking agent having both a vinyl and an acrylic
polymerizable group may be used, such as the crosslinkers which are the subject of U.S.
Patent No. 5,310,779, issued May 10, 1994, the entire content of which is incorporated by
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acrylam de (DWMR), 2-hydroxyethyl nethacrylate, glycerol nethacryl ate,

2- hydroxyet hyl nethacrylam de, nethacrylic acid and acrylic acid, with DVA
bei ng the nost preferred. 25 When both an acrylic-containing
nononer and a vinyl -containing nononer are incorporated into the invention,
a further crwedhresst ng agent having both a vinyl and an acPgrisse/18356

pol yneri zabl e group may be used, such as the crosslinkers which are the
subject of U S. Patent No. 5,310,779, issued May 10, 1994, the entire

content of i ch is .ingorporated - 17 /.20

ST USo6! 188 barn SecHRpRimkersdbn 10 fpec i reddiogs Feblymes tonaly 2Y-opsable

resul ting qeaRiveRRhe EdpoBley coid Gldb BB lchred I56189 \b§ Mheatinge of whib layuwebined WVdarall s o

be cured solely by heating, or with a conbi ned W and heri\t revg%gen. Phot o
YRar (Wil e (gl

and/ or t herheat reginien; Bhefpand/og tiereal initaters FRAVITeHLIoYFHING Fapo ded
in the monopgl, %ﬁ%m@%ﬁk,\iﬁ’% huelrlrhlic?/% td thok1OGIRedSK ke &€ Ofhel RROsdinking Ghdhey

crosslinki ng ‘agent's I ncorporated into the

si | i cones cosieh miay e Hiydrpmyakd inte thedsilicpne-barsenipg bydrogel ligclugingcthpiscpreviausiyer
techni ques for. increasing the wettability of conpositions nmay al so be used
with the sd&ﬁﬂ'&? the present invention, e.g. plasma surface treatnent
techni ques which are well 10 known in the art. Particularly preferred

hydrogel conpositions conprise fromabout 5 to about 20 wei ght percent of
monomeri ¢ uni t s Qtberrtechaiguesifos jncregsing; the wettability af somposifipns aay Blso e pssdyithy

e aonOre hE sitle!cF ohe Blefhf BRESichY e EOp MM Eiice AOMmbiARIALLw R W i

ro I'C nononet | nts. e nononer mxes enployed in
t hi s i nuentknomn igthe alte readily cured to cast shapes by conventional nethods
such as WV polynerization, or thermal polynerization, or conbinations
t hereof, as commonly used in polynerizing ethylenically unsaturated

conpounds. 20  [RARMANG Prefeir¥® hidrogel I dipoaitiodshesniprise [Fny BBt Z9t0 @bout 20
initiators are organi c peroxides, such as acet alaorgeroxi de, Iaurogl
per oxi de, dueightPpicepicaf srangmeric uits renresepied By Fermulale 5oy 15 19 &P aueighipercent of

the monomeric units represented by Formula IV, and from 20 to 60 weight percent of

15 hydrophilic monomeric units.

The monomer mixes employed in this invention, can be readily cured to cast shapes by
conventional methods such as UV polymerization, or thermal polymerization, or combinations
thereof, as commonly used in polymerizing ethylenically unsaturated compounds.

20  Representative free radical therma! polymerization initiators are organic peroxides, such as
acetal peroxide, lauroyl peroxide, decanoyl peroxide, stearoyl peroxide, benzoyl peroxide.
tertiarybutyl peroxypivalate, peroxydicarbonate, and the like, employed in a concentration of
about 0.01 to 1 percent by weight of the total monomer mixture. Representative UV initiators
are those known in the field such as, benzoin methyl ether, benzoin ethyl ether, Darocur 1173,

25 1164, 2273, 1116, 2959, 3331 (EM Industries) and Igracur 651 and 184 (Ciba-Geigy).

Polymerization of the monomeric units of this invention with other comonomers is
generally performed (with crosslinking agents) in the presence of a diluent. The

polymerization product will then be in the form of a gel. If the diluent is nonaqueous, the
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tertiarybutyl peroxypival ate, peroxydi carbonate, and the |ike, enployed in
a concentration of about 0.01 to 1 percent by weight of the total nononer
m xture. Representative UV initiators are those known in the field such as,
benzoi n nethyl ether, benzoin ethyl ether, Darocur 1173, 25 1164, 2273,
1116, 2959, 33809¢/&EMWs1 ndustries) and I gracur 651 and 184 (C Bal/ugiéd§dse

Pol yneri zation of the nmononeric units of this invention with other
conmononers is generally perfornmed (with crosslinking agents) in the
presence of a diluent. The polynerization product will then be in the form
of a gel. |f dilbentasubntemiosedhoradheegeland teplaced] ith wataOtigough(the pse of extraction
PCT/ US96/ 18356 di |l uent nust be renoved fromthe gel and replaced wth_water
through the wed hpdration pratocols welk kaowy tr thoseckilled i Be arts Iisalsonestifle {,ParesEe

Killed i h : N I | Bl f I ' ' [
RN e MANE N, - BN AR e s T
O oo IS IR OHR e, IsSuelfSnbuk WEa L1 ATt B 1 add (ion

n pol yne

to the above- I one zation initiators, the copolynmer of the
present irvention may al so include other nonomers as will be apparent to

one skilled in the, 3afdiiod & HRXMHEW-RMentidhed FERMERLatioH Mnitiddrs] hel dogelymed of tet s,
or UV-absorbi ng agents such as those known in the _contact |lens art. 10 The

present i nverpresent ipreptivnimay alae éclude othgh menomers apwill e prparent; taorst shifled i tee
the fabricatign of LIASLNRS FapoHE il dnah idde Blokfids, BPUV- b ghis LEASES:

films, surgi o Vi -3V val'ves, “vessel substitutes, 1 ntrauterine

devi ces, nenhhkéss&aowmin thd doatacf lehswst. di aphragns, surgical inplants, bl ood
vessels, artificial ureters, artificial breast tissue and nmenbranes 15

i nt ended Yo cone into contact with body fluid outside of the body, e.g.,

menbranes for Ki dmay plésehtyifilention Provares trhdtetats Which i cas eaudfullf @npldyed for the
catheters, nouth guards, denture liners, intraocular devices, and .

especi al | y cdehrisation ef prastheses such as heart valves and intraocular lenses, films, surgical devices,

heart valves, vessel substitutes, intrauterine devices, membranes and other films, diaphragms,

surgical implants, blood vessels, artificial ureters, artificial breast tissue and membranes

15 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.

The polymers of this invention can be formed into contact lenses by spincasting

20  processes (such as those disclosed in U.S. Pat. Nos. 3,408,429 and 3,496,254), cast molding,
or any other known method for making contact lenses. Polymerization may be conducted
either in a spinning mold, or a stationary mold corresponding to a desired contact lens shape.

The lens may be further subjected to mechanical finishing, as occasion demands.
Polymerization may also be conducted in an appropriate mold or vessel to form buttons, plates

25  or rods, which may then be processed (e.g., cut or polished via lathe or laser) to give a contact

lens having a desired shape.

When used in the formation of contact lenses, it is preferred that the subject hydrogels

have water contents of from about 20 to about 70 weight percent. Furthermore, it is preferred
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The polyners of this invention can be forned into contact |enses by

spi ncasting 20 processes (such as those disclosed in U S. Pat. Nos.
3,408,429 and 3, 496, 254), cast nol ding, or any other known nethod for
maki ng contact | enses. Polynerization may be conducted either in a spinning
mol d, or a sWAx97@8%R2y nol d corresponding to a desired cont FEFUSKiE3Shape.
The I ens may be further subjected to nmechanical finishing, as occasion
dermands. Pol yneri zation may al so be conducted in an appropriate nold or

vessel to fgpm F}[hgﬁtggels Rhval z?ﬁxﬁaéus B 4688520 Wi o Ebbul HEM Fbﬂ'nzpﬁﬁ’& foped

(e.g., cut or po via lathe or laser) to give a contact |ens having a
desired shame&n#hdhmmahmnB@g@hﬁtbabmaﬂ0®ahmf-contact | enses, it is
preferred that the subject hydrogels have water contents of from about 20
to about 70 wei ght percent. Furthernore, it is preferred -19 WO 97/ 20852

PCT/ US96/ 18356 t Agdn ifhskeratibhy sitRastesent inviition, ¥evkedl efaniples arexirovitiedidion. nTiess I |
to about 150 g/mjerr], and nore preferably from abOUtd?,l}%vg‘iﬂt err]
F q

to
about 100 ggxamples s¢rve pely som furthes ilusteate aspecss ofithe inyendion ap f coastiped g

exanpl es are nLovi ﬂ*? w. These 5 exanples serve only to further
illustrate %@%%@%ggg v'ﬁié"ginvention and shoul d not be construed as limting

the invention. EXAMPLE 1 Several hydrogel polysiloxane conpositions were

prepared including varying ratios of ethylenically term nated
si | oxane-cont ai ni ng nononeric units r fed by Formula V (RD542),

hydrophilic mnose%éﬂaphyamgeﬁ%olwilamé @E&?dshﬁbﬁg WeR BrétarddChiN ding (dyihg) fativs bf ect
mononeric unit represented Formula 11, (MDJ. The specific ratio of each
nononer i uthe tethylesicpliyoterminated silorapg-eontainieg manonytis unis rerreseatsdnby Formdny wer e

oL ARG TG S B0 B Behae
V, i.e. polpyokchteriaini réfresented by Formula 11, (MO). The specific ratio of each monomeric units
is provided in Table 1 below. The example compositions were tested for various mechanical
properties, the results of which are also reported in Table L.
15
The monomeric umit generally represented by Formula V, ie. poly (25 mole %
octafluoropentyloxypropylmethylsiloxane)-co-(75 mole % dimethylsiloxane), referred to as

“RD542” below, was prepared as follows.

20 (a) Preparation of a DP 100 methacrylate end-capped poly 75 mole %
dimethyl siloxane-co-25 mole % methyl siloxane hydride prepolymer

To a 1000ml round bottom flask under dry nitrogen is added
octamethylcyclotetrasiloxane (371.9g, 1.25 mole), tetramethylcyclotetrasiloxane (1004 g,

25 042 mole) and 1, 3-bis-methacryloxybutyltetramethyldisiloxane (27.7g 0.7 mole).
Triftuoromethane sulfonic acid (0.25%, 1.25g) is added as initiator. The reaction mixture is
stirred overnight at room temperature. Ten grams of sodium bicarbonate is then added and

the reaction mixture is again stirred overnight. The resultant solution is filtered and placed
under high vacuum at 50°C to remove the unreacted cyclic compounds. The prepolymer

30  structure is confirmed by NMR spectroscopy.
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oct af | uor opent yl oxypr opyl net hyl si | oxane) -co- (75 nol e % di met hyl si | oxane),
referred'to as "RD542" bel ow, was prepared as follows. 20 (a)
Preparation of a DP 100 net hacryl ate end-capped poly 75 nole % di net hyl

si | oxane-co-25 nol e % nmet hyl sil oxane hydride prepolymer To a 1000ni

round bottomVO¥28SRK under dry nitrogen is added PCT/US96/18356

oct anet hyl cycl otetrasi |l oxane (371.9g, 1.25 nole),

tetramet hyl cycl otetrasil oxane (100.4 g, 25 0.42 nole) and 1,

3-bi s- met hacryl oxybut yht et papRafiof 6f 8| DPX80anethetrylafd endlcapped@biy) 75 mole %
Trifluoromethane sulfonic glethyl Giokaté-col2¥Mble 1% (AREAGH oaﬁﬂudaéﬁeh@mppmﬂfw

reaction mxture is stirreg [pd t roomtenperature. Ten grans o
sodi um bi carbonate is then é’%&ﬁéﬁ’!}&?ﬁe reaction mxture is again stirred
overnight. The resultant solution is filtered and pl aced under hi gh vacuum
at 50[erry C to r eroow$00 hicrount esoindthskc yplipped edthpaonapsietic stilrer gdoyapérycondensto,

IS, fi NVR . =20 WO 97/ 2085
PCT s 1538 @00ss 15 f4p B eIt Sqape JiyEridko PrEREV e (RIeRAEE EbaYEL 27781 |
75 1ol & 9 di @il G AR orPeiBlet BN B iyl A IACE R DROLHRIAPY
5 To a 500 ped with

si | oxane prepol yner round bott'om fl ask equip
a magneti c stavaileble framdHueld) and 80 micefsanhydrpes tgtizhydrofign ¢l §0mis of Idipkansfundére

silicone hydrid re ner...(prepared, abho ol . 0. 1pole) of

11 y1 oxyoct iy RS i ool BPRHe S8Rl B 7St et S meprse B
conpl ex {@v aipk@ksopytorobistshicortydRde. MWherdfhe AiBorRHytade 1R Feabied hé padtibnand
80 m s of dioxane under dry nitrogen. The reaction mxture is heated to

75[ err] C andmiiie issealedopnd thenynsactsdeallypyyorrilueropentase tis gepeysy tyoheatipgs shegf
silicone hydgj : i ] ] ' hag. . : Co 420

m xture is gﬁggﬁ%&uﬁgﬁgﬂ'{g&y‘ ﬁ‘?\}rn{ e%tt?tbe f?i%"o@&e??? Isﬁgﬁ%rggf%%sﬁtgar%dﬁ@vgﬁ by
heati ng t he soboitited prepalemertis cinfivesihyNMR spedtmsedp f or one hour. The
structure of the resultant octafluoro substituted prepolynmer is confirnmed
by NMR spectroscopy.

15 The monomeric unit represented by Formula II, i.e. 1-(methacryloxypropyl)-3-(3-
(2,2,3,3,4,4,5,5-octafluoropentoxy)-propyl) tetramethyldisiloxane, referred to as “MO” below,

was prepared as follows:

(a)  Preparation of trimethylsilyl protected hydroxypropy!
20 tetramethyldisiloxane

To a 1L round bottom flask is added 1,3-tetramethyldisiloxanc (100g, 0.774 mole),
allyloxytrimethylsilane (97.0g, 0.779mole), 0.008g of a (TRIS(triphenylphosphine) rhodium)
chloride and 400mis of toluene. The solution is heated to 80°C for two hours at which time

25 the silicone hydride is reacted as shown by 1H-NMR spectroscopy. The toluene is removed
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 propyl tetramethyldisiloxane.

(b)  Preparation of 1-(3-trimethylsilyloxypropyl)-3-(3-(2,2,3,3,4,4,5,5-
30 octafluoropentoxy)-propyl) tetramethyldisiloxane

To a IL round bottom flask is added trimethylsilyl protected hydroxy propyl
tetramethyldisiloxane (60g, 0.227 mole), allyloxyoctafluoropentane (74.1g, 0.272mole),
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15 The nononeric unit represented by Formula 11, i.e.

1- (met hacryl oxypropyl )-3-(3- (2,2,3,3,4,4,5,5-oct af | uor opent oxy) - propyl )
tetramet hyi di sil oxane, referred to as "MD" bel ow, was prepared as foll ows:
(a) Preparation of trimethylsilyl prot ect ed hydr oxypr opyl 20
tetranmet hyl diveidreasspne To a IL round bottom flask is added pcT/Us96/18356

1, 3-tetranet hyl di sil oxane (100g, 0.774 nole), allyloxytrinethylsilane
(97.0g, 0.779nole), 0.008g of a (TRI S(triphenyl phosphi ne) rhodi un) chloride

and 400m s of toluene. The solution is heated to 80[err]C for at
whi ch tine platinumdivigyl tergpethyldisiloxane qO@PPézH%H ‘@"AFZ%‘FL‘BVS‘%#% FHP
spectroscop uene 1S I [ r ;

resul tant ol d @%%@uldﬁaﬁfééi ITF‘ESM E gg| glrhr %(I/ptf %mﬁeg‘bgfsea?% 1‘:‘21?'?“5? the
(64. 8% yi el sbivenf istremowdnysingia rptoepaporatart €thetrgsitantyoilois ppssed through 50g of silica

tetramet hyl di.si ) ox . (b Preparation of,, . . .

15 (3T met B NEE 1 1608 i Bopiipg g mafhfens Spioide. cThe ggiventis removed usig a

oct af | uog OPRIIEQAYoratdF RRdihe résalkdnt 67 lshabilling hikm)éameonO/OéBnM?QU ekl P03 gramn | ask
is added trinethylsilyl protected hydr Oﬁ%a&r opyl tetranethyl disil oxane

t

(60g, 0.2270finB&%, puse | 1-(ostimsthylsilyloopepy d2258.4.4g,5-ortafluorpspentoxypiopyl)  wo
97120852 ethyldisiloxane

PCT/ US96/ 18§§'é‘“p'| <yif1| num di vi nyl tetramethyl di sil oxane conpl ex

(113ul,.002nol e/ul catalyst), 200m s of THF and 200m s of 1, 4-di oxane. The

solution is heated to 80[er for thre lch tinme the solvent is
renoved using a rot oéﬁhpoﬁé@?&“%@ﬂéﬁ?’%&ﬁ@%ﬁAﬁﬁ’%&ﬁ@ﬁ%’?ﬁﬁ‘%ﬁ)ﬁ 50g of
silica 4@ using a 10/1 mPQRYPdetirmetbyldisioxane,q net hyl ene chl ori de. The
solvent is renoved using a 5 rot oevaporator and the resultant oil is

vacuum di sti || o0y (UG IGRASHS.G1@.21, 4 MR pBho) Sy al
-(3-trinmethylsilyloxypropyf)- ) o
-(3-(2, 2, 3, fethyisBoane (B3:fg, 0.dmolepis dissolyedrin f40n)! of erethanalt Ay |this salutipnanedded ¢)
1- (et hacr y|, gx oWl ) -3-(3-(2,2,3,3,4,4 .5, 5- f.l uQr. 0%\ =
propyl) tet %3{%@5 ﬁgpé? ??tft%y ao& gbe%l’c at:l% aét1 TOO0Mm ‘temp%?atuﬂe. Y9 %ﬁm‘e fé@irredlﬁ)r one
15  hour and the solvent is removed on a rotoevaporator at 40°C. The resultant oil is dissolved in
300 mls of hexane and washed four times with distilled water. The organic layer is collected,

dried over magnesium sulfate and filtered.

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, 0.11mole) is slowly added. Following the addition of
methacrylo;cy chloride, the solution is brought to room temperature and allowed to stir
overnight. The next day the resultant solution is extracted two times with IN HCl, 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% yield) of a 95%

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

methyldisiloxane.
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1-(3-trimethylsilyloxypropyl)-3-(3-(2,2,3,3,4,4,5,5-octafl uoro-pent oxy
propyl) tetra- nethyidisiloxane (53.7g, 0.1 nole) is dissolved in 540m of
met hanol . To this solution is added 8.8m of a 10% sol ution of acetic acid
at roomtenperature. The m xture is stirred for one 15 hour and the

sol vent is renowewRoss? a rot oevaporator at 40[err] C. The resRGTANI6/B356 | s

di ssolved in 300 mMs of hexane and washed four tinmes with distilled water.
The organic layer is collected, dried over nmagnesiumsul fate and filtered.
The filtered reaction product from above,
(1-(3-hydroxypropyl)-3-(3-(2,2,373,4,4,5,5- 20

oct af | uor opent oxy an oparvipwtof thissyethisid id repirésentedhiey) the following, re@tion patkwdy; | s
added to a 1L round bottom flask along with triethylamne (11. 1g, O.

110nol e). The solution is cooled to 0OC and net hacryl oxy chloride (11.5g,
0.11nole) is slowy addgg, Foldw ng the addition of nethacryl oxy
chloride, the solution ijs’br ought° to room tenperat ygf&nd allowed to stir
overni ght. The next day SitreOresittHant ol uti o i>-extracted two times with
IN HCl, two tines 25 ifh 2NINaOH and two tines with distilled water, The
organic layer is collected and dPi ed oyeRhmagnesi um sul fate. The sol ution
is filtered and the solvent is renovedgusi ng a rotoevaporator. The
resultant oil is passed through 50g of silica gel using a 10/1 m xture of
pentane and net hyl ene chloride. Chje soltHgnt is renoved using a

rot oevaporator and the r | tantl oil id vacuumdistilled (120[err]C/ 0.

1mm Hg) to vyield 34.TMPans™~64%% yl%rﬂ)?'fﬁ a 95% 30 pure

1- (3- et hacryl oxypropyl )-3-(3-(2n2, 3, 3ct4. 4, 5, 5-oct af | uor o- pent oxy propyl)
tetra- nethyidisiloxane. -22 Wb 97/ 20552
PCT/ US96/ 18356 An overview of this synthesis_is represented by the

foll owi ng reaction pathway: [err] 5 &/rit heMr@’Meaz)ﬂ:b Prepare MO -23

CH,  CH,
' | —_—NTN AT
™S-0~ " Si —0— ?l 0" “(CF)H
CH, CH,
l HOAC
"o
Ho/\/\s:_o_?i/\/\o/\ (CF)H
CH, CH,
CH,
o}
I e
\)Lo’\/‘s;—o—?. 07 N (CF)H
CH, CH, CH,

Synthetic Scheme Used To Prepare MO
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Each of the constituents of each sanple were conbined in the ratios
indicated in Table I, along with a UV initiator, and m xed for
approximately 20 m nutes. Each of the conpositions were individually cast
as films andwawvswssted for several nechanical properties 5 perisodkasde
follow ng procedure. Filnms for each conposition were cast between sil ani zed
glass plates with a 0.3 mm Tefl on spacer using cure conditions of 2 hours
of UV at an intensity of 3500 [err]Wcnferr]. The UV initiator was Darocur
1173 (0.5% concentration). The resultant filns were extracted 16 hours in
2-propanol and tgyen Bm%omt&héforacﬁq %refdakdbmem thY rdfios thdlatds lmirgﬁft ion
i n phosphat e-buffered saline (pH he mechani cal properties of

were 10 dek edlonignwith on U mmgtpr,omdlvwsd fnscaopmnmagemsvmmmshoaschlaf)sneand

or obe ot o eapere jidbit il ol S By Ul DaRuIE IR deterd AR BRcgy
(1987) . sTheusingahefollbwingPrededhre! Filing for eﬁanrsdnqioadonoiveheﬁhl B%g»éeh@ﬂatxﬁ%a glakd s
in phosphate buffered saline for 3, 5 7, and 14 days at 80[err]C and
moni t or i ng RIMEs WitkA el M Tetlop iipacss using-gues canditioanef 2 fonss pEUY &t gn wttensipof
gglhgml Ca'TA%‘L’EW’%%‘;p egigél Iﬂ'?t(x)lhfmo;»%s ﬂéoqmquQCsW&&w%g frﬁ.e%s%mgng n
Wat er (W . wWére extracted\iScholitssin 2-;@opaaolgmu twebours arbdibtilled mm&m BVA 16 hour

gg/ gg} (23 (r)/r ]3%}1)'(11'8 gn chﬁaﬁaqg-[)uﬁere%sa?m/ %I—?OI 3)70The mech:alix%cal pro%egneg (?/f M% dvere

29 10 determined on arBdnstron Model 4500 %nga&Bml métﬁmr 1708t vl msRul Oxygérear
strength, oxygen ermsabl lity (DK), and water content for three
hydr ogel cH?Bg"saPt" YARK) wasdetefpiged '&msﬁb%mhresramg prebe pthed (1. Esth JiFh Rassead

none of theanm@m;s&damadﬁpr@s@@md) bl’hcﬁ%f?&ﬁ: skability (36 SRGQEoPRGrideh! 1 d
hydrogel conpositions includ ded 20 wel ght ercent respectively, of

t he nononerthetestfilms in phosphate-buffered salme for 3, 5, 7, and 14 days at 80°C and monitoring the

change in weight and water content. The results of the mechanical property evaluation for

15  each composition are provided in Table I.

TABLE1
Composition Young’s | Tear Oxygen Percent Water
(Wt. %) Modulus | Strength | Permeability
RD542/MO/DMA | (g/mm®) | (¢/mm) | (barrers)
70/0/30 192 3 104 34
50/20/30 100 3 70 33
30/40/30 29 S 64 34

Table I reports the modulus, tear strength, oxygen permeability (DK), and water
20 content for three hydrogel compositions. The first composition was a control and included
none of the monomeric unit represented by Formula II. The second and third hydrogel
compositions included 20 and 40 weight percent, respectively, of the monomeric unit
represented by Formula 1I, (MO). As is clear from the modulus data of Table 1, the control
composition had a significantly higher modulus than the other compositions which included

25 MO.
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represented by Formula Il, (MJ)). As is clear fromthe nodul us data of Table
|, the control conposition had a significantly higher nodulus than the

ot her conpositions which included 25 MO -24 WO 97/ 20852

PCT/ US96/ 18356 EXAMPLE 11 Several hydrogel polysiloxane conpositions were

prepared, as wod%Erosspl e |, except that the sil oxane-cont ai niPOG/USBENEESSI | C
units were substituted with a urethane-siloxane- containing nononeric unit,
as represented by Fornula XII1. Mre specifically, the urethane 5

mononeric unit is the same as that of w Il in U S Patent No.

5,034, 461. The preparation of the rmng Nit is known in the art and is
al so provided U. Sevétall BakogdPpolpsilbddhe 46hposhifonyiwele frepdrid, ais lin BxiapleXaettept
conpositions were tested for various nechani cal Et))r,ope tiies as reported in
Tabl e 11. 1cthat the siloxane-containing monomeric units were substifules} pvith a %ﬁb%i’sll?’@ﬁe'
Young's Te o . Tensi I r M

Modul us St ?’ré’r?tgaf%ng mondderic unI’( %/% néf? SeePtreF)w Wl X118 W\E/\gé er lcu{ﬂryétﬁﬁalﬁgt}'% DVA
(gnmi err]s) T7ddsdnAic unit is the Sahie as that of Example 11 i1 20.S. Patent No7 5,034,461. Zbhe

gg/ gO?g{)lO/ BpQ'eparat@a of tl%engonor%eric um?t’ is known ingtge art gnd is aél"s% proxsiq_ed U%S Patgnt §0.22' 8
40/ 30/ 30 5,034,464 2As with Exanfble I, the exafiple compositioRslwere tested 18P various medinidal
Table Il reports the nodul us, tear strength, oxygen perneability (DK),
el ongati on, raepertigstas repoped isnkabledk four hydrogel “conpositions. The first
conposition was a control and included none of the nmononeric unit
represented by Fornula Il. The second, third, and fourth 15 hydr ogel
conposi tieons included 10, 20 and 30 welT@BLEdJercent, respectively, of the
I alteraonraoacant.aoad hy Cor o L1 LN PSR- | axf e ~
Todul us. daifa oRCoDRERoR |« [F@mes | fear | DR | Tanale T Flong o | Fereem |
(Wt.%) ' | Modulus | Strength (g/mm?) Water
urethane/MO/DMA | (g/mm?) | (2/mm)
70/0/30 344 3 120 67 29 23.4
60/10/30 255 3 92 46 25 22.8
50/20/30 206 3 73 44 31 23.9
40/30/30 142 4 65 51 60 233

Table II reports the modulus, tear strength, oxygen permeability (DK), elongation, and
water content for four hydrogel compositions. The first composition was a control and
included none of the monomeric unit represented by Formula II. The second, third, and fourth

15  hydrogel compositions included 10, 20 and 30 weight percent, respectively, of the monomeric
unit represented by Formula II, (MO). As is clear from the modulus data of Table II, the
control composition had a significantly higher modulus than the other compositions which

included MO.

20 EXAMPLE III
Although the synthesis of monomeric units represented by Formula III are known in
the art, an additional representative synthesis is provided for the specific matenial represented
by Formula IV. More specifically, poly (65 mole % trifluoropropyimethylsiloxane)-co-(35
mole % dimethylsiloxane), can be synthesized as follows.

25
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control conposition had a significantly higher nodulus than the other
conposi tions which included MO, 20

EXAMPLE 111 Although the synthesis of nononeric units represented by
Formula 111 are known in the art, an additional representative synthesis is

provi ded forwbhgpgeeecific material represented by Fornmul a lp¥roAbyi@sss
specifically, poly (65 nole % trifluoropropyl nethyl sil oxane)-co-(35 nole %

di mret hyl si | oxane), can be synthesized as follows. 25 -25 WO 97/ 20852

PCT/ US96/ 18356 Cct amet hyl cycl ot etrasi |l oxane (39. 4 0. 133 nol e)
trifluoropropyl Getamsthyieyclptssrasioxqne543%B4g, 0.133nwioke " griftworopropyleyclotrisiloxane

nmet hacryl o 8L S| e ad t, room
t enper at ur 3}{%‘)‘5% 0r3§hnn %@*%Ltﬂﬁﬂl&&&&ﬁ%‘a@ﬂ%ﬂ!dls%b)?a}lgSgé!r!g )O.dlﬁ}’noleﬁvgr%%dﬁed

Tri f 1 uor omat ssone senipieranire taml :dur(@bcﬁﬂm) fiskGnded dry nivecgead deflucrochethiesilémizt | on
m xture was stirred for blcarbonaaszf%s t hen added to

the vi scou?c‘f’égéf‘&(;’rfsw \‘,’Ts “gﬂ?)d Fﬁég%fqa?'ﬂ"r{gf"@%‘f’?srﬁﬁ'g 4 hgutso Jodium
Fol | ol B9 bRariagt bl iteAladat 1BtRE G reablMiPpralith dhd Qe obftinucdl figd6and

the solution was dried over nmagnesiumsulfate and filtered using a 5[err]
m | 1ipore ThefitsonFéllawing theTheutrlizatiomtprocedure,pthlorotbrmn(S40mis) avay @deqoamhtﬂler and
t he chl or of

W thrapt 0 PP PRy Gmegfu Bt B B g iR PRl e

cyclics. Tiatrfiemasplacédyeh rv@sy eaporak asd mdcmdiefom GeR Geih6veda STHeaR S ilfagtd
tw ce. Followngthethlrdfragtlonatlon t.he ﬁrrer was cal | ect ed,
di ssol ved iPRER9ivateR yYastadded depppise wothe rapidh stirsag § 59 w} gf methamol g iemors theer ed

throughea Yhehkd Cidibe" The B&Kﬁe,&swéfaﬁas c%ﬁéddéd .ma mair&kaﬁ@d,ae Repelt8d ticar y

evaporator and the’ diethylether was renoved he | ecul ar structure of the
purified miollewiag thelthird frazmumashe:mimerm wemd? dispelvadr ip stithyjethersdiRdAVPLE
v over magnesium sulfate and again filtered through a 5u filter. The resultant solution was
placed on the rotary evaporator and the diethylether was removed. The molecular structure of
the purified material (150g, 75%) was confirmed by NMR spectroscopy.
15
EXAMPLE IV
Although the synthesis of monomeric units represented by Formula T are known in the
art, an additional representative synthesis is provided. More specifically, the preparation of
Methacrylpropyl di(octafluoropentyloxypropyldi-methylsilyl-oxy) methylsilane is provided

20  below.
(a) Preparation of Methacryloxypropyl methy! di-(methylsiloxy)silane

To a three neck round bottom flask equipped with a thermometer and magnetic stirrer

25 is added methacryloxypropyldichloromethylsilane (25g 0.104 mole), dimethylchlorosilane
(39.2, 0.415 mole), triethylamine (45.5, (_).450 mole) and 250ml of anhydrous diethylether.

The reaction mixture is cooled to -15°C and distilled water (14.9, 0.830 mole) is slowly added.

The reaction is allowed to come to room temperature slowly and the reaction is stirred
overnight. The resultant solution is washed three times with distilled water. The ether layer is

30 collected, dried over magnesium sulfate, filtered and the diethyl ether is removed using a
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Al t hough the synthesis of nmononeric units represented by Formula | are
known in the .art, an additional representative synthesis is provided. Mre
specifically, the preparation of Methacryl propyl

di (oct af | uor opent yl oxypropyl di - met hyl sil yl -oxy) nethylsilane is provided 20
bel ow. (a) Woegaoes2i on of Met hacryl oxypropyl net hyl PCT/US96/18356

di - (et hyl siloxy)silane To a three neck round bottom flask equi pped with a
t hernoneter and magnetic stirrer 25 is added

met hacryl oxypr opyl di chl gr onet hyl si.l ane (25q..0 o AT0! . oy

di met hy| chl ofBeEVRRRTHOY: sheresqyati 'm@)’é‘ et ﬁ\%éﬂ?ﬁ@?ﬁ& gve § 3940 PE,
and 250m  of og8n Ry (R4 FetHnftiel ¥y GCY RkthacrPd R TdifettysilyRoxi Ssilgm0] ed to
-15[err] C and diti&st i(l I eé wat er* ( 12. 9t, a%%é%‘ﬁan%? e) rIi ls e!si.lltyov}\'ll ;/(y);s(,jded. The
reaction is allowed to cone to roomtenperature slowy and the reaction is

stirred overnight. Th es . sol yti d l i .
distilled _water. The gPi;ler %e m%‘;nlss oélgmﬂgtﬁglkﬁlmgﬁ 3&?@?‘1‘8\}/‘%‘;5&2’&’3*}32?%%

sul f at e, tiltered and the &° 'y‘ioxéq KT PS "Femoved usi ng a -26 WO

97/ 20852 PCT/ US96/ 18356
rotoevaporator. The raesgbémint rouhd ivorwéacuBmkdi & i bdded (hedhbeylokyprépylonng to
give a 50% vyield of 94% E)ure Sas det erm ned by GOC) nethacryl oxyBroog)yI tris

(di met hysi | y(dumethyldlyloaysilang §.08, @P249amale).otllylogyoctaflupropentgneptlspy mole),
di (octaf | uor pResfy hOXMRERRVAiT complex (huels) and 80 mis of tetrahy ARIEERER. S The Aokt

met hyl si | ane roun I'S ed net’hacryl oxypropy lst ris
(di met hyhei | sefloxed) for bae hourtat GehichOtif@ 4@ sifidosd hydride)is oeayted taafshoven by d Bk NNR
(15g, 0.055 nole), 0.0 f | atin ivin conpl ex .(huel s), and 80

i 2ot Ut ot aRptiRsPoan. Ten dHE iy Pevfecel AloxiogtbhrRigs s ismnant Sa0e b cn
tinme the siljotsengpdmey | (5e°C/SormBpCleqdtigs mhanqlatifative | JiellVIBS S pREHabSHESHRY -
The THF and unreacted allyl oxyoctaf| uoropentane i s renoved using a

r ot oevapor at $foctatigprepentyieprapyldimethylsilylpy)methylsilaent i t ati ve yiel d of

met hacryl propyl di (octafl uoropentyl oxypropyl di met hyl si |l yl oxy) net hyl si | ane

15 Many ot her nodifications and variations of the present invention
are possibl e to tMany other modifications and variations of the present invention are possible to the

skilled practitioner in the field in light of the teachings herein. [t 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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skilled practitioner in the field in light of the teachings herein. It is
therefore understood that, within the scope of the clains, the present

i nvention can be practiced other than as herein specifically described. -27
WD 97/ 20852

PCT/ US96/ 1839/, dolafshS 1. A nononeric unit represented bydralfssslisdssl: 5
(I') [err] wherein: Ais an activated unsaturated group; 10 . Rand D
i ndependently are al kyl, al kyl ene or hal oal kyl groups having-1 to 10-carbon
atons wherein said carbon atons may include ether Iinkag r et ween:
Rlerr], Rerr], Rerr] and Rerr] are independently sele aﬂ H“Hor
hal oal kyl groups wherein ether |inkage Hﬁ%sbe i ncl uded

atons; siloxane groups; and carbocycli € ring groups haV|ng fron16 to 18"
carbon atons; 15 mis an integer froml to 500; n is an integer
fromlto 20; x and y are 0 or 1; z |s°% og 2; qnd X +y +z =3; so long
as at |east one lof R[%F‘PT"‘B?“"FH_“@F?H"’SF%‘ by Eempla Iy oup having from1 to 10

carbon afons. 2. The nononeric unit of claiml wherein z is 1, and
Rlerr] and Rl err] are independently 20 sel ected from al kyl groups having
from1l to 1@ carbon atons. 3. The nononeric unit of claim2 wherein at

| east one of said alkyl groups is fluoro-substituted. 25 4, The

monormeric unit of claiml| wherei®B)A is &sgroup selected from an ester or
am de of acrylic acid or ngi] I(C-ACl € —y—
U3 'kaﬁ$b{—'( 8c g —)- D—(crz)n—x»ﬂz
Ro)y R4

wherein;

A is an activated unsaturated group;

10 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;

R;, Ry, Rs and R, are independently selected from: alky! 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 atkyl 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 alkyl 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.
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5. Thé mononeric unit of claim1 wherein R and D are al Kyl

gr oups havi ng

from1l to 6 carbon atom; wherein rsTt,I E may i ncl ude et her

| i nkages t her ebet ween. 6. The Hmﬂm mmﬂm”cl aim1l wherein Rerr],
Rerr], R[err]Wﬁﬁm(Rfkrr] are indepéndéntiy "™ s selected fromﬁm@ﬂl&gﬁoups
having from1l to 10 carbon atons. 7. The nononeric unit of claiml

wherein nis froml1lto 6; and mis froml to 10. 8. The nonomeric unit

of claiml repr escgnt edg‘m( gr?{)onrlreur%gﬁmt%?l aim nw re{neﬁg}nd ﬁSarl;? f‘(lk%lcﬁ*rr%r I‘ssixﬁ\ﬁiggb‘from

hydrogel conposition f g nmonomner

MoNoNeri ¢ uniltis 6'cafbol afmitsashehdin S ditbon atomd mdyrihchatd? ethenisitagésntherébetweedn

activated unsaturated group; R and D independently are al kyl,

al kyl ene or

hal oal kyl groups having 1 to 10 car bon atons wherein said carbon atons may

include ether |inkagesy %@ﬁ{oﬁ&ﬁ% f@]ﬁf,r,] w &ﬁrm] R, & ]Rﬁtﬂg @[:}%nal,hﬂzre

i ndependently selected from a

oaI groups ereln 2

| i nkages msay sdectedifdbmabayl gmuwséamng&omdrtoa()@mbpn gtomsxane groups; and
carbocyclic ring groups having from6 to 18 carbon atons; -29 WO
97/ 20852 PCT/ US96/ 18356
7. The monomeric unit of claim 1 wherein n is from 1 to 6; and m is from 1 to 10.
8. The monomeric unit of claim 1 represented by Formula II:;
10
(1)
| | o |
15 9. A hydrogel composition formed by polymerizing a monomer mix comprising

monomeric units represented by Formula I:

@
(Rl)x 1'13
A—R— s.{v(—o— Sl—-)—D—(CFz)—li‘
Raly R4

20 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;

Ri, Rz, R; and Ry are independently selected from: alkyl or haloalkyl groups wherein

25  ether linkages may be included between carbon atoms; siloxane groups; and carbocyclic ring

groups having from 6 to 18 carbon atoms;
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mis an integer from1l to 500; nis an integer from1l to 20; x and y are O
or 1; zis 1 or 2; and x +y +z =3 ; so Iong as at | east one of R err] or

Rlerr] is an alkyl group havi ng on atons. 5 10.
The conposition of claim9 wher Jmml Im rr] Rlerr], Rerr] and
s

Rlerr] are |Qggp,§@g§ntly sel ectec frromea groups havi ngpéf,gggs,’l,sj@ 10
carbon at ons. The conposition of claim 10 wherein at |east one of
sai d al kyl groups is fluoro- substituted. 10 12. The conposition of claim

9 wherein Ais a group selected from an ester or amde of acrylic acid or
met hacrylic aci dnisk8 lntegefrfremddmﬁ@@.ut!s amintsgercfrem hto2¢xandyared ehl D are

al kyl groups havi.n om,1 to 12, 6 carbon atons wherein said carbon atons
may i ncl ude ethér'st)ﬁ%’ § tsherebetween nis fromlto 6; and mis from1

to 10. 14. Th%oﬁﬁ@h@&! léasﬂanﬁfmbakms%\affk?rgﬂ)ﬁp hdving fronoher 1 (Ccarbintatoms.
represented by Formul a | |ncI ude nmononeric units represented by Fornula I1:
20 (I'1) [err] 25 The conposition of claim 9forrred by

pol ymer '32' N9 2 T8O fﬁgglpgél?ﬁﬁq?g bf lcidin WGkl 2% NYand R, R,f R?nﬂnﬁbﬁl-”arelo to

about 89 wei ght percen one-cont ai ni ng nononeric units; -
97/ 20852  independently selected from alkyl groups having from 1 to 10 cafbOR/alWBSG/ 18356 (b)
fromabout 10 to about 70 wei ght percent of hydrophilic nononeric units;
and

11.  The composition of claim 10 wherein at least one of said atkyl groups is fluoro-

substituted.

10

12.  The composition of claim 9 wherein A is a group selected from: an ester or

amide of acrylic acid or methacrylic acid.

13.  The composition of claim 9 wherein R and D are alkyl groups having from 1 to
15 6 carbon atoms wherein said carbon atoms may include ether linkages therebetween,; n is from

1t0 6; and mis from 1 to 10.

14. The composition of claim 9 wherein the monomeric units represented by
Formula I include monomeric units represented by Formula I1:

20

am

=0

ol
N 0/\/\éi’ ~5i7 N0 N\(CEy) —H

25 15. The composition of claim 9 formed by polymerizing a monomer mix
comprising the following:
(a) from about 10 to about 89 weight percent of silicone-containing

monomeric units;

-30



(c) fromabout | to about 50 -weight percent of the nononeric units
represented by Fornula I. 5 16. The conposition of claim15 wherein said
si |l i cone-cont ai ni ng nonomer i ceH" ' noneric units represented by
Formula I11: (I11) [err] wheréill mﬁ"ﬂmﬁnmﬂﬂ activated unsaturated
groups; R ansoRYzéssrlependent|y are &an &1 k§l or al kyl ene greapubmisisg 1 to
10 carbon atons wherein the carbon atons may include ether |inkages

t her ebet ween; 15 Rlerr] through R err] are independently sel ected
fromthe groups descrihed with reference t err] thou er..]. a.is.an
i nteger equal to or gﬂgat efromabput1 10 5 ahoyt 20 g‘f["gh? f’éﬂgr"gq’@%ﬁ‘ﬁ% froggmenic
greater than,@. aﬂ?d a+ b+ cequals an integer from1 to 1000. 20 17.

The conposition of claim16 wherein A° and A" are groups selected from an
ester or anide of acr)ic fromdabont fetohalmuy [SOcweightdpereent gf dhermonpmene paitst ed
fromare al kyl %rpg{%s havilng froml to 6 carbon atons wherein said carbon
atons may | PraErate ngn?'f%'ages t herebetween; R err] through R err] are

i ndependent|y sel ected from al kyl groups having from1l to 25 10 carbon
atons. 18. A contact |l ens conprising. a hydrogel. conposition forned h

pol yneri zi ng a ndfoneherempastionof ciaip H)WB%/FE‘I“i%&ﬁﬂf’?’?‘@é%éﬁ?‘@a‘eﬂﬁlumys

E(C)Z[I';lesge} 1 823 é:pn'se MR merid nits represented by Formula IIT:

(1)
Illg lilm l'lu l|h4 16
ABR'—§i+o—?i—)5—(-0——?i-)5(—o—?i—)ao—fi—k"——A"
10 Ro Ry 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;
15 Rs through Ry 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 + c equals an integer from 1 to 1000.
20

17.  The composition of claim 16 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; Ry through R,7 are independently selected from alkyl groups having from 1 to

25 10 carbon atoms.

18. A contact lens comprising a hydrogel composition formed by polymerizing a

monomer mix comprising monomeric units represented by Formula I:
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(I') [err] wherein: Ais an activated unsaturated group; 5 R and D
i ndependent | y- are al kyl, al kyl ene or _hal oal kyl groups having 1 to 10 carbon
atons wherein said carbon atons may |nclude ether—t+nakages t herebet ween;

Rlerr], Rerr], Rerr] and R err] a HE@@%B sel ected from aIkyI or

hal oal kyI grcwgswyugy ein ether i nk ded bet p@ﬁ{]sﬁﬂggg)n
atons; siloxane groups; and carbocyctictritngs haV| ng from®o

carbon atons; 10 mis an |nteger fron11 to 500; nis an |nteger
froml to 20, x and y are 0 or 1; z is 1 or ; and x +y +z =3; so long
as at |east ( Bhe of Rlerr] or Rlerr] is an aIkyI group having from1l to 10
carbon atons. 19. The contact lens of claim 18 wherein z is 1; Rerr],
Rlerr], Rerr], and Rerr] are X i nde ndently sel ected from al kyl
groups having from1l to 10 scaphayp égq | ected from an
ester or am de of acrylic acid ok thacfyllm aci a D are al kyl
groups having from1l to 6 carbon(®dons wWRerein said carbon atons may

i nclude ether |inkages therebetween; mis from1 to 10; and nis froml to
6. 20 whefdin; The contact lens of claim 19 wherein the nononeric
units represente ude nmononeric units represented by

b
Formula I1: (11) ‘é¥? j‘“‘é’%‘“‘ 3%“‘“""??3’9‘79 120852
PCT/ US96/518356 2R and D iiepéndbrlytard SRy, AkyléedrMalbBlikyi@b@ishabmgd i 10 SRR

hydrogel is polynerized froma nononer m X conpri sing:
atoms wherein said carbon atoms may include ether linkages therebetween;

Ry, Ry, R; and Ry 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 ~ misaninteger from 1 to 500; n is an integer from 1 to 20, xand yare 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.

19. The contact lens of claim 18 wherein z is 1; R,, R;, R;, and Ry 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 20.  The contact lens of claim 19 wherein the monomeric units represented by

Formula I include monomeric units represented by Formula II:

an
[
X o/v\éi’o\%i/\/\o/\(ch)‘,—ﬂ

25
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(a) from about 10 to about 89.weight percent of silicone-containing
nononeri € units; 5 (b) fromabout 10 to about 70 wei ght

percent of hydrophilic nononeri c”mm;ml, g, fromabout 1 to about 50
wei ght percent of the nononeric Lﬂ" ,m by Forrmula I. 10
22. The contvaov7tesses of clai m 21 wherei # s&i d*si | i cone- conkGR/VREE3S6

nmononmeric units conprise nononeric units represented by Formula I11: [err]
15 wherein: A and A" are activated unsaturated groups; R and R

i ndependently are_,an alkyl or alk ne .group. havi . :
wherein the car bo?r?'at ohﬁywcf ﬁﬁﬁ *&ga"ﬁtlﬁg?’e'll%lnr?%\ggs@gm{eﬁ‘ ?@é&'ﬁﬂ? E?' e?gx‘f

t hrough R[ er ry méi{ofnet AfiERBIpASIAL! ¥ sel ected from the groups described wth
reference to 20 Rlerr] though Rlerr]; ais an integer equal_to or greater

I
than 1; b and c are infagerfomcbant 48 tor abpub feveight peigent 5 s'ampeﬁomg'emg
equal s an int . 1 to 1000. 25 23. The contact |ens of
claim 22 V\hernz(?'%%ﬁ%g@c?’ A' are groups selected from an ester or am de of
acrylic aaid or nethac@yl i c fimei shiouR10 s ebaRt 70 meeight percent df hydraphilicemanangric
groups having from1l to 6 carbon atons wherein said carbon atons nay
i ncl ude et he®™%:@R%ges t herebetween, and Rl err] through Rerr] are
i ndependent |y sel ect ed(d)r onfrgrh kabbutd | QdPgbolia 80 Neeight Grercknt of e mdNdIAETICALILIS .
-33 WD 97/ 20852 PCT/ US96/ 18356 24 The
cont act | ens rejresentgd by Fempiek ei n 5ai d conposition has a Young's nodul us

10 22.  The contact lens of claim 21 wherein said silicone-containing monomeric units

comprise monomeric units represented by Formula III:

am
Ills lllm llhz llln 4 l!lls
A—R —?i-(—O—S|i—)a—(—0—?i-)5(—O—?i—)50—?i—R"—A“
Rn Ris Ris Ri?
15  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;
Rg through R,; are independently selected from the groups described with reference to
20 Ry thoughRy;
ais an integer equal to or greater than 1;
b and c are integers equal to or greater than 0; and

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

25 23.  The contact lens of claim 22 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; and Rq through R,; are independently selected from alkyl groups having from 1
to 10 carbon atoms.
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of elasticity fromabout 20 g/mierr] to about 150 g/mferr]. 5 25.

A nmethod for.mking a hydrogel._conposition._including the step of

EOl yrrFrl I2| n?I? Fono]rrerlom thc]orrprl si ng nononeric u?l 'éls rep[ ese{]t Sd by .

ormul a err er vat ed unsaturated group;

and D i ndepegdpaidyszare al kyl ‘mummlﬂlmnlﬂml}al kyl groups,hay d to 10
52 Sob}Ek3

carbon atons wherein said car bon dt ofrs Pray® i ricl ude et her |inkages

t herebetween; R err], Rerr], Rerr] and R err] are independently sel ected

from al kyl or hal oal kyl groups wherein 15 ether |inkages may be incl uded
between carbon atons; siloxane groups; and carbocyclic ring groups having

from6 to 18 car ne: | S nln ml to.5 an i
froms to 20, x Bha o8 ey oF Gpin 1€ $Rtreis 8 combsiontting 3 ¥ cingS modluge
as at Ieastomenai ﬂ@ﬁﬁ&:mymrtbhbdlﬁlmgmn@l group having from 1to 10
car bon atons. 3’ The met hod of claim25 wherein z is 1, Rerr],

Rerr], R[err] and Rl err] are independently selected from aI kyl groups
haV|ngf om| to6l0 car t P d

am de ofgacr yli (?2 aci H&ﬂo‘?h@gﬁ{/’fﬁc& a""caharg{o%gll gﬁ sgﬁog’ a'FC?('RjFﬂ g?}(r)bu%ge&’haw ng
from1l to Gpadymézingatmore®mehmbaiompsising mpaomeait wito represented b)d?amlelaét her

| i nkages t herebetween; mis froml 25 to 10 and nis from1l to 6. 27.

The nethod of claim26 wherein the step of polynerizing a nononer mx is
further chagpcterized by preparing a nononer nix conprising: -34 WO
97/ 20852 PCT/ US96/ 18356
(a) from about 10 to about 89 mpight mgrcent of silicone-containing

| |
A—R— §1f(~o— Sx—")—l}-—(CFo)—l-ﬂ
Ra)y Ry

10 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;
R,, Rz, R; and R, are independently selected from: alkyl or haloalkyl groups wherein
15  ether linkages may be included between carbon atoms; siloxane groups; and carbocyclic ring
groups having from 6 to 18 carbon atoms;
m 1s 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;
s0 long as at least one of R, or R; is an alkyl group having from 1 to 10 carbon atoms.
20
26.  The method of claim 25 wherein z is 1; Ry, Ry, R3, and R, 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

25 to10;andnisfrom1106.

27.  The method of claim 26 wherein the step of polymerizing a monomer mix is

further characterized by preparing 2 monomer mix comprising:

34



nmononeric units; (b) fromabout 10 to_about 70 wei ght percent of

hydrophidic nmonomeric units; and 5 (c) fromabout 1 to
about 50 wei ght percent of the 1 ' 1 epresented by Forrmula I.
28. The met hod of claim 27 whmmm'mn‘glll mmne-cont ai ni ng nononeric
units conpri swononosseric units repréesented By Fornmula |11: PETUSP§I83f6er r |

wherein: A and A" are activated unsaturated groups; 15 R and R
i ndependently are an al kyl or al kylene group having | to 10 carbon atons

wherein th bon at i nl ther |ink t her ebet ween: .
i ough RLerr] are. | ndsbenden AEcits g ROt Bin PR PATRE Dedeersai it

reference topyGhéhérc nftugh Rlerr]; a is an integer equal to or greater than
1, 20 b and c¢c are integers equal to or greater t’lgﬁn 0;.and a +.b +
c equals an integer friom 1 fremBbes 1029 aboutTi{lweightiRegcest ok hydrophilis mgpomenc, A
and A" are grl%_,lspind;el ected from an ester or am de of acrylic acid or

nmet hacrylic acrd, and R' are selected fromare al kyl groups 25 havi ng
from 1 te 6 carbon at(eys \Goar ebout Satal abaut bidh weightrpercent ¢fithe umienamenie runits

| i nkages therebetween; and Rlerr] through R err] are independently sel ected
from al kyl gFepmRsentedh®y Feympladm 1 to 10 carbon atonms. - 35

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

comprise monomeric units represented by Formula TII:

10
{1
1}8 ll’\lo Illlz 1}14 Ris
A‘—-R'—?i*(—O-—S’i—)r‘-O—?i-)s(—O——?i—)EO—?i—R“—A"
Ro 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 Ry7 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 + ¢ equals an integer from 1 to 1000.

29.  The method of claim 28 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 Rg through R; are independently selected from alkyl groups having from 1

to 10 carbon atoms.
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(57 Abstract

Monomeric units useful in reducing the modulus of hydrogels are disclosed. Silicone hydrogels including the subject monomeric
units are especially useful in the formation of biomedical articles such as silicone hydrogel contact lenses. In formula (I), 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; Ry, Rz, R3 and R4 arc 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 I8 carbon atoms; m is in
integer from 1 to 500; n is an integer from 1 to 20; x and y are O or 1; z is 1 or 2; and x+y+z=3; so long as ai least one of Ry or Rz is an
alkyl group having from | to 10 carbon atoms.
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