: . REPLACED SHEETS SG
‘NOVEL WV CURABLE CROSSLI NKI NG AGENTS USEFUL | N éﬂ7
COPOLYMERI.ZATION  * This invention re ipgiora : nﬂﬁ@l43(§%§mﬁp """
conpounds whi ch may be usgd as novel crosslink ISiANE)OSt bageds tapegﬁarg
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of crosslinked pol'yrreri c systens, initiators, i RbARstrads| i Rﬂgeﬁg coﬂﬁé’éﬁ """"
and conpositions (crossllnkers) are often added—e—momomET—ITXES et of €
polynerlzatlon These crosNPYRkFE FURABLE GROSSLINK Iﬁ?n ENT8he desired
polymer..In addition, crossl|nk@ﬁ%?Q%wFQHqQ§RLY¥§&§§Nw characterlstlcs and

nechanlcal properties of the resultant polyners.

BACRGROUND OF THE INVENTIOR

This application is a continuation-in part
application of copending applications Ser. No.
07/788,071 filed November 5, 1981 and Ser. No.
07/884,483 filed May 15, 1992.

Field o ention

This invention relates to a novel class of
compounds which may be nsed as ncvel crosslinking agents
to prapare novel UV-curable hydroph;l;c copolymers
suitable for use as articles in the biomedical field,

especially contact lenses.

Backeround

In the field of crosslinked polymeric systems,
initiators, and crosslinking compounds and compositioné
{crosslinkers) are often added to ﬁonomer mixes before
polymerization. These crosélinkers facilitate formation

" of the desired polymer. In addition, crosslinkers can
affect specific :haracteristics and mechanical

properties of the resultant polymers.
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- 2- .Crosslinkers which are simlar in structure to the nononers
bei ng reacted are often added to nononmer nixjuwes. For exanple, a

di (meth)acrylate or di(neth)acrylan de nononmer would commonly be used as -a
crosslinker for a (neth)acrylate/ (meth)acrylamide system Alternatively,
to react a vinyl-type system conprising Nvinyl pyrrolidone or vinyl
acetate, for exanple, @rdléélymﬁéi%e u‘i:&‘&xsh':r&k%ﬁmiﬂﬁi‘ £5 SthdturBhiaghnd ate

woul d ordinarily be used. When a specific copolyneric systemis

desired which i nchtmmsed®ibeingaidated akre eghbai added nomarionnd a
non-acrylic vinyl-containing nononer, polynerization problenms occur as a

result of the varyhmigturest | \Fary exfampilies mdlrfnﬁbhtacmm axh ot her words,
non-acrylic V|nyI ontalnln Jononers are gene ally not active, with the

(et h) acryl at e- corfé e monomer ?F?Bﬁgfﬁ ’é"‘”ﬁ’d’ HEAL Bs, 2
oyt el hacryl ar egﬁaé%ﬁh%ts@d& R aRERIREE RS {pefif e (M1
3 t-bug | B nretﬁg ¥ a‘%ﬁl}‘i )Q'.E ?eﬁﬁﬁrﬂﬁiﬁﬁ%yﬁw system

initiator, and benz
' comprising N-vinyl pyrrolidone or vinyl acetate, for

~example, a vinyl-type crosslinker such as allyl
methacrylate would ordinarily be used. For the purposes
of this application, the terms, "vinyl-type" or “vinyl-
containing® refer to those non-acrylic monomers having
the vinyl grouping (CHy=CH-), and which are generally
reactive. "Acrylic;type" or "acryric-contéining"
monomers refer te those menamers containing the acrylie

grouping (CH;=CRCOX-).

When a specific copolymeric system is éesired which
includes ggth a methacrylate-containing monomer and a
non-acrylic vinyi-containing monomer, polymeriz;tibh
problems ocour as a result of the varying reactivity of
the two monomer types. In other words, nen-acrylic
vinyl=containing monomers are gensrally not reactive

with the (meth)acrylate-containing monomers.

Therefore, to cepelymerize N-vinyl pyrrolidone
{NVP) with, for example, methyl nethacrylnté (MHA) ,

allyl methacrylate has heen used as a crosslinker with

This Sheet Has Been Reilaced

IR




initiator. Such a nononer m x nmay then be first subj ected to W

irradiation to polynerize the nmet hacryl ate groups, followed by
heat curing to pol ynmeri ze the aTI?IT and vi nyl - cont ai ni ng T
nonomners. Thi s pol ynmerization schene is relatively cunbersone
and may | ead to polyneric systens having poor yields or a
resulting polynmer of poor optical quality, In addition, ] such
resul ting poIyners‘ﬁnkytﬂépeséxfﬁﬁﬁ°%$%s%ah?ﬂqﬁf a thermal reagtdPPners but

b h i nt i | k
oy 0 1 SOOI e penroyt WAV Tl W, BELORES,,
used to assi st tfuaﬂ%§€&ggggggfgggh a monomer mi¥ malf th¥R ER! B3ceyl ate

system however, thi's woul requi re heat curing. Heat
curing is not as deaibyairedage UV irradiatidh @y ipgRdywerdeeothe- heating may
adversely affect the desired. properties of the end-product
hydrogel . In nmethacrylddtei groupssufdllgund Myedwatuergngatoresult in a

hydrogel which also fails to ggssess t he desired end- . resul t
properti es. polymerize thepatlvinowpd Gosdi~Gantadndne rensReER - used

Vinyl monorers, ot pRINPSEEREE PR “aihend { panatvidy, bubbar Shn) brd.
ethyl ene glycol, may lead to polymeric systems having poor yields or a
| resﬁlting polymer of poor optical guality. In addirien,
such resulting polymers may not be true erosslinked
copolymers but may be mere nonhomegeneous

_ interpenetrating polymer networks.

Alternately, a ¢rosslinker such as allyl
methacrylate could be used to assist the polymerizatioh
of the NVP/methacrylate system; however, this would also
require héat curing. Heat curing is not &8s desirable as
UV curing since oﬁef-heating may adversely affect the
desired properties of thé end-product hydrogel. In
addition, insufficient heat curing can result in a
hydrogel which alsec fails to possess tﬁe desired end-

result properties.

other known ¢rosslinking agents often used in
polymeric syntheses are polyvinyl, typically di- eor tri-
~ vinyl monomers, most commenly the di- or

tri(meth)acrylates of dihydric ethylene glycol,
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4 triethylene glycol, butylene glycol, hexane-1,6-diol, thio-diethylene
gl ycol -di acryl ate and net hacryl ate; neopentyl-~glycol diacrylate;
trimethyl ol propane triacrylate and the like; N, N -dihydroxyethyl ene- -
bi sacryl am de and -bisnethacrylanides; al so diallyl conpounds like diallyl- .
phthal ate and triallyl cyanurate; 'divinylbenzene; ethylene glycol di vi nyl

ether; and the (ERiara ?;g{,gt Ql?ggfj s;,@fymeyghycamghhaﬁanéﬂ pé-hdigl am ne,

gl ycerol, pentanerythri , butylene gl'ycol, mannitol, and sorbitol.
Furt her, |IIustrathHdennh#mdnePﬁl?ﬁﬁiJﬁﬂamnglbte-énéth?hhaqty&ntka
sul f onat ed di vi nyl benzene, and divinyl sul fone. Al so useful are the
reaction productsh@bphpayéxgirk91 Qiﬂﬁﬂﬂkﬁﬁﬁyl&Fé@¢ﬁh¥h°1nﬁeﬁﬂﬂﬁated

i socyanates, for exanple_the reactlon%égoduct Qf . 2-h oxyet h
met hacryl ate wit h® acF@&C§Sn%PBePh?I 'hﬁbﬁyréééf?Féﬁf o %Tosed in

t)JoISyet ng' ?nt bi surgytlha g P?/I a‘%s as %8%3“3%}%%%1’3 e, e

4,192,827, and theﬁﬁ@@hﬂagln@israisiﬁfuIﬁﬁiﬂ@nateeaﬁale£1£&1§aﬂ¢g§ﬁu&sx§%
glycol, pol ypropyl ene gl ycol and polytetramethyl ene glycol w't

2-i socyanat oet hyl divdripanenzahe: (efi)laie Mivesdr djetnyl eehed: [=nd [the
- di met hyl benzyl isocyanates (mTM ), and pol ysil oxane- bi sur et hane-
di met hacryl ates ad»ésddmrprdaty estRrenfmelyeds suchs®8577 and 4, 605, 712.

Still other known crosslinkin
trigthanplamine, glycerol pentanerythritel, butylene

glycol, mannitel, and gorhitel. Further, illustrations
include N}N—methylene-bis-(meth)acrylamide, sulfonated
divinylbenzeqe, and divinylsulfona. Also useful are the
reaction products of hydroxyalkyl (meth)acrylates with
unsaturated isocyanates, for exsmple the reaction
produet ef 2-hydroxyethyl methacrylate with 2-
isecyanatoethyl methacrylate (IEM) as disclesed in U.8.
Patent No. 4,854,587.

other known crossiinking agents are the polyether~
bisurethane~dimethacrylates as described in U.S5, Patent
Ne. {.192,82?; aﬁﬂ those orosslinkers nht?ined by
reaction ef polyethylene glycel, polypropylens glysol
and polytetramethylene glycol with 2-i=ocyanatnethy1‘
metha:rylaté (IEM) or m-iéopxopen;il- b’,.g -@igethylbenzyl
isecyanates (n~TMI), and polysiloxanae=~bisurethane-
dimethacrylates as described in U.5. Patent Nos.

4,486,577 and 4,605,712, 8till other known crosslinking

This Sheet Has Been Reﬂ

e




-5- agents are the reaction products of galyvinyl alcohol, ethoxylated
pol yvi nyl al cohol or of polyvinyl alcohol- co-ethylene with 0.1 to 10 nol
% vinyl isocyanates like IEMor mTM. However, none of the -
above-nentioned crosslinkers can be used to copolynerize vinyl and

acrylic cononogepssts! Ay tHY YeddétdWr Mroducts of po1ireim s ¥yl t hat NVP
copol ynerizes well with vinyl carbonates and vinyl carbamates.

Specifical ly, ethékylkstah@ulvdmdpalpoholzerwethpolyyinylk alrdimiate. The
closeness of the reactivity ratios resulted in fayvorable random,

copol ymer i zat i eeretisena withy &44 t¥nd0 @elshevinyd. isegyanatesildke, . Vol .
27, p. 275, (1958)). Further, it has been recently denonstrated that NVP
can copol ynerFB4 oF (MMl | HowayeTra: &9ne 81 kPBoARPRE-BERTEONed )y sensiti ve

cortan’ crosdt PRGNS BIE np, ekl e Bepotipernye TL A ot ol (e
wat er cont ent .Q%&fmiﬁs %?gﬁ:ﬁggjuﬁhsﬁ%{,?[ content within

contact | enses fromt ydrogel polyners, the greater
is the oxygen perneability through the lens to the cornea.

It is also known that KVP copolymerizes well with
vinyl'carbonates anc vinyl carbamates. Specifically,
NVP was shown to copolymerize with vinylene carbonate.
The clogenass of the reactivity ratios resulted in
favorable random copolymerization. (See K. Hayashi and
G. Smets, J. Palymer Science, Vol. 27, p. 275, (1558)).
Further, it has been yecently demonstrated that NVP can
copolymerize with vinyl carbamates and carbonates with a
UV sensitive initiator. (See U.8. Patent Qo.

5,070,215).

It was discovered in the field that certain
ecrosslinked polymeric materials could be hydrated and
retain their water content. It was further found that
the higher the wat-er content within contact lenses made
from these crosslinked hydrogél polymers, the greater
was the oxygen perme'abilij:y through the lens to the

cornea.

—
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6 In the field of contact |enses, various factors conbine to yield a
materi al that has appropriate characterigtics. Oxygen perneability,
wettability, material strength and stability are but a few of the factors
whi ch nust be carefully bal anced to achieve a wuseable end-result contact

|l ens. Generally, as the water content. of a hydrogel increases, oxygen

Gl usi vel y 1 rom cont 5B; EF{ FETE ST SIS derisssa SEEARKS RN 1Y i S
acritical = chargehihg!es {0147 LANAGH it MEChpatopriate IN the
case of hydrogel preparatich, the crosslinkers affecti specific mechanical

properties rel achagabeefpericd massyin faduamiadel, waeta®bliwvpdul us, and
tear strength. As a result, it is desirable in the field of hydrogel

synthesis to inmateéwdiel speréngth et statddrityt areopubyaefew of the

predi ctable way with the conobnoners in the mpnoper m x, . there z'creating
hydr ogel s havi ng S8StPERNWRESR BRFt ke RATRLLLY bala“*ﬁﬂh}ﬂr%ﬁﬂi Ve 8y :

hyd d l'i nked I ' ' '
i 1 bri um ot at SSSPRES. BRGCr sy Ty ATATE S SR ny HPRGEREThe, bt BB wi ol

and are water content of a hydregel increases, oxygen

permeakility also increases. 8ince the cornea receives
its oxygen supply exﬁlusively from contact with the
atmosphere, good oxygen permeability is a ecritical

characteristic for any contact lens material.

In the case Sf hydrogel preparation, the
crosslinkers affect specific mechanical properties
relating to the firmness of the hydrogel, such as
modulus, and tear strength. As a result, it is
desirable in the field of ﬁydroqel synthesis to
intreduce specific crosslinkers to copolymerize in a
predictable way with the ceomonopers in the meonomer mix,
thereby creating hydrogels having certain desired

properties.

A hydrogel is a hydrated crosslinked polymeric
system that contains water in an eguilibrium sfate. The
physical properties of hydregals can vary widely and are
mostly determined by their water content. H&drpgels may

contain io% to 90% water by weight and exhibit excellent
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nostly determned by their water. content. Hydrogels may contain 10%to 90%
wat er by wei ght and exhi bit excel | ent - 31 -

7 bioconpatibilty. As a result there has been extensive interest in the-
use of hydrogels for various bionedical applications as bionedical

devi ces. For exanple, hydrogels can be used as contact |enses, intraocular
I npl ants, nenbranes and other filns, diaphragns, catheters, nouth guards,
denture liners, tissue replacenents, heart valves, intrauterine devices,
ureter prostheses, etcAsCsitdropat sanden pylomenisr syotberss. Baen found

in the field of ophthanol ogy, nost particularly.as c ct_lenses.
The use of hydrogeEBF&‘ﬁagéCEBﬁf'ﬁEtg?En% ‘Fﬁi’s‘%‘ﬁé’eﬁ%nk%‘g\?m‘,‘egi nce at |east

as early as W ot eghiuatlinll with SnPAEpzdP acha10-009sMich dhcuees

hydrdgel s involving a pol yner an hy xyal’kyl acrylate or

net hacryl ate crosspegliesdM biygefletroiving noticorsrde vhdtki islnoty,
pol y( 2- hydr oxyet hyl nethacryrate), al so known as poly-HEMA, was discl osed

as an illustrativecapletgty tadergtacdat dowavemnthef reisultingoendy
wei ght. Hydrogels such as 2-hydroxyethyl nethacrylate with water contents
of about 40% by meanﬂPCtapelyhﬁﬁnsrétem$eﬂ#hk?iisﬁ“ﬂﬁﬁﬁﬁFéchGH?Ehi

hydrogel s. capabilities as compared with all known hydrogels to
date. Therefora, the invention of this applicatien
contenmplates all resulting polymeric systems made
through reaztion nf‘desired monomers with the novel
crosslinket, as well as the the processes involved in

achieving said end;result polymers.

The appropriste amount of the crosslinker used is
unl} dependent upon the desired properties of the
resulting hydrogel, such as rigidity. Generally, the
concentration of the cresslinker does not exceed 20% by
weight of the total monomeric wix, preferably raﬁges
from about 0,.001% to about 10%, most preferably ranges
from about 0.01% to about 5%, and in sach instance
should be encugh to 1mp;rt desired properties upon the
resulting hydrogel. Typically, an amount of
erosslinking agent is added which enables the resulting
pqunéric hydrogel to absorb vater in the range from
aﬁnut 5% to about 90% by weight, preferably from absut

. e
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Anot her known hydrogel systemis conprised of copolynmers of N vinyl
pyrrolidone (NVP) and a nethacrylate, such-aks methyl nethacrylate (M),
The water content of the NVP-MVA hydrogel systens can vary

8 wdely as a function of the ratio of NVP to MVA.  However, nost
hydrogel s derived from NVP and MVA whi ch are of commercial interest have
a water content i rbidmompatOilildB0%As avsieghitr thgee Rys kRl extEnsivViE ng
N, N- di net hyl acryl am de copol yners (DMA) are Eno*m to hfve Sim]ar
properties. Hydr oghhkeEeR® Athithe Wt BYGRPIel5oTRENYRTIFRT FiPn Lre

3;:5?- (r:g];]'?zriir ﬁ?néoh%%%i?{\&/@?%tgfﬁfg“ i%{egg?ég gn!d'%rsi?’é%%g]n‘ecﬁani cal
properties. For mienls%%[}é@m% %sa"c%n%%te?éhéﬁsf o ABFhddlihr

" hydrolytically st her such materials ave at times

exhi bited tearing pempDiried, Hrafe Ao cthe ¥idhspodiapleregns, strength.

What was needed was a hi g'hly oxygen perneable material that was durable
and hi ghly wett abésthé¥erapidouth iguampnr denture linersf tissuéens is not
sufficiently wettable, it does not remain |ulricated and therefore cannot

be worn conf ort ab¥§PIACRBRNES e heame WMatal 1B5KRRELTIRA GBI RARFToL
only excel | ent OXyggé‘sB?éﬁs?P Iﬂlgéct:.y é)éjn?[me@cigl success for hydrogels has

bean found in the field of ophthamdlegy, most

particularly as contact lenses,

The use of hydregels to make contact lenses has
been known, since at least as early ﬁs Hichferle, et
al., U.S. Patent No. 3,220,960 wvhich disclnses hydrogels
involving a hydratad polymer of an hydroxyalkyl acrylﬁte
or iathacrylate crosslinked with a correspending
diester. Particularly, poly (2-hydroxyethyl
nethacfylate), alsc known as poly~HEMA, was disclosed as
an i{llustrative hydrogel having a water content of about
38% by weiéht. Hydrogels such as 2-hydroxyethyl
methacrylate with water contents of about 40% by weight,

are often referred to as low water content hydregels.

Another known hydrogel system is comprised of
copolymers of N-vinyl pyrrolidene (NVP) and a
methacrylate, such as methyl methacrylate (MMA). The

water content of tine NvP~-MMA hydrogel systems can vary
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excel.lent tear fluid wettability. As a general rule, |ow water
content hydrogels have acceptable properfi@%’for application as soft
contact - Il enses. Hi gh water content hydrogel s appear to have acceptableg -
oxygen perneability suitable for use as

-9- - extended wear |enses. Extended wear ‘| enses are:those_worn w thout

removal for peri dekde¥y @S [fymgddonhef she sytipRe MYE %9 dAwmt er cont ent

hydrogel s are often _n I I |_i Qt b q&af ' wat er -
cont ai ni ng Iensesl"i?fi’gﬁlve'= eg%’%rteé'a{#ggg ? § ?ggﬁ%r%&%ay ;‘E“";ﬁ@ar g,)&;ﬁ';lh
otherw se be noreyfd Qe donlABUY: interest RECE'&lvards Yoorlthdit™ant the
desirabl e | ens would have oxygen transmssibility at |east as high as that
of | enses conprispnced EINYY> M ghes rangewhi Redpdgsal $haontp indige gl and
mechani cal properties simlar to | enses nade fromthe poly-HEMA hydrogel s.
Si |i cone- cont ai ni dipefthyacaylanife copnlymere (RMA) Are ki Ao hadas

material s and displa very good oxygen perneabilifty, and durability.
However, nost silﬁtkgiﬁr RISRETTasy ngFQFPEFiﬂaF%P#Q&%;ﬂ%/WﬁﬁﬁFbHﬁ@Epé and
percents in this range are often referred to as high

watey content hydrogels.

High water-containing hydrogels have at times
exhibited undesirable mechanical properties. For
example, such hydrogels are not easily formed into
hydrolytically stable lenses. Further such materials
bave at times exhibited téaring or other breakage as a
result of poor tensile strength. What was needed was a
highiy oxygen permeable material that was durable and
highly wettable. Wettability is important in that if
the lans is not sufficiently wettable, it does not
remain lubricated and therefore cannct be worn
comfortably on the eye. The optimal contact lens would

have not only eice;lent oxygen permeability, but also
excellent tear fluid wettability,

As a general rule, low water content hydrogels have
acceptﬁble properties for application as soft centact
lenses. High water content hydrogels appear to have

acceptable oxygen permeability suitable for use as
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therefore not sufficiently wettable. Further, it is believed that such
hydr ophobi city causes deposit problens, which may result in disconfort
when wearing contact |enses made fromthese silicone-containing polyners.
The optinum contact | ens would have not only excellent oxygen
perneability, but also excellent tear- fluid wettability.

nmentioned previouslextendedngely dlayeds. s@xtignded teatl leadieat nge thoké be
preferable to heat curin 10
However, no conpl eMsrp Ugﬁ‘-bwhbt'%mw%/liw \nmods()rorstb}menémgnyl than a

acryI|CIV|nyI/styrene cr ssllnke olynerlc ten1 ently known.
Such a UV-curable S8®ynePP¥ Ek;b °@F§§SF kBFt8Bl e to

Cnete. Abs. Vol °”%&#% ?%%E%ﬂ%d }ééé‘é é%?o“' Bk, BfA"LRLERD
CH O (O - NH CH| @ionkehheng] fehtéd -Habe m#&rdported to tearCB@?b AbS.
Vbl 112 (1989) No. 226818r di scl oses the conpound =

C(CH err])- (O - O @lsdly]} Cepdrady i Dwide e xdlecprbne to damage- I'n
accordance with this invention novel conpounds which can be used as .
crosslinking agents for UV-curabIe polyneric hydr ogel systens are di scl osed
whi ch “conpri se at Ieast ne | -cont n|n nonomner and _acryli czcontaini ng

monomer and optional ly & PE% % B 55t ﬂF&FﬁPH&ﬁDﬁSHﬁr"°?EQ Rave
d bl h

rononer . mx. bot noxapef KERRES S QO ?}*%1%3? BighopbokRak ot

styrene or an acryheasasoa@mpﬂlﬁaﬂ¢%%ﬂéInvb-nnnldyakém, while alse having

strength and mechanical properties similar to lenses

made from the poly~HEMA hydrogels.

Silicone=~containing materials were tried aé viable
contact lens materials zsd displayed very good oxygen
permeability and durability. However, most silicena-
containing materials are largely hydrophobic and
therefore not sufficiently wettable. Further, it is
believed that such hydrophobicity causes deposit
problems, which may result in discemfort when wearing
contact ienses made from these silicone-containing
polynmers. The optimum contact lens would have not only
exéellent_qugan permeability, but also excellent tear-
fluid wettability,

As mentioned previously, euring hydrogels solely

with UV radiation would be preferable to heat curing.
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UV-cur abl e hydrogel s derived fromthe nononeric m x therefore conprise at

| east one vinyl -containing nononer, at |easti®dme acrylic- or
styrene-cont ai ni ng nononer, and a crosslinking agent froma novel class.of
conpounds. Alternatively, the nononeric mx may conprise at |east one
vinyl -, at |east one acrylic- and at | east one styrene-contai ni ng nononer
and the novel crosgbweneer, no completely UV curable acrylic/vimyl= or

The novel conpounds in accordance with this invention have the schematic

representation (|)styrene/viny1-or acryl1c/v1nyl/=tqnggrcrosa dAkedi n V
denotes a vinyl-containing group haying the  formul

[err] %f % zfrfp grEBﬁFﬁibﬁl ‘6\' oufUfBvRNYVE furable

f or mul a: polynerlc _1.[3?&{4921 system enploying a erosslinker able

to compatibilize groups of varying reactivities would ke

highly advantageous.

Y, B oN

In accerdance with this invention novel
croselinking agents for UV-curable pelymeric hydrogel
systems are disclosed which comprise at 1eést one vinyl-
containing monomer and a£ least one of either a styrehes
containing or an acrylic-containing monomer. The novel
crosslinkers ars able to polymerize hydregel systens
which contain in the monomer mix, both, at least one
vinyl, and at least one of ejther a styrene or an
acrylic group. ' The resulting, entirely UV~-curable
hydrogels dérived {from the monomeric mix therefore
copprise at least one vinyl-containing monomer, at least
one acrylie~ or styrene-containing monomer, and a
crosslinking agegt derived from a novel class of
crass;iﬁkers.. Alternatively, the ménone:ic mix may
comprise at least one vinyle, at leat one acrylic- and
"at least one styrene~containing monomer and the novel

crosslinker.
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S denotes a styrene-containing group having tEf f or mul a:

[err] - 12"7 Wherein ~ Rlerr] is
an al kyl radical derived from substituted and unsubstituted hydrocarbons, -
pol yal kyl ene oxi de, poly(perfluoro) al kylene oxide, dialkyl-capped

pol ydi net hyl si | oxane, di al kyl - capped pol ydi met hyl si | oxane nodified wth
fluoroal kyl or fluoroether groups; Rlerr]-Rerr] are

i ndependently H, or al kyindife hov@id ct@:293nRbPEBhave the sche@altican organic
group containing aromatic noieties having 6-30 carbon atons; XY
and Z are independesignesentdian I} vis 1, or hrgher

ais greater than or equal to 1; and sis greater t han or equa

to O.. These new conpounds, useful as new pol ymeric crosslinking
agents, are suitable for use in the preparation of new hydrogel polyners
whi ch, in turn, f‘be used in the preparation "af wi de range of various
bi onedi cal devrces such as contact |enses, sur ilcal devi ces, heart val ves,
vessel substitutes, intrauterine devices, ne hb and ot her films,

di aphr agns, catheters nout h guards, denturg ners wnd |ntraocular

devi ces. The resultrng new hydrogel s are egpecrallnyﬂl-surted for the
production of cont agiedsdrses. Thus, in another aspect the
present invention provides a conposition prepared by polynerizing a vinyl-
cont ai ni ng nononer, optVbdﬂﬂq¢2§ & yioyd=containing gnewpnbaviogt tbeal |y an
acrylic-containing jrononer, and as a crosslinking agent a conpound of this

i nvention of fornul IPP%Q' Further, the present invention
provi des a conpositron prepared by polégerlzr a nonomer m X conprising a
pol ysi | oxane- cont ai ni ng nononmer and a
,/ ‘\
Ros pOlels £

i}
o H

A’ denctes an acrylic-containiﬁg group having the

formula:

Rs ! Ré [
\
C=t

2 c/’ hY
g e ’ Ry
0 4
0 £

8§ denotes a styrene-containing group having the

formula:
Rg Ry
\
cmc”
SN
Rip’ Q- i
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- 13 .- containing nmononmer, and as a crosslinking agent a conpound of this
invention of formula (1). Preferably the'b61 Si | oxane-cont ai ni ng nononer

i s a pol yurethane- containing siloxane prepol yner. Yet further,
t he present invention provides a hydrogel prepared by polynerizing a
monomer m x conprigsing.(i) methacryl oxyethyl vinyl carbonate, N-vinyl
pyrrolidone, and H% g%éethyl nmet hacrylate; (ii) Nvinyl pyrrolidone

2-vinyl -4, 4-di net hyl - 2a0xa e di | ﬁg&h
met hacryl oxyet hyl viny ca%%d%ﬁtefkggm%a %ﬁﬁ rriwé- I'S- %ngghacry oxyal kyl )
pol ysil oxane, 3- MRhRAGHR¥LEXYPEQRYd Rydiddaniig)y pol1y@1Xy1efik! 8ege N- Vi nyl

pyrrolidone, and nethacryl oxyet hyl vinyl car bonat e. The present
invention al so preelg¢pentivsioy ofkylddda ddde,dadgdkylseappedi ng the steps
of : (a) form ng a nononer m x conbining an acrylic-containing .

mononmer, a vinyl - vohrdinehgyhtm&mmaneuuﬂiqikmimﬁﬂpp styrene containing .
nmononmer with, as a ssl nki en u ording to any one of
Cains 1-8; %’B?‘L’éﬁ?g]g“’[gﬂ? rﬂ@ag‘tﬁ% é’ggf‘ %iFBrPB?W:g %I yner ;- and
(c) hydrating the in (b) to forma hydrogel. '
BRI EF DESCRIPTICNngE¥EE§?¢§“é%ﬁ§?L Figures 1 and 2 depict the
effect on nmodul us of pa ymgahaa@efiﬂd@pd@fmrﬁdm,noﬁxamyfsoﬁ& o el ow as
t he conposition ratio o to DVA i s changed Figure 3
depicts the effecuamhbnndﬂbns.of met hacryl at e- capped pol ysil oxane fil ns
prepared in ) 13a

0 is an organiec group containing aromatic mojeties

having 6=30 carbon atoms;

X, ¥, and Z are independently O, NH or 5;

¥/ is 1, or higher; and '

a’, &’ are independently greater than or egual to

0, and a’ + B’ is greater than or egual to 1.

These new :rasslinkiné cénpounds, usgful as new
polymeric crosslinking agents are suitable for use in
the preparation of new hydrogel polymers which, in turn,
may be used in the preparatzon of a wide range nf
varjious biomedica’ devices, such as, contact 1enses,
surgical devices, heart valves, vessel substitutes,
intrauterine devices, membranes and other films,
diaphragms, catheters, mouth guards, denture liners,. and
intraccular devices. The rasulting new hydrogels are
especially well-puited for the production of contact

lenses.
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Exanpl es 58-61 bel ow as the conposition ratio of NVP to DVA i s changed.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON ~ 13 = As already stated, the
present invention is directed to new conpounds useful as crosslinking
agents which |ink nononmers and prepolyners to form new copol yners which are
particularly useful as bionmedical materials, and are especially useful in

contact |ens applications. These new crosslinking agents can be used with
a wide variety of nononers and prepol yners and can produce a wi de variety
of contact lens materials sucgpagr pegomxeryhe o PR PRIWENGEBEAD| € | ens

materials; soft hydrogel lens materials, soft non-hydrogel lens materials,
si | i cone-cont ai ni ng pol Pixpuxes Mateend demubtntheseffe@hebmm@mm@f
pol ymeric material s. The

novel conpounds ofp?hﬁlﬁ%ﬁ ﬂﬂ%ﬁsoﬁh@aﬁ°ﬁﬁ°5be%r’&F5® %ﬂf‘?yltrﬂg

known organic reacé on sywkpese conbi ne the acrylic group and possibly
styrene group fro A alnlng and optionally styrene-containing
nononers respectively mnth the vinyl group from vinyl-containing nononers,
such as the preferred vinyl carbonates or vinyl carbanmates. The

conpounds can be preppigsrdys RFITt the effdetsehi MoaURACtdON of an
al cohol or an am ne which contains an acrylic or styrene group, with, for

exanpl e vinyl chlmsethsenplatamthpped pblysddoxanectilns i mnstie. g. at
anbi ent tenperature or below). The co ounds can also be prepared by an
addi tion reaction efmppeitipe ratic of to DMA is changed.

D_DESCRIPTION OF NVENT

The present invention is directed to new
crosslinking agents which link monomers and prepolymers
to form new copolymers which are particularly useful as
biomedical materials, and are especially useful in
econtact lens applications. These new crosslinking
agents can be used with a wide variety of moncmers and
prepolymers and can produce a wide variety of contact
lens materialé such as, for example, hnrd ﬁas permeable
lens materials; soft hydrogel lens materials, soft non-
hydruéél Jens materials, silicone-containing polymeric
materials and non-silicone—containing polymeric

materials.

g



type of alcohol or am ne netioned above, with vinyl isocyanate at | ower
tenperatures (at or below 10 degrees C). Bot¥f types of reactions are

further depicted by the follow ng reaction schenes: R-XH + a
Herr]CCCHOCC -->R—X—C—OHCH=CH[err] (Condensati on Rx)

[err] [err] 0 RXH+ Herr] C=CHN=C O
----> R—X—C—N-CH:CH[erﬂpe(nduellomoik;lnkers of the present invention can
[err] O H_ where

- 15 Ris d”ﬁé?@éé’%oﬁfa?‘ﬂi’}@”aﬁﬁ Jen @WP“&"SF?FEF%"“ cont ai ni ng

, bot h f h
O Condensat on ¢ omtiRety R Ehutine tne acyYIIPLE BELEINE BHBLE FobnoC
(HEMA) with vinyl Wﬂl&@&%ﬁﬁiﬁ%#'&% ;_;geg,{;_a.go\ﬁlt@m% yboﬁngl-scar bonat e

(HEMAVC). One prefer exanpl e of "an addition reaction“used to produce a

novel conpound of - thdspectioeliyonits the vimel igupotrbEMihei vhnylayl
| socyanate to form net hacryl oxyet hyl vinyl carbanate.
containing monomers, such as the preferred vinyl

carbonates or vinyl carbamates.

' The crosslinkers ¢an be prepared by means of a
cohdensation reaction of an alochol or an amine which
contgins an acrylic or styrene group, with, for sxanmple
vinyl chloreformate under mild reaction ceonditions (e.q.
at ambient temperature or below). The crosslinkers can
also be prepared by an addition reaction of the same
type of alcohol or amine metioned above, with vinyl
isocyanate at lower temperatures {(at or below 10 degreas
C). Both types of reactions are further depicted by the

following reaction schemes:

R*XH + Hzc-CH-O-t':{:-cl -—>R-X-ﬁ-0-c}!—c}!2 (Condensation Rx)

(o) o
R~XH + HpC=CH-N=C=0 e===> R=X=C~N-CH=CH, (Adaition Rx)
. : _ |
OH

wherein
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- 16 - Conmpounds containing a urea group can be prepared by
reacting an ammoniumsalt containing a styrepg Qr nethacrylate noiety,
such as 2-am noet hyl nmethacryl ate hydrochl oride (Kodak) w th vinyl
I socyanate under basic conditions at anbient tenperature or bel ow.
Vi nyl isocyanate, an internediate useful in this invention, can be

prepared by reatting aqiulyle S AR5 WGP d0G ecyrane-

contai ning an i nhi bh&e¢ %}i PoRBRCanf SEes & K, Iiytd;ers and S. B.
Monroe, J. Macro. Sci., A5(0) %ﬁ.fg%S 1070 (1971 ) . Wil e the

present invention can be used with many polyneric materials including

hydrogel s, especially preferred are hydrogg t he specific polyners of
whi ch- may be deri ved f reng mxgmm vy EPR CcFuTh amn@&r@ation

acryl am de, nethacryl ate, nefhacryl am de, rene-. cont rs,

di met hacryl ate and hﬁ*f%f&r’;ﬁ é’%edé" BﬁeP zvt‘ﬁ?ﬁc’ﬁﬁ’ﬁﬁyr}m??ﬂtgio T 4 ate

nononers, Vi nyl r el '

(et h)acryl at e/ (et iﬁﬁ@r &'i;t% Zﬂ:@ép %&%%ngggyrrer soa%"fld of the

above- ment i oned NoNpkEk oAb Vg1 Mk rnbikt O CtrbRRl e

pol ysi | pxanes, pol yfluorosi|oXanes, polyfluoroethers, polyurethanes and

ot her groups. preferred example of an addition reaction used to
produce a novel grosslinker is the reaction of BEMA with
vinyl isocyanate to form methacrylexyethyl vinyl

carbamate.

A erosslinker having a styrene and vinyl group such
as ¢~vinylphenyl vinyl carbonate c¢an be produced by
reacting 4~-vinyl phenol (CTC Organics, Atlanta Gh and
Polysciences, Philadelpbia, Pa), with vinyl
chloroformate under mild condensation reaction
conditions. Lnothér preferred crosslinker, 4-
vinylphenyl carbapate can be prepared in an addition
reagtion by reacting 4-vinyl phenol with vinyl
isocyanate., Alternately, & cresslinker containing a
styrene and vinyl group can be prepared by reacting
p-chlpromeﬁgylstyrene (Dow Chemicgl) with a vinyl
carbamate-containing acid under mild reaction
¢onditions, and using 1,8-diagabicyclo[5,4,0]~7-undecene

as an acid receptor.
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17 One preferred class of suitable siliggne-containing nononers
contenpl ated by the present invention are bulﬁy pol ysi | oxanyl al kyl
(meth)acrylic nononers represented by the formula (11): p
[err] (rr) wher ei n: - Xis 0 or NR each Ris

I ndependent |y hydrogen o each R|§rr] i nde dently a
| oner al kyl or phenyl ’%Eég%’a“e“ c'?nt?'?"& ac! grgup gar?%(arrpl es of
such bul ky mononer sg + iﬁfprﬁﬁﬂmw szlt containin

ane pentanet d

trls(trlnethyIS|ony)S| i si | oxanyl met hyl met hacr Iate

trlS(trlnEthy|Sl|0X8¥??éﬂécéﬂ|ﬁﬂﬂhiﬁﬁ¥md d Iffyiesty, such as 2-aminoethyl
phenyl t et ranet hyl di si | oxanyl-et hyl acetate, and

nethyldl(trlnethylsnehhg¢mglmaﬁrgydngcuﬁdqddeﬂﬂﬁnﬁak) with vinflrisweryanate
preferred class of silicone-containjn prep mers is a
pol y(or ganosi | oxaneWNPLE Porghe rcondif Qiﬁlﬁﬁé ESRRAFALYYe |9% below.

Vinyl isocyanate, the intermediate useful for
making vinyl urea and vinyl carbamate, can be prepared
by reacfing acrylyl chloride with sodium azide at 10
degrees C or below, followed by distillation of the
product into a oeld trap containing an inhibitor such as
hydroguinone. (See G.B. Butler and S.B. Honroe, J.

Macro. Sci., AB{8), l063-1070 (1S71)).

While the present invention can be used with many
polymeric materials including hydregels, sspecially
preferred are hydrogels, the specific polymers of which
may be derived from monomers which may include acrylate,
acrylamide, methacrylate, methacrylamide, styrene-
containing moncomers, dimethacrylaté and dxmethacrylamide
monbmers, vinyl amide-containing monomers, vinyl
carbonate/carbpapate/urea monowers, and
{meth)acrylate/ (meth) acrylamide-capped prepolymers All
of the nbo@é—wentionéd monomers and Prepolymers may
further include polyziloxanes, polyfluorosiloxanes,

polyfiuoreethers, polyurethanes, and other groups.

This Sheet Has Been Re‘placed -
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18 , [err] (_IéL,)_ wher ei n: Ais an
activated unsaturated group, such as an ter or amde of an acrylic or a
met hacryl i c acid; each Rerr]-Rerr] is independently selected from .
the group consisting of a nonoval ent hydrocarbon radical or a hal ogen

e hay have ot ner End SRS i Br, altpRle oL Ds S E I I EHD
di val ent hyd paTeleis
<" o an i nf cur et GEHyepatad tche pResintolifinRioNze My °

cl ass of siliconsolyed iyl alilon@etl)ackyddes mbhoRene- repied anieg \Byny |
carbonate or vinyl - carbamate nononers of formula (1V)

[err] wher eithe formula diffjtses -0-, -S- or -NH; Rlerr] denotes a
si |l i cone-cont ai ni ng organic radical; Rl err] denotéB hydr ogen or
met hyl ; dis 1, 2, 3 or 4, and 1 1
R -S;-R
R o R
t { { 1
(I1) Hzc-=c-ﬁ-x- (CHz) f-s;i-o—fi—n
0 o =r!
t
r? — si~ R
[
R
wherein:

X is O or NR:

eacrh R is independently hydrogen or methyl: and

each R* is independently a lower alkyl or phenyl
group; and

f is 1 or 3 to 10,

Examples of such bulky monomers include
pethacryloxyprepyl tris(trimethyleiloxy)silane,
pentamethyldisilaxanylmethylmeihacrylate,
tris(trimethylsiloxy)nethacryloxy propylsilane,
phenyltetramethyldisiloxanylethyl acetate, and
nethyldi (:ti-imsthyls ilexy)methacryloxymethyl silane.

A turther preferred class of siliénnefcontaining
prepolymers iz a poly(organosileoxane) prepolymer

represented by the formula (II1I):

ea}hsB&quMMm

N e




- 19 - gis 0 or 1. Sui tabl e silicone-containing organic

radicals R err] include radicals having amg ef the follow ng formul ae:
-(CHerr])n" Si[(CHerr])mMCHerr])[err]; -(CHerr])n" . -
Si[CSi(CHerr])mCHerr])[err]; [err]

wher ei n: RJO denot es 5 0 ~ '

[err] -(CHerr])p' -OC CHCH eﬁ? wﬁéreln ﬁ‘ is_1 to 6;

Rlerr] denotes an al kyIIZadi cal or aA#{® rfﬁﬂﬁQﬂ-Siﬂ@ch E-@R{h-A to 6
carbon atons; eis 1 to 200; ﬁﬁ |sR§ 2, géor- 4; and

m is 0, 1, 2 3, 4 or 5. The silicone-containing V|nyI carbonate or
Vi nyl carbanate nmononers specifically include: 1, 3-bis[4-

Vi nyl oxycar bony| seheredn:1-yl ]t etranet hyl - di sil oxane; 3-
(trinethylsilyl)propyl vinyl carbonate; 3-
A is an activated unsaturated group, such as an
ester o amide of an acrylic or a methacrylic acid;
each RI-R® ig independently selected from the group
consisting of a monovalent hydrocarkon radical or a
halogen substituted monovalent hydrocarbon radical
having 1 to 18 carbon atoms which may have ether
Iinkages between carbon atoms:
R’ is a divalent hydrocarbon radical having from 1
to 22 carbon atomé:

and

n is 0 or an integer greater than or egqual to 1.

Anocther preferred class of silicone containing
nonomers includes s;licone-cnntaining vinyl carbonate or
vinyl carbamate monomers of formula (IV):

r® o
(xv) cn;-é- (CH3) q-o-géy ’ rSi
a
wherain:

¥ dénotes eQ=, =S« or «NH-; _

51 dsnotes a silicone~containing organic radiecal:

rE denotés hydrogen or methyl:

d is 1, 2, 3 or 4: and

- ‘This Sheet Has Been RT
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(vi nyl oxycar bonyl t hi o) pr opyl - 20
[tri's(trinmethylsiloxy)silane]; 3- [tris(trinmethylsiloxy)silyl] propyl
vinyl .carbamate; 3- [tris(trinethylsiloxy)$#Ay1] propyl allyl carbamate:;
3- [tris(trinmethylsiloxy)silyl propyl vinyl carbonate; t-

but yl di net hyl si | oxyet hyl vinyI car bonat e; trinethylsilylethyl vi nyl
carbonate; trinethylsilylnmethyl vinyl carbonate and "V[err]Derr]"

represented by the fol#o

A further preferred class

s

g dvrdhul a (V):
of S|I|cone cont ai

[err]

I th
%&&q peRBnde radicaly Fo0

Wty

monomers havi ng the foFpdbRRde SthirRASCT

E(*D*A"D*Q a*D* A r

wherein D dgr:o%udga a %/*ét\jélkrad'l‘%an,y an (H’k %&%%a fgmﬂﬁam caI
a cycl oal kyl diradical, an aryl £&éﬁ5§é}ﬂs§¥]cﬂy3ﬂaﬁﬂ&hgry| dhradlcal haV|ng

6 to 30 carbon atons;’

~{CHy)ps+ Si[OS1(CHz)p/CH3]a ¢

g1l
i
~{CH3) fi R1®;  ana
R11 )
311] 311
4 t
~(CHp) o ?i 5 i—=—R%1
i
Rll g g1l
wherein:
R0 denctes
(o]
]

~{CTH3) p:-O—C-CH-C!iz

wherein p/ is 1 to §;

R3! denctes an alkyl radical or a fluorcalkyl

radical with 1 to 6 carben atoms;

e is 1 to 200;

n}

m'

is 1, 2, 3 or 4;

is 0, 2, 2, 3, 4 ox

and

The silicone-containing vinyl carbonate or vinyl

carbapate monemers specifically inclhde: 1,3~bis[4~

vinyloxycarbonyloxy)put=l~yl jtetramethyl~disiloxane; 3=

(trimethylsilyl)propyl vinyl ecarbonate; 3~

(vinyloxycarbéhylthio)prapyl-

‘This Sheet Has Been Rei
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G denotes an al kyl diradical, a cycloal kyl diradical, an al kyl cycl oal kyl
diradical, an aryl diradical or an al kyl acyppdiradi cal having 1 to 40
21+ carbon atons and which may contain ether, thio or amne |inkages in

t he mai n chai n; * denotes a urethane or ureido |inkage; a is'at
| east 1; A" denotes. a divalent polyneric radical of formula (MI1):

[err] .mhgﬁﬁiﬁftf{ﬁﬁﬁﬂyrﬁﬂdoﬁ&?sﬁiaﬁégﬁpsndentIy denote an al kyl
or fluoro-substituted al kyl group having 1 to 10 carbon atons which nmay

contain ether |inkptets fetimathyiailoxy)aibyt) propyl vinyindarkmimatansty-l;
and p provides a noiety meighg of 400 to 10, 000; E and E
i ndependent |y denof&¥#s erinashyisilexyhrnsdyll peepyl piX) reankanate; 3-

{gf:fsented by fOrPgéfkféggﬁethylsiloxy)silyl]prapy;Fﬁfﬁ;i carbanate; t-
butyldimethylsilexyethyl vinyl carbenate;
trimethylsilylethyl wvinyl carbonate:
trimethylsilylmethyl vinyl carbonate; and "VDys",

represented by the follo&iug formula (V):

v.
cH3 "fﬁa CH3
cazzcn-or':o- (CHz2) 4-7i-o——§i- 'i- (CK2) 4-o'c’:o-,ca-=cx2
o CH3z | CH3y a5 CHj o

A further preferred class af siliecone-containing
prepolymers are those monemers having the fellowing

schematic representations:

(V1) ) E(*D*A"D*G) g*D*A"D*E*; ez
(VII) E(*D*G*D*A" L kDRGH*DHE’ ;
wherein

D denotes an alkyl diradical, an alk?l cycloalkyl
diradical; a cycloalkyl diradical, an aryl diradical or
an alkylaryl diradical having 6 to 30 carbon atonms;

.G denotes an alkyl diradical, a cfcloalkyl
,diradibal. an alkyl c¢ycloalkyl diradical,'an aryl

diradical or an a;kylaryl diradical having i to 40

. This Shgsét Has Been Replaced
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(1X) Rlerr]CH=C- (CH err])w(X)[err]-(Z)[err]-(Ar)y-Rerr]- bl
wherein: R err] denotes a divalent alkylene radical - having 1 to 10 carbon

at ons; Rlerr]- denotes H or CH errg;22 =~ Rlerr] denotes H' a
(Cerr]-derr]) alkyl radical or a -COY-Rerr] group wherein Y is -0-,

-S- or -NH and Rerr] is a alkyl radical having 1 to 12 carbon atons;

- 22 - Xis -CO or -0CO; Zis -0 or -NH;

Ar denotes an aronﬁFFBODaGFQEF haéunglehtmaxunontmumonthennsthio or aminew
is O to 6; y is 0 or 2; and z
is 0 or 1. NbéénﬁFgPérFEdtﬁPé‘!hﬁ %h##%one contalnlng hydr ogel -

contact |enses nmade frop n ro Ltjons conprising a
ur et hane prepol yner, a pg bé?’ gav %&H&%aié"kﬁ? f east one

acrylic- containing NnDROFRr at2)¥aEY! 3 £0Nt ai ning nononer and a conpound
of the present invention as a cross |nk|ng agent. The urethane prepol yner

is a nethacryl at e-baseA" Aeapteyneradbaldiet GRIarikoradical 0f formula
(VIII):

. Rs
l
(VIII) -(CHa)y Si~—{(CHy)p"
ls,

wherein: R® and Rs independently denote an alkyl
or fluere=-substituted alkyl group having 1 to 10 carben
atoms which may eontain ether linkages between carbon
atonms;
m is at least 1; and
p provides a moiety weight of 400 to 10,000:
E anq E’ independently dencte a polymerizable
unsaturated organic radical represented by formula (IX):
g2
(IX) Rls-CH=é-(CHz}w—IXJx-(ZJz-(hr)y-R14—
wherein: _Ri‘ denctes a divalent alkylene radical
having 1 to 10 carbon atems; |
| Rlz'denotes H oi CHy;
R13 denotes H, a (C;-C5) alkyl radical or a
~cO-Y-R15 gtoup wherein ¥ is =Qu, =S= or -NH~ and R15 is

a alkyl radical having 1 to 12 carbon atoms:

[
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23 . ferr] wher ei n: R16 is a diradical of

a diisocyanate after renpval of the isocyapaig group, and is nost
preferably the diradical of isophorone diisocyanate, and m p and a are-*
the sane as previously defined. Preferably, the sumof mand a is 3 or 4,
and nore preferably, ais 1 and mis 3 or 4. Preferably, pis at |east 30.

Mononer systens for hydrogel o q@segogfbﬁn,ﬁg@Loy a hydrophilic
nmonool efi ni ¢ nonomer (i.e., a nonoethylenically unsaturated nononer) and a
pol yol efinic (usually diolefignijg) -gRnerecNfie;g., a
Ar denctes an aromatic radical having 6 to 30
carbon atoma;
w is 0 to 6}
% is 0 or 1;
Yy is 0 er 1; and
2 is 0 or 1.
Most preferred are the silicone-containing hydrogel
contact lenses made from polyurethane hydrogel
cempositions comprising a urethans prepolymer, a
pelysiloxanylalkyl methacrylate, at least one acrylic-
containing menemer, a vinyl-containing monomer, and the
eresslinker of the preseﬁt.invention. The urethﬁne

prepolymer is a methacrylate-based prepolymer of the

general formula (X):

_\
. - This Sheet H. B-éenR’
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By Uy
pol yet hyl eni cal | y unsaturated conpound which functions

24 -as a crosslinking agent) in an anount sufficient to insolubilize the
resul ti ng hydrophilic hydrogel but i nsuf fTcf®nt to conpl etely mask the
hydr ophobi ¢ properties of the hydrogel. M xtures of hydrophilic
nonool efi ni ¢ nononmers are al so used to adjust various properties of the

polynmeric material, as is well known in the art. Il lTustrative
hydr ophi | i ¢ nononers i ude for exanple wat er sol ubl e nonoest ers of
(meth)acrylic aCIjﬁ6¥4 h an al goh Vg Ng an esterlflab&F hydﬁoxyl gr oup
and at | east one tlonal hy r oXyl up such as the no- @nd

pol y-al kyl ene egcoI' e | 16

gl ycol nono(neth)acrylate tﬁglgne ycd#dﬂinn1 qﬁ?;?rylgEEYEQEFE
propyl ene gl ycol nnno(neth)acr | ot e, dlorOperne gl ycolo 0

mono(net h)acryl ate, and the |like; the N-alkyl and N N-dial ky ubdt | d
(neth)acryl ami des such as N-methyl (meth)acrylam de, N, N-di neCHy+5i=CHy
(meth)acryl am de, and the like; N—V|nylpyrroI|done and the al kyl 1|

substituted N-vinylX )pyrrolldones N-vi nyl - al kyl ani des such as®
N-vi.nyl - N-met hyl acetam de, N : P
cng-s!i-cu,-, '
. {(CHa)n |
CH»y a
4
HaCel H }1 H 1;1
| | |
¢oocnzcnzocn-al5-Ncoc1i2cnzowgcazocu-—k15-1«:0-—-

u i u it
4] o 0

wherein:
16 is a dirédical of a diisocyanate after removal
of the isocyanate group, and is most preferably the
diradical of isophorone diisocyanate, and m, p and a are
the same as previously defined.  Preferably, the sum of
mand a is 3 or 4, and more preferably, & iz 1 apnd » is

3 or 4. Preferably, p is &t least 30.

Monomer systems for hydrogel lenzgs often employ a
hydrophilic ncnonlefinic pononer (i.e., a
monoethylenically unsaturated monomer) and a
polyolefinie (usually dialefinﬁc) noncner 1&.9,, a

polyethylenically unsaturated compound which functions

|
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vinyl - N-net hyl -form de, N-vinyl acetam de, Nvinyl formam de; glycidyl
(meth)acrylates; the unsaturated amnes; th éal_koxy et hyl acryl ates;
fumarates, mxtures thereof; and others kno to the art.

- 25- "~ Contenpl ated preferred acrylic-containing nononers identifi'ed
in Formula | as "Aa ", and which in part conprise the novel conpounds

f th t ti include th th | at es, h
Scrylan des. al kyl At WFossLinkiss. SoepEl | A el pukFikient to

ol ysi | oxyal kyl swlsgte ' h ' ,

P ubroal Kyt (et hy SNSRI 2krEne PECUELIAOIEoHITIC hRasbpBI B
preferred nONOMer S fifG cAuiedb8X 6Py FELY 3R A hgklyephebic

met hacryl ate, hydroxyet hyl nmethacryl am de, 2- nethacryl am do et hanol,

N, N-di met hyl acryl poaesrtNas ofdthet hydrogehy| atnstiurwsdef hypdrophilici c
acid and derivatives thereof. The acrylic-contajning nononers may further
be a prepol ymer endenfgsiefifiichnoppRens 2Fe | akan used to adjust various

(et h) acryl am de-cont ai ni,ng nmonongr s with the preferred prepo rs _being
pol ysi | oxane-, polgﬁﬁwté%@ h&pe PRlymeFin I"tﬁﬁ%’ﬁéﬁéd‘@t gﬁrgﬁgx?%’aﬁg
nmononers and derivagﬂ\ﬁ‘setatﬁreof, all of which may be. |inked through
ester, carbonate, carbanaté€, ‘urea or '

-

Illustrative hydrephilic monomers include, for
example, water soluble monoesters of (meth)acrylic acid
with an alechol having an esterifiable hydroxyl group
and at least one additional hydroxyl group such as the
mono- and poly-alkylene glycol monoesters of
{meth)acrylic acid, e.g., ethylene glycol
mono(meth)acrylate, diethylene glyecel
none(meth)acrylate, propylene_glyqol none(meth)acrylate,
dipropylene glycol nnno(nefh)aérylate, and the like; the
K-alkyl and N,R-dialkyl substituted (meth)acrylamides
such as N-methyl (meth)aerylamide, N,N-dimethyl
(meth)acrylamide, and the like: Nevinylpyrrolidone and
the alkyl substituted N-vinyl pyrrolidone;: N-vinyl-N-
alkyl amjdes such as N~vinyl=-N-methyl acetamide, N=
vinyl=N-methyl-formide, R-vinyl acetamide, N-vinyl
formamide; glyeidyl (meth)acrylates; the unsaturated
amines; theé alkoxy ethyl acrylates; fumarates, nixture;

theresf; and others known to the art.
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uret hane |inkages. The pol ysiloxane units in polysil oxane-containing
prepol yners may further. contain fluoroal ky 25 |=uoroet her, al kyl ether or

al cohol groups and derivatives thereof. The contenpl ated preferted
vinyl -contai ning nononers present in the novel conpounds and identified
- 26 - in Formula | as "W", i ncl ude vinyl carbonate, alkyl vinyl

carbonate, polysiloxane cénB¥kptatf@npteferiéd aicayliiyi-contalining oomdmers

pol ysi | oxanyl al kyl - vi nyl cargonate, fl uoroal kyl vinyl carbonate nononers,
and the correspondidemtdfiedmineFersuliach anrtiet’y eadhwhichi iyl Patk ea,

al kyl ,vinyl urea, polysiloxanylalkyl vinyl urea and fluoroalkyl_vinyl urea
mononers. The nor e getgmdseefhey nayel coreas himping AORPRELEAEP BE & '

N-vi nyl lid . N iyl , N-pet hyl g, de, ' hyl

For i do. N i myRESReEn APEERE R0 noDET S hr e Wy el Y

di met hyl - 2- oxazol i ng- 5 nd ' ' of . In

ahditign, thg sin;[ﬁéégkﬂggh'xgyg§ﬁ§ﬁe?iﬁg§¥@%t%fgﬁﬁi£§§F§ﬁer selected from

vi nyl carbonate-, \gfnqudg%hggegygamiaag,Vbﬁ?*si!diydltynqdeﬂhPﬂofynﬁtesand.
0 - or

may further conprise “pol ysiloxanes, fluoroalkyl
polysiloxyalRyl (meth)acrylamides,
fluorsalkyl (methjacrylates,
flunroalkyl (meth)scrylamides, with the more preferred
monomers being 2-hydroxyethylimethacryiate, glycereol
methacrylate, hydroxyethyl methacrylamide, 2~
methacrylamide ethanel, N,N-dimethyl acrylamide, N,N=-
dimethyl methylacrylamide, (meth)acrylic acid and
derivatives thereof. Th; acrylie-containing monomers
may .further be a prepolymer end-capped with
(meth)acrylate~ or (meth)acrylamide-cqntaining MONCHETS,
with the preferred prepolymers being polysiloxane-,
polyaikylene ether-, or polyfluorinated ether-containing
monomers and darivatives thereof, all of which may be
linked through ester, carbonate, carbamate, urea or
urethane linkaées. The pelysiloxane units in
pnlfsiloxane—containing prepolymers may further contain
fluorvalkyl, fluoroether, alkyl ethgr or alcohel groups

and derivatives thereof.

The contemplated preferred vinyl-containing

monomers present in the novel crosslinker and jdentified
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.. ) CARUNIN
fl uor-oet her-contai ni ng nononers, and nore preferably may i nclude a

pol yal kyl ene ether or polyfluorinated ether all of which may be |inked

t hrough ester, carbonate, carbanmate, urea or2&rethane |inkages. The
preferred pol ysil oxane-containing vinyl prepolynmers may include an al Kyl
et her or an-al cohol. The contenpl ated preferred styrene-containi ng
nononmers which nay be present in the novel conpounds and identified in
Formula | as"SS", iunﬂﬂmtauAavEnprhUgyt u$myinc1ude, vinyl carbonate,

27 car bonat e, nyl phenyl vi nyl carbanmate,_ or 4- gé phenyIV|nyI urea
and derivatives thé#  Vinlske °B§tF®rﬂﬁ¥¥§41Q*ﬁ?th ¥l ERpd

aroup. o el ilova CpRrkRRR LRV %ﬂﬁkegﬂ%'%‘@

met hacr yl oxyet hyl \dyforaald bo%hgroﬁwi%i{)ﬁﬁer r:ﬁ;yna\('.' ”?ﬁbﬁﬁg P@”Bi:?d aHy

met hacryl oxyet hyl vinyl ured nove

conposi tions of thidordreeptinddhgC 2RRPbaERLE NEnd QXAda W&&dssﬁaﬁb&ﬂeﬁkwﬂ h
at | east one nethacryl at e-cont ai ni ng pol yur et hane-si | oxane- contai ni ng

mononer, and at | eastedgn@liydt Wiaylyhzee, opolysetdgaowliadkirdevinyl atrsang
mononer and N-vi nyl ‘%rrolldone The pol yur et hane- si | gxane- cont ai ni ng

nononers nay furt h@n danersaikydovdaykyrres | peporanser 3he more preferred
al cohol - contalnlng 0N S are

Ih f d I
e O T Sa TR p S 8PheS IELRES B Spyfr e A, -
pon5|onanyIaIky! A-Ye? E?ﬂaggei%§§§§2J¥?*1§??;ﬁ35%§§?565° iﬁh%f N=

(nmeth)acrylamde is 'di met acry preferre

The nost preferred ﬂtﬂy&y aR@itusiibex aryi iApl hesrvimic | anaehbaghyl ok yps opyl
tris(trinmethylsiloxy)- silane,
dimethyl-z-oxa_zoline-s-ane {VDMO) and derivatives

thereof.

In addition, the vinyi-containing monomer may be a
prepolymey selected from vinyl carbonate-, vinyl
carbamate-, and vinyl urea-capped prepolymers and may
further comprise polysiloxanes, fluoroalkyl- or
fluoroether-containing monomers, and more preferably may
include a2 polyalkylene ether or polyfluorinated ether
21l of which may be linked through ester, carbonate,
carbanate, urea or urethane linkages. The preferred
polysiloxane-containing vinyl prepolymers may include an

alkyl ether or an alechol.

The contemplated praferred styrene-containing
nonemers present in the novel crosslinker and identified
in Formula I As"Sg", may include 4-vinylphenyl vinyl
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- 28 - (TRIS). One preferred hydrogel conposition further includes ‘Gl
2-vinyl -4, 4-di net hyl - 2- oxazol i n-5-one (VDMVM]. 7 - Yet anot her preferred
novel hydrogel conposition of this invention enabled by the novel )
conpounds of the present invention conprises at |east one (neth)acryl ate-

or (neth)acryl am de-capped pol ysi | oxane-cont ai ni ng nononer, a

vi nyl - cont ai ni ng nONQREr I C & | se f,_carbonate,
car bamat e and urea-%g}%&a\rgéﬁgu'gghgﬁﬁégggﬁéég%ﬁwén%n%nér‘s, or a

car boxylic aci d- MCTRaTa RNV 0 ' i R Bleh Ol B ,
urea, and the cros?ﬁ%ﬂxﬁgyﬁo |t|ﬁ?)'%.Q ﬂﬁ&ede?‘.’i%nﬁ’éefe”ed igl a?gghgf

si | i cone- cont ai ni nghd"@ieER14nkARGe RgRAt cllaPYediFr (e 2 RN dfoanar e

ur et hane-cont ai ni ng prepol yners, and ethylenically term nated polysiloxane
cont ai ni ng nononer acryldie-ags A stysengref andbh ywinyi4gontadning group.

(met hacryl oxybutyl) polys iloxane (Merr]Derr]).. Anot her
preferred hydrogel conprising the novel " conpounds further

oryer T oxane, oot (T 3Rt BrERRRE GO ABLIRY WUk e
- methacrylexyethyl vinyl carbonate, methacryloxyethyl

vinyl carbamate, and methacrylexyethyl vinyl urea,

Preferred movel hydrogel compositions incorporating
the novel cresslinker inelude crosslinkers ©f the
present invention, combined with at least one
methacrylate-containing polyurethane-siloxane~containing
menener, and at least one (meth)acrylate or
(meth)acrylanmide-containing monomer and N-vinyl
pyrrolidone. The polyurethane-siloxane-containing
monomers may furthey comprisé fluoroalkyl, fluoerocether
or alcohol=~containing monomers. The preferred
(meth)acrylates are alkyl methacrylate, 2~hydroxyethyl
methacrylate, glycol methacrylate, polys;loxanylalkyl
methacrylate and fiuercalkyl methacrylaté, with
{meth) acrylamide is N,N-dimethyl acrylaride bheing the

most preferred.

The most preferred bulky pelysiloxanyl methacrylate
ic methacryloxypropyl tris(trimethylsiloxy)silane, -
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a (meth)acrylate- or (nmeth)acryl am de-containing nononer and N-vinyl
pyrrolidone (NVP). - 28 - - 29 - Furt her
it is envisioned that the new conmpounds of this invention will react with
all known nononers wuseful in the field of contact |enses, such as, for
exanpl e HEMA systens, fluoroal kyl containing conpositions, silicone- and

non-sil i cone-cont af'MIE) . COHP PridferTreduhgibogel contpdsd tigere dyradielri ons and
si | cone-cont ai ni ng conpositions. . The folyners of this invention can
be formed into coinmalvdes sesinnl-dpindivethylp? ovxazekindinone VitHdde
disclosed in U S. Pat. Nos. 3,408, 429 and 3, 496, 254), cast nol ding
processes (U. S. Pat Nos. 4,084,459 and 4, 197,266), conbinations of nethods

bolyner | zati on’ may. be ARG e), Prereried SRyeh Aiteas] ¥hposition onary
mi d corr espondi nget0uRedlts) ik rEHRNAELokEDENRERNSE e ditfierY D

further subjected to nmechdni shing, as occasi on denands.

Pol yneri zati on mayigbestisn casuhigiead at dABaspPene’ (Méth)snhyl ate~easel to
formbuttons, plates or rods, which my then be processed (e.g., cut or

pol i shed vi a | at he{meth)aerylanideyicappedcphlyeildzanereantaini ng sonoger ,

shape. - a viny1+containing monomer which may preferably be
comprised of carbonate, carbamate and urea-containing
polysiloxyanyalkylvinyl monomers, or a carboxylic acid-
containing vinyl carbonate, vinyl ecarbkamate oy vinyl

urea, and the crosslinking compesitien.

Twe preferred classes of silicone~containing
monomers contemplated ﬁy the present invention are
urethane-containing prepolymers, and ethyleniecally
terninated polysiloxane containing monomers, such as,

most preferably &,.abis(methacrylexybutyl)polysilexane

{MaDasg) .

Another preferred hydrogel comprising the novel
crosslinker compogition further includes at lesst a
(meth)acrylate-capped f;uoroether-madified pelysiloxane,
a (neth)aér?late— or (wmeth)acrylamide-containing monomer

and K-vinyl pyrrolidone (NVP).
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The hydrogel s of the present invention are dkygéhmutransporting,

hydrol ytically stable, bi ol ogically inert, ggd transparent. The nononers
and prepolynmers enployed in accordance wiTh

his invention, are readily

30 polynerized to formthree dinensional networks which pernit t he
transport of oxygen and are optically clear, strong and hydrophilic.
The rel ative softness or dneﬁﬁvof t he,cont a

the resulting polyner

i ncreasing the
capped with the ac

f ab
351 Fsﬁleyanﬁits%ﬁ# e%w%e?&%ﬁ nyeet

%e%{gi %\gﬁ}ggﬁ%‘f@t gggrgg%)&cﬁ)lr n'\E/‘]’aira;l ng the ;?gé%ent of

the cComonomer. Cengéasdyy irtteietal be QBnEQEt’Sléx?éé’é‘e si¥H ad,0 3d- cap
the softness of the material increases. Any known

si I'il cone- cont ai Ni ReghcaMipae BEVRy sy&yehe, fiadroflkye qomoelyslmf this

invention to formthe silicone hydrogels of this invention, as wll be
apparent to one skédupssitianss &i1icthe~nandnoos-sitisbna-wartaininger nix -
to create the nononeric mxture na be mononers or prepol yners.

uni ts increases,

coppositions, urethane-containing compcs;tiens and

silcone~containing compositions.

| The polymers of this invention can be formed inte
econtact lenses by spincasting processes (such as those
disclesed in U.5. Pat. Nes. 3,408,429 and 3,496,254),
east molding processes (U.S. Pat Nos. 4,084,459 and
4,197,266), combiﬁations of metheds thereof, or any
other known methed for makigg contact lenses.
Polymerization may be conducted either in a spinning
mold, or a stationary mold corresponding to a desired
contact lens ghape. The lens may be further subjected.
to mechanical f£inishing, as occasion depmands.
Polymerization way also be conducted in an appropriate
mold or vessel to form buttons, plates or reds, which

nay then be processed (e.g., cut or polished via lathe

or laser) to give a contact lens having a desired shape. .

‘e hydrogels of iha'present inveﬁtion Are oxygen
transporting, hydrelytieally stable, biologically inert,
and transparent. The moncmers and prepolymers employed

in accordance thh this invantion, are readily

i ‘This Sheet Has Been Replaced
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A "prepolynmer” is a reaction internmedi ate polynmer of nedi um nol ecul ar LUy,
wei ght havi ng pol yneri zabl e groups. «~Thgs~it is understood that the terns
"silicone- containing nononers” and "hydrophilic nmononers" include -
prepol ymers. Exanpl es of such nononers may be found in United States
Pat ent Nos. 4,136, 250; 4, 153, 641; 4,740,533; 5,034,461; and 5, 070, 215.

-31 - pol r Ybid) 9540 FR YRR AIERE | 6nEY HENSONs Wil et eci se
mechani sm f or e crosslinking reaction of the new conpounds wth the ;

desired acrypezm;tvtmgitranspbmﬁunf coygiencand saxe oupt Gokly mlegrononeri c
units is not conpletely understood However, the resulting end- product -
pol ymer syst EhEORE R thedpephikiayy curing. capabilities as conpared wth
all known hydrogels to date. Therefore, the application
contenplates all, resulting polyneric systens nmade through reaction of

desi red nononers %éi}éf&:&oé/eé ftﬁ-ire &n*gg&r%nggsvﬁ-lﬁ él‘%;& processes

i nvolved in achieving sard enge T oSt appropriate

amount of thgefsasskibkeated dis &@hﬁﬁﬂﬁﬂirﬁ LiRseY (e wiaw 1 ed
properties of the resulting hydrogel, such as"rigidity. Generally, the
invention can be varied by deceasing er increasing the
molecular weight of the polysiloxane prepclymer end-
capped with the activated unsaturated group or by
varying the percent of the comonomer. Generally, as the
ratio of pelysiloxane units to end-cap units. increases,

‘the softness of the material increases.

Any known silicone-zontaining prepolymer may be
used in the process of this invention to form the
silicone hydregels of this invention, as will be
apparent to onelskilled in'the art. The menomers added
to the menomer mix.to create the ponomeric mixture may

be monomers or prepolymers.

A “prepolymer" is a reaction intermediate polymer
of medium melecular weight “aving polymerizable groups.
Thus it is understood that the terns "silicone~
conéaininé monomers" and *hydrophilic monomers” inelude
prepolymers. Examples of such monomers may be found in
United States Patent Noa. 4,136,250; 4,153,641
4,740,533; 5,034,461; and 5,070,215.
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concentration of the crosslinker does not exceed 20% by weight of the
total, nononeric mx, preferably ranges from gout 0.001%to about 10%
nost preferably ranges from about 0.01%to about 5% and in each instance
shoul d be enough to inpart desired properties upon the resulting hydroge.
Typically, an anount of ecrosslinking agent is added which enables the
resulting polymeri Y S F I a t wR%
to about 90% by wei gﬂﬂ € Ogﬁera%&b'f %r% \%’tg&t pkaf&pg?iﬁ%ﬁ A48t 384! e3
32 10% t o about BQﬂ&uenﬂsapst preferably from about 20%to about 75%
Preferred contact |enses formed using the novel conmpounds of the present
I nvention as crosslinking agents are oxygen perneabl e, hydrolytically
stable, biologically inert, transparent, and can be "hard” or "soft™ within
the limts of these ternBraferred fpntacdodensesheorpriging the novel One
preferred non-silicgne- cg ﬁﬁln'n cont.acgt | ens COﬂBOSItIOﬂ conprlses at

1 a

| east one methacryl &te-s R CFQP Eegrnt
nmet hacryl ate, a vi ng*%ﬁ ﬂ%f@“%o@&% Qﬁ&.%iee,p%gi (ilolqu_legnd a

conmpound of the prese ention ds

Pol ymeri zation of tbﬁempmnﬁwéﬂﬁas a@ﬁﬁ&hhsgoag-haﬁatcm%widtmﬁ

I nvention as the crosslinker may be perforned in the presence of a diluent.
The pol yneri zati on thedlirivs |¢f tmsddermst bs fsrundérstamal in theheield.
di l uent is nonaqueous, the diluent nust be renoved fromthe gel and
replaced with water through the use of extraction and hydration protocols

well known to those skil]Jed in s, al so possible to
perform the pol ymer.izat i ‘O iW?#ﬁrﬁ&?@é'saFlHPFﬁeﬁ?né# 56’5‘[%& Eeng

composition comprises at least one methacrylate such as

'z-hydroxymethacrylate or & methyl methacrylate, a vinyle
containing menomer such as Ne-vinyl pyrrolidone and the

erosslinking agent of the present invention.

' Polymerization of the monomer mixtures comprising
the crosslinker of this invention may be performed in
the presence of a diluent. The pelymerizatien preduct
will then be in the form of a gel. If the diluent is
nonagqueous, the diluent must be removed from the gel and
replaced with water through the use of extraction and
hydration protocols well known te those skilled in the
art.-

It is alsc possible to perform the polymerization.

in the absence of diluent to produce a xeroéel. These

- This Sheet 4.
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xerogel .  These - 33 - xerogels my @ “'*

then be hydrated to formthe hydrogels as Is well known in the art.
Not ati ons such as "(meth) acrylate" or I(g@th)acrylan de" are used
herein to denote optional met hyl substitution. Thus, the term nethyl
(rmeth)acryl ate includes both nethyl acrylate and nethyl met hacryl at e.
SSmlarly, the term N al kyl (met h)acryl am de i ncludes both N al kyl

acryl am de and N ezelg&xlspnins héﬁéﬂ'ﬁ@‘ﬁfdrated ro fEi& 4o yd%BQEQQ asticle

for use in bioned cal | Cat1 ons” bi omedi cal devices™ nean the

materi al s d|scloggdubenekﬁohﬁvgnpeualsgehen1cal properties rendering them
suitable for prolonged contact wwth |iving tissue, blood and the nucous
menbranes. These properties are required for bionedical shaped articles

as already disclosed. It is_known that blood, for _exa is readily and
rapi dy damaged when |F°EBH§§“5|ﬁ?ﬁhcbﬁtﬁé¥3¥ﬁlﬁF¥¥¥q surfaces. The

fo blood i o necosedryepiporTiieldetcers ot %‘%@m%%@ﬁ%ﬁ@%@gﬁﬁ e
Therefore, the poletRys FBHSLILAEISAPC! ¥HEL! Z8id Ybrn methyl
(meth)acrylate includes both methyl acrylate and methyl |
methacrylate., Similarly, the term N-alkyl
(meth)acrylamide includes both N-alkyl acrylamide and N-
alkyl methacrylamide.

The terms "shaped article for use in biomedical
applications™ or "biemedical devices" mean the materials
discleses herein have physicochenical properties
renderin- them suiteble for prolonged contact with
living tissue, blood and the mucous menbranes. These
properties are reqﬁired fa? biomedical shaped articles
as already disclosed. It is known that bloed, for
example, is readily and repidly damaged when it comes
into contact with artificial surfaces. The design of a
synthetic surface which ie antithrombogenic and
nonhemclytic to bleod is necessary for prostheses and
devices used with hlood.

‘Therefore, the polymers made from copolymerization
with the crosslinkers of the present invention can be

used to modify cellagen to make blood vesels, urinary
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with the conpounds of the invention used as crosslinkers can be wused to =
nodi fy coll agen to make bl ood vesels, urinary

- 34 - bl adder s 'surgi cal di agnostic dedfcds and other such devices a3
disclosed in Klinent, U S. Pat. No. 3,563,935. Also polynmers can be’used:.
to make catheters as disclosed in Shephard U S. Pat. No. 3,566,874. These
pol ymers can be used as sem perneable sheets for dialysis, artificial
dentures and al Pla@idere reurgicalosiagpostiscReyipeh 200 HTHRer FUSh pyr  No.

3,607, 848. .Further,, tr A : Scl d herei
can be boiled aﬂ&?b?g%u?%@’aﬁfgce{’$% ﬁﬁﬁgﬁﬁgﬂﬁ%%;ﬁ% a%;gg?iemherg[:)gl " .
sterilization rg%gpg g5k1i everl o é@¥§?er%nc§5tgglﬁa%@rg@qbggénegﬂuéﬁ@r%plosed

polymers and c yhEeTS" may be."us€d 1 n surgery where an article

conpatibl e wi thalg '&Famééé&% Whefindrd RS SNUDRYS NOEND/BERBTRY MMeseed. .
The foll ow ng exanples serve to further illustrate the invention. Al

parts and percgoalymeet ecsnbé sl @sn sandperneanie geledls i foand al |
viscosities neasured at 25[err]C unl ess
dialysis, artificial dentures and all of such
disclosures as set forth in sStoy, U.5. Pat. No.

3,607,848,

Further, the polymers and copolymers digsclosed
herein can be builed and/or auteclaved in water without
being damaged whereby sterilization may be achieved.
Thus, an article formed_frnm the disclesed polypers and
copulymers may be used in surgery where an article
compatible with living tissue or with the mucous

mepbranes may be used.

The following examples serve only to further
illustrate aspects of the invention and sheuld not be
construed as limiting the invenﬁion. All parts and
percents rereQréd to herein are on ﬁ Height:hasis and
all vigcosities measured at 25 degrees C, unless

otherwise ‘specified.

AR
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ot herwi se specifi ed. - 35 -

Preparati on of Conpound (HEMAVc) Derived frontReactlon of Hydroxyet hyl

nmet hacryl ate and vi nyl chl or of or nat e. 3500 M round bottom flask -
equi pped with reflux condenser, mechanical stirrer, thernoneter, a
dropping funnel and an efficient N[err] bl anket, was charged with 32.5 g
of 2-hydroxyet hyl nethacryl ate, of Egrldlne and 300 m of

chl oroform The contents were then cooI LPeds than 5 degrees C with
25.3[err]g of vinyl | while the

Pz D HEMY : am
contents were kept__; : IR o " =T ow 5 degrees
C. The tenper at ur *mmmzn -S'ﬂ?»'uﬂ-ﬂl.“!

ctioh
B ond g at ure and kept
stirred overnight™ “vi}fj’ M Xt ure was then passed through a silica

gel’ colum and the contents was then dried with magnesium sulfate and
filtered. The solvent was renoved under reduced pressure (b.p. 74 Cat 1
nmtorr) to give 26 gafsotamidrpunadupbttois TR % Quippged With weddtxum
confirmed the expected structure of the named product.

EXAMPLE 2 condenser, mechanical stirrer, thermometer, a dropping

«
.

funnel and an efficient Ny Blanket, was chargsd with
32.5 g of 2~-hydroxyethyl methacrylate, 21.8 g of
pyridine and 300 ml of chloreform. The contents were
then cooled to less than § degrees C with 25.3.g of
vinyl chloroformate added via the dropping funnel while
ﬁhe contents were Xept stirred and the temperature
maintained below 5 degrees C. The temperature was
allowad to rise to ambjant temperature and kept stirred
overnight. The reaction mixture.was then passed through
a silica gel column and the contents was then dried with
magnesium sulfate and filtered. The solvent was removed
under reduced pressure (b.p. 74 € at 1 mm torx) to give
26 g of named product. GC $9.2% purity. RMR spectrum

confirmed the expected structure of the named product.

BIAMPLE 2

& atio 4=vi he v ca te

A S0D ml round bottom flask eguipped with & reflux
condenser, & mechanical sti:rer . & thermometer, a

dropping funnel and an efficient N, blanket, is' charged

-
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Preparation of 4-vinvlphenyl vinyl carbonate A 500 M round bottom
fl ask, equi pped with a reflux condenser, a wegBawical stirrer , a
thermoneter, a dropping funnel and an efficient N2 blanket, is charged -
36 with 30.0 g (0.25 nole) of 4-vinylphenol, 21.8 g of pyridine and 300
m of chloroform The contents are then cooled down to 5 degrees C, and

25,3 g of vinyl chkarefgpnate [6.Bs5ldpdddr WS inkaphéRoll] appiagy famnel
with constant stirring and the tenperature maintained at 5 degrees or

bel ow. The tenper at m;ﬂsnbhendammvﬂd df chliesefbrmanbThat cotpermiare and

the m xture stirred overnlg The reaction mxture is then passed t.hrough
a silica gel col umm then gepdadfewn ke sagress| Patéﬂﬁn%ls Jigtek é‘b‘“)’ﬂfter

EXAVPLE 3 Pr opar at FOHoBPERERREE oF Gfach EORRASR ifnEna ropbing Fie
round bottom flask gaukppg m@ BBl a0 RS2 8hpo PaLRED I e S raea,

a thernoneter, a dropping Funnel crent err
charged wth 32.5 g Qﬁg%iegobﬁ)bﬂovHEM%hez%e&pﬁrﬂi:u?!riél|ﬂ%n mldﬂhd)fto

hydr oqui none and 300 mi of chloroform The
rise to ambient tonperature and the mixture stirred
overnight. The reaction mixture is then passed through
a silica gel eclumn and dried over magnesium sulfate and
filtered. After the solvent is removed under pressure,

the named product is recovered.

EXAMPLEY 3
x ation of methacryls 1 vi carbamate

A 500 ml round bottom flask eguipped with a reflux
condenser, a mecﬁanical stirrer, a thermometer, a
dropping funnel and an efficienmt N, blanket, is charged
with 32.5 g (0.25 nole) of HEMA, 21.8 g of pyridine, 50 .
mg of hydrotuinone and 300 ml of chloroform. The
contente are cooled down to 5 degrees or belew. Vinyl
isocyanate (13.3 g or 0.25 mele) in chlorsform {30 ml)
is added dropwise while the reaction contents were
etirred and maintairied kelow 5§ degrees . The reaction
mixture is stirred for an additional 5 hours. The
contents are then passed threugh a silica gel ceolumn,

dried over magnesium sulfate and condenbed. The residue
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contents are cooled down to 5 degrees or below. Vinyl isocyanate (13.3 g *"*
or 0.25 nole) in chloroform (30 mM) is addsg dropwi se while the reaction
contents were stirred and maintai ned bel O\ degrees C. The reaction *
m xture is stirred for an additional 5 hours. The contents are then
passed through a silica gel colum, dried over nagnesiun1su|fate and
condensed. The residue

distilled under ri8Retthlind prden TaquRrs PERSSHEREP fﬁ?ﬁﬁﬁf the named
EXAMPLE 4 Prepagﬁ# 8 ﬁf 4-vi nyl phenyl vinyl carbamate The naned is
prepared by foll The procedure as described in Exanple 3, except

2- hydr oxyet hyl nethacrylate I's replaced by 4-vinyl phenol (30 g or 0.35
nol e) . - EXAMPLE 5 Preparation of :

met hacryl oxyet hyl vinyl carbanate BXAMPLE o round bottom fl ask

equi pped with a reflux condenser a nechanlcal stlrrer a thernoneter, a
dr oppi ng funnel 3 2 12N F\ BERRRREE with 30.5 ¢

0. le) 2- th |,1oo 43.6 d
goo nrnof) am noe qTﬁE named is preﬁéﬁé%qgknggflowxng & f)ce e o3

described in Example 3, except 2-hydroxyethyl

methacrylate is replaced by é4-vinylphenol (30 g or 0.35
mole).

EXAMFLE 5

aration of meth le e- vinyl ba

Al liter round hatibm flask equipped with & reflux
condenser, a mechanical stirrer,.a thermoneter, a
dropbing funnel and an efficient Ny blanket, is charged
with 30.5 g (0.5 mole) 2-amincethanol, 100mg of
Rydroguinone, 43.6 g of pyridine and 600 ml of
ehlorcform. The contents are cooled down to between 0
aﬁé 5 degrees C. Through the dropping funnel, &§0.€6 g
(0.5 mole) of vinyl chlorofermate in 100 ml of
chloroforr is added into the reaction flask at a rate
such that the temperature ig maintainad at between 0 and
5 degrees C. The temperature is alibwed to rise to roonm
temperAture with eonstant stirring uverniéht. The
contents are then passed through a sil;ca gel column,

dried with magnesium sulfate and then evaporated. The

i
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chl oroform The contents are cooled down to between 0 and 5 degrees C
Through the dropping funnel, 50.6 g (0.5 nole) of vinyl chloroformate in
100 mM of <chloroformis added into the reacBigom flask at a rate such that
the tenperature is maintained at between 0 and 5 degrees C. The
tenperature is allowed to rise to room tenperature with constant stirring
overnight. The <contents are then passed through a silica gel colum,

dried with nagnesiu&gsahéaig absit 1 e aursimar aeddcedhpressure to recover
38 residue is distilled under reduced pressure to recover 2-hydroxyethyl
vinyl carbamate. Zhbrauskyegthnb winyl capl aﬁﬁ@ﬁb leﬁ5ﬁiﬁnﬁ ﬁ?ﬂthPﬁxyethyl

vi nyl car bamat e 0.25 nol e 50 of_h ui no 8 ri,di ne,

andySOO m of chl (()FSPEJPHP%'F)e %l%ld'ér?jm‘i rﬁ% %v'ﬁ’é'%& Qﬁ?ﬂ jnd <4 &% 5fed to
between 0 and 5 degre r el &Su% l e
of nethacryl oyl gP ? déblg? ogg 4?%?%%%}%%9@ azdég nto heEﬁm )

reaction flask at anaaseoSﬁshoH@slémsﬁmeawaew $nyoinY emed bt veen 0
and 5 degrees C. The tenperature 1is then allowed to rise to room

tenperature and thd€lasknandtsosled ros ketwesrglor an®hs degrews €.ar Fhiriowgh

passed through a silica gel colum, dried with magnesium sulfate_and
evaporated. The fi BaRrppping: fwmnebefred (O 25 Bpie) % Bethaceylodduced

pressure. chloride in 50 ml of chleroform is added into the

reaction flask at a rate such that the temperature is
maintained between 0 and 5 degrees C. The temperature
is then allowed to rise to room temperature and the
contents stirred overnight. The contents are then
passed throuwgh a &ilica gel column, dried with magnesium
sulfate and evaporated. The final product is recovered

by distillatien under reduced pressure,

EXAMPLE &
epara of met oyl vi ea

A 500 ml 3-necked round béttom flask equipped with
a reflux condenser, a mechanical stirrer, a thermometer,
a dropping funnel and an efficient Ny blanket, is

- charged'with 2-anincethyl methacrylate hydrochloride

41.4 g (0.25 mole), Somg of hydroguihone and 300 m) of
chloroform. The contents mre cooled to between 0 and §
'degraes C. and étirred. Through a drbpping'funnel 25.3'g
{0.25 mole) of triethylamine and 13.3 g (0.25 mole) bt
vinyl isocyanate iﬁ 50 ml of chloroform are added into
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EXAMPLE 6 Preparation of nethacryl oyl vinyl urea A 500 m 3-necked T -

round bottom flask equipped with a reflux condenser, a mechanical stirrer,
a ther.noneter, a dropping funnel and an & fPclent N err] bl anket, is .
charged with 2-am noet hyl nethacrylate hydrochloride 41.4 g (0.25 nole),
50ng of hydrogui none and 300 ml of chloroform The contents are cooled to

between 0 and 5 degrees C. and stirred. Throygh a dr gein funnel 25.3 g
(0.25 nole) of trFQ#kE#QEﬁ#RPeiﬂfﬁﬁBF@dngprﬂlﬁﬁﬂeftog VngloiQB%y%nate in

50 Ml of chloroformare ded._.i nt,o

the reaction flas 1o nt %&eﬁpe‘&'&t\)ﬁgniﬁ &Moge.dd'légrgégeci_:o.m%om >
terperature is allguededffd SFidid 20 BankBMRS" BhikFolt bBnkRARERp! ent s
) a si gel colu

stirred constantl verni g passed roug | ca and dried

Wi th. magnesi um subd@RigHile rale ehr3i@n’ ReBi19¢argedt 88l Ui cana ediiayl
pressure to give the naned product . ' , EXAMPLE 7
Preparati on of 2-withassghesdulpeilfats.nylheacbatants are then naned
product is prepared by followi ng the same procedure as that described in
Exanpl e 1, exceptevaperated under reduced pressure to give the named :

product.

EXAMPLE 7
Preparation of pemethacrviamideoethvl vinvl carbenate
The named product is prepared by following the same
procedure as that described in Example 1, excépt that
32.2 g (0.25 mole) of 2-hydroxyethyl methacrylamide is
used in place of the 2-hydroxyethyl methacrylate.

!MPITE B
rat f 2= 'thac Am doethyl vin ba
The naned product is prepared by following the same
procedure as that described in Egample 3, except that
32.2 g (0.25 mole) of 2-hydroxyethyl methacrylamide is
used in place of the 2-hydroxyethyl methaérylate.

EXAMPLE 9
aration =meth thioe vi =)
A 500 ml round botton, 3-neck flask eguipped with a

reflux condenser, a mechanical stirrer,'a thermoreter, a

This Sheet Has Been Re’i
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32.2 g (0.25 nole) of 2-hydroxyethyl nethacryféﬁ{ae Is wused in place of oz

t he 2-hydroxyet hyl nethacryl ate. o EXAMPLE 8
Preparation of 2-nmethacryl am doethyl vinyl=c&fbanate The naned
product is prepared by following the sane procedure as that described in
Exanpl e 3, except that 32.2 g (0.25 nole) of 2-hydroxyethyl nethacrylam de
Is wused in place of the 2- hydroxyethyl nmet hacryl at e.

EXAMPLE 9 Prepar adsoppiig memrhhueﬂbyblwm. cis ehangsd with 2-500

m round bottom 3-neck flask equipped with i refl ux, condenser, a
mechani cal stirrer2PENPHERH FRiGL %352°°h1°r de (Aldrich, 28.4 ¢ or 0.26

40 dropping funne I K ch ed I noet hyl
t hi ol hydrochl ori O’L #%ﬁr?ﬁ‘#% 81"5 égg ﬁég' é% ’é?{'g% (ﬁﬂo%faﬁone 50 rrg)
pyridine (21.8 g) 300 po
degrees C. Through t ‘gﬂ%ppl ng Tht e-ﬁracr ch &%ﬁy( g%% g or

0.25 nole) in 50 ma@iemlm.r owﬁm taddeﬂlogﬁﬁg rﬁ:&uéucl‘idﬂﬁcﬂl%yl

tenperature is maintained at between 0 and degrees C. The contents are

t hen chloride (26.5 g or 0.25 mole) in 50 ml ¢f chloroferm is
added at a rate such that the tempe:ature is maintained
at between 0 and 5 degrees €, The contents are then
stirred overnight and passed through & silica gel
column. The mixture is then charged into a new clear
éimilarly equipped round bottom flask aleng with 50 mg
of hydroquinene. The contents are cooled. to between 0
and 5 degrees C. Through a drappiné funnel, vinyl
chlorofarmate, 25.3 g (0.25 mole), triethyiamine (0.25
mole) and 50 ml of chloroform are added inte the flask
at a rate such that the temperature is maintained
betveen 0 and 5 degrees €. The contents are then
alloved ¢o warn to room temperature and kept stigred
overnight, The reaction mixture is passed through a
silica gel column, dried with magnesium sulfate and
éondensed. The final preduct is recevered by distilling

the residue under reduced pressure.

PSS
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stirred overnight and.passed through a siligqa gel colum. The mixture is
then charged into a new clear simlarly equipped round bottom flask al ong
with 50 ng of hydroquinone. The contents are cooled to between O and 5
degrees C. Through a dropping funnel, vinyl chloroformate, 25.3 g (0.25
nole), triethylamne (0.25 nole) and 5Q PBE gl oroformare added into
the flask at a rate such that the tenperature 1s nmaintained between 0 and
5 degrees C. The contents are then allowed to marWIto roon1tenperature and

kept stirred ov at ik R : s lica
gel col um, drledggtnéummgneSIun15u|fate and condensed The flnal pr oduct
IS recovered by dlstllllng t he residue under reduced pressure.

41 he n@mzp@éinkpreearnﬁmreﬁ e iRl I e Wi/ col

net hacryl ate vinyl carbonate nangd cr ssllnker I S red b
(ol Low 2t he. prPESEHAG G A ASSTTIES ARLEXARPLS 12, cEEpRE ﬁm@a&zey |
0. 25 I fd I I in .

(0,28 ol') of dechetiy atte )l SFlcuIRIQTRHIG LB Snoh ELVRELRIGRS, 170) 17
met hacryl ate. (polysciences, Inc.) in tE&ANBhE ddoichiemetric amount
is uvsed to replace 2-hydroxyethyl methacrylate. |

EXAMPLE 11
Preparation of decasthvlene qlvcol methacrviate vinxi
garbanate
The named crosslinker is prepared by following the
same procedure as described in Eiample 3, except that
decaethylene glycol monomethacrylate in the same
stoichiometric amount is used to replace 2-hydroxyethyl

methacrylate.

EXAMPLE 12
arati of 4-~met ide Vi
Tﬂé naned compoungd is"prepared-by fellowing the:
sare procedure as that described in Exanple 7 except 3
that 57.3 g (0.25 pole) d4~-aminophencl is used‘to replaee

2~-amipo ethanol in the reaction.

—_—
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Preparation of decaethyl ene glycol nethacrylate vinyl carbanmate The
named ctosslinker is prepared by foll ow ng~t#é ~sanme procedure as descri bed
in Exanpl e 3, except that decaethyl ene glycol nononethacrylate in the sane
stoichionetric amount is used to replace 2-hydroxyethyl nethacryl ate.
EXAMPLE 12 Preparation of 4-methacryl am dophenyl vinyl carbonate The
named conpound is prepared by follow ng the sane procedure as that
described in Exanple 7 except that 27.3 g i?FQS gole) 4- am nophenol is
used to replace 2-am no ethanol in the F
42
4- et hacr yl ani dop =
by follow ng the proceﬁvéehﬁéa f&é&hdﬁ;ﬁxgﬂksﬂa sycmu;m{g Ju%e? g
(0.25 nole) of vinyl isocyanate i's used to replace vinyl chloroformate.
procedure set forth in Example 12 axcept that 13.3 g

(0.25 mole) of vinyl isocyanate is used to replace vinyl

chloroformate.
EIAMPLE 14
eparation ~{4-methae oxvb “lw (g~
vin carbo ut etramethyl _gisilo a

A 500 ml 3—nec£ , round bottom flask eguipped with

a reflux condenser, a mechanocal stirrer, a thermometer,
& dropping funnel and a hz blanket, is charged with €%.5
g (0.25 mole) of 1,3-bis(4-hydroxybutyl) tgtramethyl
disiloxane (Silar lLab.), pyridine, 1%.5 g and 300 ml of
methylene chloride. The contents are sooled down to
between 0 and 5 degrees C. by an ice bath. Through the
drepping funnel 25.3 g (0.25 mole) of vinyl

' chloroformate in 50ml of methylene chleride is added
aropwise into the flask at a rate such that the
tenparature is maintained between 0 and 5 degrees C,.
Thé cﬁnténts are then stirred for another 4 hours and
then passed through a silica gel ¢olumn. The eluents
are condensed and injected in &~8 gram p;rtxons into a
reverse phase high performance llquzd_ehromatography

unit (Waters), using acetonitrile as solvent. Three

* 'This SheetHas Been Rﬂrlaced
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EXAMPLE 14 Preparation of 1-(4-methacryloxybutyl)-3-(4-

vi nyl oxvcar boxybutyl ) tetranet hyl disiloxane A 500 M 3-neck , round

bottom fl ask equi pped with a reflux condenser, a nmechanocal stirrer, a 1
thernoneter, a dropping funnel and a N err] blanket, is charged with 69.5

0. 25 | f 1, 3-bis(4-hyd b hyl LSi N

Eaﬁ). y, p;r?i SI) ng, f!e??:ilﬁgén’&lr _ OéFC’)X e%*tfzé%ei'ﬁ% 3’}%%%“8?%5%%& '?ﬁgQg%%?én?; are
| ed down t { \d 5 by, a0 g .

Gropping funnel 3508 gReR D0Sest £/ £ lodrr e drd cORBna gl gy duvgre

met hyl ene chlori QegLﬁiegaiBﬂ%dfiégf%%ﬁljﬂ&H&H 1284 sdl oran@t RenLeing hat
e

the tenperature”i’S nal ntal hed ween 0 and 5 degrees C. The contents are

then stirred for capBbhgted I"DHeSmendvityE cdsaacte prodghta(34lsca gel
colum. The el uents are condensed and injected in 6-8 gran1porti§ns into a

reverse phase hi ghlpselel nhaceherged olnte oefbyria s alyerdy Sgeeribed sing
acetonitrile as solvent. T

fractions are coPﬂ@@HeHithEa?sa?on(Eﬁﬁ@%??efréﬂﬂq(ﬂ* hﬁﬁﬁﬁﬁ&ﬁﬂﬁ“?ﬁ%@%tion
b oL 20 ARG ad et | Al S AR
0.1 mole) is chapQed.afl 8 @nb! 8SKedtedk’ 820yTRIEGEMH REGrapping funnel,

10.5 é'(o.i mole) ©f methacryloeyl chleride in 50ml of

chlorofeorm is added into the flask at such a rate that.

the temperature is maintained between 0 and 5 degrees C.

The contents are stirred .continucusly for, 4 hours and

then passed through a silicé gel column, -The contents

are then cohdensed and distilled under reduced pressure

to give the named product. Hydroguinone (50 mg) is

added into the named progduct.

| EXAMFLE 185

aration of _-(4-vinvlioxycarboxvbutvlldimethylsj =
=(4-methac (=) imethylsijoxy polys

A one liter, 3-neck round bottem flask equipped
with a reflux condenser and mechanical stirrer, is
charged with the 2.08 g (0.02 mole) of the cresslinker
prepared_accdrding io the method as described in Example
14; and 35.52 g (0.12 nmele)

octamethyloyclotetrasiloxane.

" This Sheet Has Been Reﬁaoed
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along with 8.0 g of pyridine, 50ng of hydroqui none and 200m of
chloroform The contents are cool ed down to- gaetsneen 0 and 5 degrees C
Through a dropping funnel, 10.5 g (0.1 nole) of nmethacryloyl chloride in
50m of chloroformis added into the flask at such a rate that the
tenperature i s maintained between 0 and 5 degrees C. The contents are
stirred continuously for 4 hours and thexxezeedét hrough a silica gel
colum. The contents are then condensed and distilled under reduced
pressure to give the naned product Fydroqprnone (50 ng added into
t he named product. &E2PaXatig : AR 2ubapedisali on of
- (4-vi nyl oxycar box

W@W
h I b 1)d - Kk
round bott om 71 ack equi BUEdPRRE R OGipERd e Rediired achoRling bE pnd"NeC
stirrer, is char Q%ﬂefdbrfehﬂeﬁcg.@bgd({’n %ﬂ? - lgxabli@:eﬁioiﬂh'hngeﬁ—

prepared according'to the nethod as desc 14, and 35.52 ¢

(0.12 nol e) octanﬁﬁﬂnm4@ngﬂﬁbﬁ§baﬁyiptétvhmethyldisiloxane iz replaced by
44 EXAMPLE 16 - Preparation of
2.2.3.3-tetraf | uor 305 890dLarEdnolehedfadidd hitd ~Herpatdncronis, 4-

butanediocl (PCR, Inc.)

EXAMPLES 17-22
ormulations Containing HEMA and NVP {Non-silico
The HEMA used in formulations (Examples) 17 and 1B

contained 0.06% ethylene glycel dimethacrylate (EGDMA).,
In both of Exanples 17 and 18, two films were cast.
Formulations 17A and 18A were subjected to both a
thermal heat cure followed by a UV cure. Formulations
17B and 18B were subjected to only UV curing. The HEMA
used in formulations (Examplgs) 19 and 22 contained
0.15% EGDMA. The formulations were subiected to curing
conditions cemprising either only UV for one hour, or UV
followed by a heat postcure at 120 degrees € for one
additional hour. The UV initiator used was benzoin
methyl ether (BME) or Darocure-1173 (EM Industries).
The thermal initiator used was tertbutyl peroctoate
ATBO). Thé films were cast between two glass plates,

~ followed by boiling water extraction and then placed in

This Sheet Has Been Rerlaced

||II|I |III|| il




The naned conpound is prepared according to the procedure described in
Exanp] e 14, except that 1,3- bis(4-hydroxyRstyl)tetranethyldisiloxane is
replaced by 40.5 g (0.25 nole) of 2,2,3,3,-tetrafluoro-1,4- butanediol =
(PCR, Inc.) EXAMPLE 17-22 Fornul ati ons Cont ai ni ng
HEMA and NVP (Non-silicone) The HEMA used in formul ati ons (Exanpl es)
17 and 18 contai pe Edfad Inedipebhtec eybavet(EGDOMYsican both
of Exanples 17 ang %ngﬁa(%g ?‘ﬂr Wercg écgalgtn Forrmul ati ons 17A and 18A were
subj ected to bot hegarhBgepiRbthesal cure followed by a UV cure. Fornul ations
17B.and 18B were subjected to only UV curing. The HEMA wused in

formul ations (Exanples) 19 and 22 contained 0. 15% ECGDVA. The fornul ations
were subjected toF DB ‘

hour, or UV foll dpas

additional hour. The UV |n|t|ator used mas ben20|n nethyl ether (BME) or
Darocure-1173 (EM Industries). The thermal initiator used was tertbutyl

peroctoate (TBO) e fil mgnere cagy betweenzno gl ggs pl atrgs, fopl oved

by boiling water raction and then placed in
45 RVP 28 28 28 28 28 28
| BME - 0.076 %.078 - - - -
TBO 0.100 0.100 - - - -
Darogcur ~ - . 0.2 0.2 0.2 0,2
HEMAVE & -~ - - - 0.2 -
EGDMA - 20 - 20 20 20
Glyeerin 20 - 20 20 20 20
%giégiigfgg. Examples
17A.17B - 183 18B r - 20 21 22
v yes yes Yyes Yes yes yes yes yYes
Heat yes noe yes no no ne no no
Eilm Properties Examples
17A 178 18A 168 19 20 21 22
$Extyr i¢ 78 5.2 13.1 13.0 12.8 10,7 12.2
\Water 54 80 56 55.3 56.2 56.7 58.4 54,0

Modulus 25 -~ 28,8 23.85 25.5 £4.1 17.1 28.7
Tear 300 - 216 4-4 404 ‘l? 3-2 2-1
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a phosphate buffered saline before evaluatin g phy5|cal characteristics.

For nmul ati on Exanpl es (par 17 18 19
20 21 22 HENVA 72 72 72 72 72 .
72 NVP 28 28 28 28 28 28 HVE :
0.076 0.076 - - - - TBO 0. 100 0. 100

- - - - Darocur - - 0.2 0.2 0.2
0.2 HEMAVc - - - - 0.2 - ECGDVA -

20 - 20 20 20 dycerin 20 - 20

20 20 Zoéﬂggﬁhﬂ% Type Fornul ati on Exanpl es

17A 17B 18A 18 9 20 21 22 W yes yes yes yes
yes yes yes ‘Yerhe hagdultey @hownehat YEe fxmulatioiOusingN@he no
no Fil m Properties : Exanpl es 17A ?78 18A
18B 19 onovelzqrossllnxgr'%stawc maxaﬁgne 21x2wu; able t013.0

12.8 10. 7 12.2 wate 54 80 56 56.7 58.4 '
54.0 Mbdulus 25 prod ueg Bilms yith 2519“1'2%.“‘1““"- Pif Pﬁrzgtﬂblﬁapnd 3.0
- 2.6 4.4

fhcreased wateé&conten%; vhile being cured with only UV.
These results are believed to show better incorporation
of HEMA with NVP under only a UV cure regimen when the
novel crosslinker, HEMAVec is present. The hydrogel lens
made from this formulation (Example 21) gave an eptical
quality of 4.8 out of a 5.0 scale which was far superior
to the only comparative formulation cast into lenses

(Example 17) which had a 4.0 sptical elarity rating.
EXAMPLEE 23«30

To further exemplify the enhanced performance of
the novel c¢rosslinker, HEMAVe as compared with
traditional crosslinkers, sugh as EGDMA, the
formulations :iom Exanples 21 and 22 were further
modified by adding increased concentrations of HEMAVe.
All films cast were UV cured for one hour followed by
standard extraction procedures as already described.-

The following properties were noted.
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- 46 - Resul ts The results show that the fornulation using the
novel conpound, HEMAVc as crosslinker (Exanghe-~-21) was able to produce
filme with a | ower anount of extractables and increased water content, ™
whil e being cured with only UW/. These results are believed to show better

I ncorporation of HEMA with NVP under only a UV cure regi nen when the

novel crosslinker, HEMAVC is present. The hydrogglplgdls nade fromthis
formul ati on (Exanpl e 21) gave an optical quality of 4.8 out of a 5.0 scale
which was far superior to twe onlas conpa atige forgml atizon casie i ntgo

| enses (Exanple 17) which had a 4.0 optical clarity rating.

EXAMPLE 23-30 BEMAV&O further exenplify the enhanced per formance of

t he novel crosslinkenrc. HEM®/c2 as @cdhpar®ed wi &n6 tr@df ti dhdl crlods| i Akdr s,
such” as EGDMA, the fornulations from Exanples 21 and 22 were further
modi fi ed by adding increased concentrations of HEMAVc. Al filns cast were
W cured for one hour followed by standard extraction procedures as

al ready described, The follow ng properties were noted.

m (o) -]

$Extract 10.7 7.8 7.1 5.7 12,2 8.0 7.6 6.9
MWater 58.4 57.7 5.8 83.7 4.0 54.6 53.5 50.7
Modulus 17 22 as 66 28 42 &3 87

“Tear 3.2 3.0 2.3 2.5 2.1 1.6 1.5 1.6

EXAMPLE 31~26
epa ion of Nen-Silicone-Containi drogels with
BEMAVC
To further exemplify the usefulness of the
crosslinking agent of the present invention with varied
polymeric systems,'HEMAVc was used as the crosslinking
agent in non~silicone-containing formulations containing
both a hydrophilic methacrylate (HEMA) and a hydrophobic
methacrylate (4-t-butyl-2-hydrxycyclohexyl methacrylate,
or TBE) and NVP. All formulations were cured with OV .
and -the resulting films were optically clear. The
properties of the films cast from the various

formulations -are shown in the following table:
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-47- ‘ Exarrpl es : 23 24 25 26

27 28 29 30 HEMAVc Conc. 4%.2 0.8 1.6 0.2 0.4 0.8
1.6 FilmProperties % kxtract 10.7 7.8 7.1 5.7 12.2 8.0 :7.%,

6.9 Water 58.4 57.7 55.8 53.7 54.0 54 6 53.5 50.7 Mdulus 17 22
38 60 29 42 53 87 Tear %E 2.3 2.5 2.1 1.6

1.5 1.6 EXANPLE 31 %&F eparatlon of

Non- Si | i cone- Corigamu ek ey I : 3&mplify
the useful ness of ghg corrpoundgs of thg [ nvent [ q;; as aeossl |4|gk| ngoagents
with varied polyneric systens, HEMAVC was used as th cros I nking agent.
I n non-silicone- céﬁphlnlng forﬁﬁlatloné contmrnf% %ﬁdroﬁﬁlllc

nmet hacryl at e (HEMSEMAWE a hydropBobi c w8t hacryl at®e .3 3 L3

(4-t-butyl-2- hydrw&_ﬁg&exyl nmephacryl age, or TBE) ang NVP. ,Al |

formul ations were cured wth UV “and thé resultin filnms wereé optlcally
clear. The prope@¥EERFN the R% ns caP from t P vari®us A8 mPltions are
shown in the fol | @gmg table: s i0 15 15 20 20
Properties
$Extract 6.8 4.8 5.9 5.2 B.l 8.1
IRater 69 €3 59 67 64 64
Modulus 13 17 46 s 680 490
Tear 2.6 4.7 12.1 6.5 high  |high
EXANPLE 137

eparation of Polyuret =53 e Hvdrogels
.A monomer mix for a polyurethane hydrogel

containing the following compohents was prepared:
a) urethane prepolymer, derived from isophorone .
diisocyanate, diethylene glycel, polysiloxanediol.cf
iolecnlar weight 3600 and end-capped with HEMA (IDS3H),
30 parts:
b) 3-methacryloxypropyl tris(trimethylsiloxy)silane,
(TRIS), 30 parts; '

thBmmehwd
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48 Exanpl e Fornulatlon 31 32

33 34 35 36 HENVA 55 + 4955 55 50 45 40
NVP 45 45 - 45 50 55 60 HEMAVC .30

.3 .3 .3 .3 .3 DAROCURE .2 .2 .2 .2

.2 .2 GLYCERI N 20 20 20 20 20 TBE

5 10 ) 15“"1’-15O Paﬁbsl Properties % xtract 6.8

4.9 : ?. -h . .ni, . Amater 69 63 59 67
64 64  ModHfus Phexgnols "““l? 46 18 680 490 Tear
2.6 4.7 12 5] h

EXAMPLE 37 Preﬁ%rat?éﬁoggr 5 e?H%H% SITICOHG Hydr ogel s A nononer

m.x for a polyuret-hape hyﬁlmsbn €9NERe BV d-ti et A FogRANABEBAS WasS
prepared: a) ur et hane prepol yner, derived fromisophorone diisocyanate,

di et hyl ene gl ycwers pdﬂyéoksxaaeﬂ|BEHEW=.rmiaxhnunxewemghm ¥6en and
end- capped wth HEMA (1 DS3 30 arts 3- net hacr onypropgl
tris(trimethyl sPFOReFERA AR PIﬂFQ&*I %Rﬁt@y placing the mix between

two glass plates and curing under UV for 2 hours
fellowed by extraction with ethansal for & hours followed
by boiling water for 4 hours. -The hydrogel f£ilms were
then placed in a phosphate buffered saline (pH 7.4)

solution. The following properties were noted.

Eroperties ' Formulation

without HEMAVC with HEMAVe
$Extract 16 10
kvater 25 37
Oxygen Perm, Ek 144 105

Modulus, g/mm 970 430

The formulation containing the novel crosslinker
exhibited ihproved characteristics such as lower
extractables,'higher water content and lowvey modulus

without sacrificing much oxygenpermeability.

EXANPLE 38
A monomer mix was prepared, derived-from the
following IDSSH/TRIS/NVP/DMA/HEXANOLMPAROCUR-I173 ats
the following weight ratios 25/25/35/15/40/0.2.

“This Sheet Has Been Replaced
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PP @
- 49- c) NVP, 4 0 parts; d) n-hexanol; and e) Darocur-1173, 0.2 ot

parts. To a portion of the above-identified fornulation was added
0.6 part HEMAVc. Both mixes were then prozessed into hydrogel filns by
pl acing the m x between two glass plates and curing under UV for 2 hours
foll owed by extraction with ethanol for 4 hours followed by boiling water
for 4 hours. The hydrogel filns were then placed in a phosphate buffered
saline (pH 7.4) Butmnlakionkh@AMokthoeikgl PEBpecié dstnbldshetedith "AY

Properties For mul ati on wi t hout
HEMAVC wi T hﬁgﬂg%}nqgfppﬁggatzve control contgining no crosslinkezg
Ywat er Per

144 g through “fa cﬁB&ﬂFﬁ§n9d9ﬁ%¥ (%%ﬁ%ély S?g%gksing

430 The f or b b GV, “ﬂnh‘EWCtﬁioxféorP%ﬁ"' Bsnkad AXHS b' ted

I mproved characteristics such as lower extractables, higher wa content -
and | ower nodul uspregsdssivelac inkbreaBinglsioOntis SO TCDMARI. | The. mixes :
EXAMPLE 3 8 A nmononer nmix was prepared, derived fromthe follow ng |

DS3H TRI S/ NvP/ M&M/mmlhnragel fHne aising pgomdghes r@a%i os.

25/ 25/ 35/ 15/ 40/ 0. 2.
earlier described. The film properties for each

formulation were noted and are produced in the following

-tabie:
Fornulatian
A B c D E F G H I
’ Crosslinker

waight  © 0.1 0.2 0.4 0.8 0.1 0.2 0.4 0.8
1Ext 5.9 12.6 11l.2 8.2 6.1 16,2 1l4.5 14.1 13.2
$H,0 47.4 49.3 51.4 50 47.0 46.1 46.5 45.0 43.4'
¥Mod. 56 51 59 €7 98 60 .66 74 319

Results

In the formulations containing HEMAVc, extractables
and modulus values were comparatively lower, and the |
water content.values comparatively higﬁér than the

forpulations which 4iad not contain REMaAVe.

—_—
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50 Fornulations "A" through "I" were established with "A" being the
conparative control containing no crosslinkgy, - "B" through-"E" contai ning
progressively increasing anounts of HEMAVc, and "F" through "I1" containing

progressively increasing anmounts of EGDMA. The m xes were then cast into

hydrogel filnms using procedures as eaHi 4*5 pi bed. The film properties
for each formulation were noted and ar é?" ced in the followng table:
Forrmul ati on A B C G H I

Crossl i nker o : A e o MY 303 O

0 0.1 0.2 O0.4HEM> . . %Ext ~15. 9 12 6 11 2 .2
6.1 16.2 14.5 14. 1 13 2 %H[err]Cﬂ? 4 49.3 51.4 50 47.0 46.1 46.5

45.0 43.4 Md. 56 A $ormubstioncfentgginingodydrogpethyl metharrylatssults

In ¢the fornul ati ons contalnlng HEMAVc, extractables. and ul us values
were conpar at i vel $EENr whagh Hetummnt&éﬁeénf’ A0 @%ﬁ?ﬁ?

higher than the Lo op gkt e N iy J5paGRR5 20 0y HR) -pryrr°1ld°ne -

(NVP), 28 parts; hydroxyethyl methacrylate

vinylehloroformate, 0.08 parts; Darccur-1173 [EM
Industries], 20 parts: and hexanol, 20 parts was
prepared. This formulation was cast between two silane-
treated glass plates and cured under UV radiatien for 2
hours, After solvént (ethaneol) extractien, the weight
loss was 14.5%, which was accountable for the weight of
.the hexanol. The films after hydration contained 65%

water, indicating escellent polymerization.

!:mrw 40
MA /NVE ation witho A

The mix containing HEMA/EGDMA/NVP/Benzoin
methylether (BME)/t-butylperoxycctoate (TBO)
(71.85/0.15/28/0,75/0.1) was cast into lenses by first
exposing to ultraviolet radiation (UV) for 2 hours,
followed by 120 degree C heat postcure for 1 hour. The
resulting lenses were then extracted with beiling water.
The boiling water extractables was 18% and the final
water content of the lens was 56,5%, When comparing the
data from HEMAVe modified formulation and the standarad

formulation, it was beiieved that more NVP was

. This Sheet Has B
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51 EXAMPLE 39 Gass2 ng Hydrogel Films - HEMA/ NVP
For mul ati on Cont ai ni ng HEMAVC A fornul ati on contai ning hydroxyet hyI
nmet hacrylate (HEMA) which in turn contained 0.17% et hyl enegl ycol .
di nret hacryl ate (EGDMA) 72 parts; 1-vinyl-2-pyrrolidone (NVP), 28 parts

hydroxyet hyl net haebypatatedi ByikehtRechpasgel h Ghd W veDas@LHied 173 [ EM
I ndustries], 20 parts; and hexanol, 20 parts was prepared. This

formul ati on was gasmubstiosn tMossi impertantlyy athey e lykarésatieh cur ed
under WV radiation for 2 hours. Aft'er solvent (ethanol) extraction, the

wei ght | oss wasS¥X¥iBg, LoKi EHGMEEHAEEUBQ‘F&%%‘E‘” TRatisngRancke he

hexanol . The-fil gs, after, dration._co 2% lcati
excel l ent pol ymef® DAEVER Q¥ exposure B340 “’ti‘mEfiﬁﬁf g ?ER/%#\NP
Formul ation w'thguke Gated pesbec{d i g%l?ég%]zm n
met hyl et her ( BME) %t E‘ pgr oxygct oa?e %TB%? ﬁ%’?l 85;/0 gﬁ% 0
cast into | enses sla;n&u-at fotwpoatignto ultraviolet radiation (UY) for
hours, followed by 120 degree C heat postcure for 1 hour. The resultl ng
| enses were then extracted with boiling water. The boiling water
extractabl es was 18% and the final
EXINFPLE 41
ane ¥ elsg for Contact lene
A monomer mix containing the following ingredients
was prepared.
a) 30 parts urethane prepolymer derived from
isophorone diisocyanate, diethylene glyeel,
polysiloxanediol of molecular weight 3600

b) 30 parts of TRIS

©) 30 parts of NVP

a) 10 parts of DMa

e) 0.1 parts ¢f crosslinker HEMAVC

£ 0.2 parté of Darocure-l1l73

g) 40 parts of solvent hexanol

This formulation was cured under UV radiation for 2
hours, to form £films, which were then extracted w:l.th'
ethanol, dried and iaoilec_l in water, rolloweﬁ by
saturation in buffered saline at pH 7.4, The hydrégel

films had a npdulus value of 80 'g/mz, oxygen

This Sheet Has Been
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wat er content of the lens was 56.5% Wen conparing the data from HEMAVC
nmodi fied fornul ation and the standard forfuPdtTon, it was believed that
more NVP was -52 - incorporated into the
hydrogel in the HEMAVc nodified| formulation. Mst inportantly, the

copol ynmeri zati on or peteiabgi ity
achi eved by exposure to UV radi

i nstead of usi ng a heated

post-cure reginen a required f or the standard fornul ation.
EXAMPLE 41 Urethane Hydrogels for Contact Lens Applications. A
monomer m x containing the follpw ng ingredients was prepared.

30 parts urethane prepol yner de

dii socyanate, dieth s aLyeo
wei ght 3600 _ b)an_d. ‘
10 parts of DVA

Fi ved fr oBXAMPLE 42

h1 lparts of HEMAVC as crossl [ nker

| sophor one
ned| oI

si | gx

f)

ot be HEMAVenied] fddwheeilakeqn gan be

At i on al one,

a)

of nol ecul ar

-d)
0. 2

parts of Darocure- 1173 A ncmfgyer MXpmminingdheeshnéeﬁ@mhients in Thl S

formul ati on was cure&eugg ‘y\{u-l1
10 parts of 2

(VDMO) was acdded.

into the hyar
films had a m
permeabjlity
40%.

Urethane Hydroge

Hé) as gfmg in Example 41 except that
-vinyl-4,4~dimethyl-2-oxazoline~5-one
The formulatiens can be proceésed
ogel f£ilms of Example 10. The hydrogel
odulus value of 110 g/mmz. Oxygen

of 90 (Dk units) and a water coentent of

EXAMPLE 43

ns n

4 polyurethane mix of the formulation as described .

in Examples L
filter into

atmosphere,

1 and 42 was filtered through a dxsposahle'

clean vial. TUnder an inert nitrogen

50~90 micreliters bf the mix was injected

onto a clean plastic mold half and then covered with a

second plastic mold half.

coppressed
UV light (42

00 nicrcwatts/cmz).

The molds were then
4 cured for 90 minutes in the presence of

The nolds'wera then -

opened mechanically and put into a beaker containing

This Sheet Has Been Reﬂlaced




hours to formfilns, which were then extractéed™with ethanol, dried and>"""
boiled in water, followed by saturation in buffered saline at pH 7.4. The
hydrogel filns had a nodul us val ue of 80 y/¥hj“err], oxygen .
53 perneability of 98 in Dk units, and water content of 41% :
EXAMPLE 42 Ur et hane Hydrogel Forrrul ation Containing NVP, DMA, VDMO and

HEMAVC A monong -{ruéggéa QF% ' Nfhd HQné%%fue&@%@fHa%@h%&& thige same

wei ght ratio as that 1 except t 10 part
2-vinyl -4, 4-di net hylnﬂmnbhima- ﬁouwa th(eH[lﬁ)rm&edadd&detﬂ'mlf d@epud®@mt i ons

can be rocessed to the er 0 The h dro el
filns hgd a modul us T BT’ S?rﬂﬂ éﬂ?f"{l@ygg %’é'rf‘m%‘ﬂ‘f’:l' 8% 90 (Dk

units) and a water Cﬁﬁtﬂ%nﬂflerég%vere inspected for cosmetic alEXﬁ',VPLE 43
Ur et hane Hydrogel Lens Castin pol yur et hane ni x .of the fornulation’

as described in Exaﬁ’ﬂﬁ?%?"»iﬁi%(}"ﬂzd’vﬁé‘sﬁmter‘@ﬂsf’ﬁrﬂﬁﬁﬁ"% n=psssior e
filter into a clean yiQ ‘I:hupﬁlﬁlyaaiéfﬁerctghtirP%Bspﬂﬁ@ﬁQ?ﬁfeﬂ 881 90

mcroliters of the mx was I njecCted
prior to on-eye evaluation.

EXAMPLE 44
nical i on _

The cast-molded polyurethane lenses described in
Fxample 43 were evaluated on six to 10 patients. In
each. test, a poly(HEMA) contreol lens was worn on one eye
and the test lens on the other eye. The lenses were
analyzed after a minimum of one hour, and preferably 5
houi's or longer for wettability and surface depositien
study. The surface wettability rating scale was 0-4
with 0 representing no surface deposit and 4
representing multiple deposits of 0.5 mm diameter or
larger. The results for the 1ensés of the formulation
of Example 41, ‘was 3.0 for wetting and 0.4 for deposits
after 5 hours of wear. For lenses comprising 1 part
VDMO (Example 42 formulation), the results showed a
wattability rating of 3.3 and a deptsit rating of 0.7

after 4 hours of wear.

—_——
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onto a clean pl astic mol 'd half and then ¢overéd With a second pl astic rold
hal f. The nolds were then conpressed and cured for 90 mnutes in the
presence of WV light (4200 microwatts/cni&?¥)~ The nolds were then
opened mechanically and put into a beaker containing

54 aqueous ethanol. The | enses were released fromthe nolds within 1
hour, then extracted with ethanol for 48 gzgpfs 4s5and boiled in distilled
wat er for 4 hours. The resultant Ienses were i nspected for cosnetic
quality, cytotoxiciREmas HmC R tion were

9 42095 (RRIS/ NUR(IDBYS
Cher ety s et e .08k bl sy S M e

The cast-nol ded pol yurepraperés rren dws&rdabetbn rbf Exa+milsg443 were eval uated
on six to 10 patients. In each test, K a pol x& control | ens was worn on

one eye and the teSPEtRATTYLOXYANEYS) Bisilowane BRg fod et ane PehexhpathyL

after a mninum of OoRG198kandh REEALHARIY o2 mufas. OlryliQ0E8S HaPts of
wettability and surface deposition study. The surface wettability rating

scal e was 0-4 with ¥pDaspwasceanhigedowithy f3cranks) 0% TRMhJ 48 parts of
) NVP, and 0.1 part of HEMAVc was shaken and produced a

elear solution. To this mixture was added 40 parte of
hexanol and 0.2 parts of Darocure-l1l73. Twenty (20)
parts of hexanol was added to the mixture along with 0.2
parts of BME. The resultant formulation was cast onto
glass plates and :ﬁred undér UV light for 2 hours. The
films were extracted with solvent (ethanol) overnight,
boiled in water for 4 hours, and then placed in buffered
saline at pH 7.4. These films exhibited the following
properties: water content - 23%; modulus 369 g/mm2;
contact angle ~ 20 degrees; and oxygen permeability 114
in Dk units.

EXAMPLE 46
Formulation Containing MoDos/TRIS/NVE/DMA/RemaVe

A glaes vial contained the above-listed ingredients
in the following amounts: (13/47/30/10/0.1). The
content was cast into hydrogel films according to the

procedure described in Example 45. The resultant

[
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representing nultiple deposits of 0.5 mmdianeter or larger. The results
for the |l enses of the formulation of Exaspte 41, was 3.0 for wetting and
0.4 for deposits after 5 hours of wear. For |lenses conprising 1 part VDMO
(Exanmpl e 42 formulation), the results showed a wettability rating of 3.3
and a deposit rating of 0.7 after 4 hours of wear.

55 hydrogel lemEXéNRhﬁlﬁéd €06 "TO X dRingE G eHdttiks: water
Merr]Derr]/ TRl S/ NVP/ HEMAVC

[err],WBis(net hmqﬁm@buﬁﬁl%),pubﬁnlhsxme ¢Muad 1 |Bpretadt) angdse @2Separ ed
fron1the reaction of 1,3-Bis(4- nethacryloxybutyl)disiloxane and

1,1,3,3,5, 5-hexdRIT8AS: mdsmsaneppﬁmmhlv itwidd® gn DIg WEtskhirt een
parts of Merr]Derr] was conbined with 47 parts of TRIS, 40 parts of

NVP, and 0. % part of HEMAVC was shaken and produced a clear solution. To
this n1xture was added 40 parts of éﬁfﬂkfﬁ@ .2 parts of Darocure-1173.
Twenty (20) parts of hexanol was adde e nlxture along with 0.2

parts of BME. - Theosrastsstizel Feominhat T /HEmYS Pl at es and
cured under Wi lig ' efere extracied wth sol vent
(ethanol ) over ij ght, HMﬁdﬂﬂﬂlBMluatwasfpreﬁatnﬂuapnt!uhiﬂgﬂthd &ame i n

buffered saling at pH 7.4. These filns exhibited the foll ow ng
weight ratio as that in Example 46 immediately above,

¢cept that TRIS was replaced. completely by an
additional amount of MaDas (60/30/10/0.1). The
'resulting mixture was cast into hydrogel films according
to the procedure described in Example 39 The resultant
filwms exhibited a modulus of 570 g/mmz (which is about
1.5 times greater than the medulus displayed by‘the
hydrogel £ilms prepared as deseyibed in Example 14 which
contained both MaDss and TRIS in the specified weight
ratio of 13 ta 47,

EXAMPLES 4853
Six palyurethane hydrogel f£ilms containing the
following ingredients, were prepared:
&} urethane prepolymer, derived from isophorone
. diisocyanate, diethylene glycol,
pal&sglokanedial of molecular weight 3600 and
. HEMA, 30 parts; -
b) TRIS, 30 parts:

——
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properties: water content - 23% nodulus 369 g/mjerr]; contact angle -
degrees; and oxygen perneability 114 in Dk _units.

EXAMPLE 46 Formul ation Containing Merr] D[ &rT/ TR S/ NVP/ DMV HenaVc

gl ass vial contained the above-listed ingredients in the follow ng
amounts: (13/47/30/10/0.1). The <content was cast into hydrogel filns

according to the

56 hydrogel filns exHfbi tmrhé’afrd-leldo#ﬁ’g'

24% nodul us 146
113 in Dk units.

films according

procedure _described in Exangle 45. The resul tant
Br Epefli BaT Rt er content -

-

20
A

O/ M) COGIE! LS Soon'3£500 ARS-RURP PHEL 441

Formul ati on - h{err][{err] HemaVc A fornul ati on was prepared
contai ning the same weight” Fa as that in Exanple 46 innediately above,’

except that TRIS was r Iaqg@mg@ny @ 8dggt 4P
Merr]Derr] (60/30/16%% 1). The f@?u????é’ﬁ?? urgkmasqgggt Into hydrogel

to the) pr ocdixamcdesor pagdsin Exanpl e 39 The resultant

films exhibited a nodul us of 570 g/ err] (which is about

g) Darogur-117 (OV initiator), 0.2 part.

Qhese formulations were UV cured, followed by
ethancol extraction and beiling water hydration, to give

resultant hydrogel films with the feollowing properties

- {water content and modulus). Figure ) depicts the

resultant films of Examples 48-53 as shown in Table 1,

with each film as one plotted peoint respectively.

Table 1
Example
48 49 50 51 g2 53
NVP/DMA ratio 40/0 38/2 35/5 30710 20720 0/a0
% water A5 4¢ 44 41 41 37
Modulus 430 281 1%0 80 79 €3

Results

Pigure 1 depicts the resultant film of Examples 54-

57, with the nodulus/campositinn relationship of each

£ilm plotted a5 one poxnt respectively.

' TMSQEaEﬁsBam
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1.5 tinmes greater than the nodul us displayed by the hydrogel filns
prepared as described in Exanple 14 which ggoatained both Merr]Derr] and
TRIS in the specified weight ratio of 13 to 47.

EXAMPLES 48-53 Si x pol yur et hane hydrogel filns containing the '
foll owi ng ingredients, were prepared: a) ur et hane prepol yner,
derived from i sophorone di ipyos3est s4-g et hyl ene gl ycol,

pol ysi | oxanedi ol of nol ecul ar wei ght 3600 and HEMA, 30 parts;

b) TRI'S, 30 parts; Pelyurethane formulations of the ingredimhts as if)

NVP, varied fromO to 40 parts; 2 DMVA, varied from40 to O parts
(NVP + DVA = 40 Examples 48153 thyt of diffprentEpaletive paATtse_sas8howsY% of
NVP anount ; % xanol 405Parts g) Darocur-1173, (W
initiator), 0.2 H8r sble’ + Werg RXeHS3AA ations were WV cured, fol lowed by

et hanol extraction an t dr.gt t ye resul t ant hydr oge
filme with the follo g%g properW®%§&UQy £ bggts Ehéﬂ '

¢} NVP & d) DMA, 32 parts combined;
e) n-Hexanol, f) HEMAVe and g) Darocure-1173, same
parts as in Examples 48-53.

" The formulatiens were cast and processed in the
same manner as in Examples 48-53, with the water centent
and modulus data shown in Table 2. Figure 2 depiets the
resultant f£ilm of Examples 84-87, with each £ilm as one

plotted point respectively.

Zable 2
Example
54 55 56 57
NVD/DMA ratio 32/0 24/8 16/16 0/32
water % 25 26 31 25
Modulus 610 278 107 87

The medulus/composition relationship is further

shown in Pigure 2.

BRYAMPLEE S8~-§1

M,Dy-based Hydrogel Films o
The following silicone~containing hydrogel

formulations were prepared and cast processed into

uiiiiﬂ‘ fiis Tﬁfi’ uﬂi‘““




(water content and nodul us).
Exanpl es 48-53 as shown in Table
respectively.

Exanpl e 48 4
40/0 38/2 35/5 30/10 20/20
41 41 37 Mbdul us

Resul ts

respectively.
EXAMPLES 54- 57
Exanpl es 48-53 but of
pr epar ed. a)
32-parts comnbi-ned; b) TRIY; Hex
parts as in Exanples 48- 53.

in the

Figure 1 depicts the

1,

9
0/ 40
430

gure 1 depicts the resultant film of Exanmp

t he modul us/ corrpolé‘k’@?%e?‘ J&%’F%rﬁ}ﬁlﬂ‘%fp%ﬁmﬁ 9% EP‘GPP%&S a480he pHIet
;ngrf%+§ %t%%ﬁ% forml ations of the ingredients as in

ol AR € 8

resultant filns of

with each filmas one plotted p0|nt

Table 1
50 5@ = 52 53 NVP/DMA ratio
% wat er 35 46 44
281 150 80 79 63
les 54- 57, with

/€ parts, as shown
4-parts each; c) NVP & d)
sf) HEMAVC and g) Darocure-1173,

in Table 2, were

DVA,
sane

he fornul ati ons were cast and processed

©) NVP & d4) DMA, 40 parts combined

¢) n-Hexanol, 40 parts
£} HEMAVe, 0.3 part of NVP amount

'g) Darocure, 0.2 part

. The formulations were éast and processed in the same

manner as in Examples 48-53, with the water content and
modulus data shown in Table 3.

resultant film of Examples 58=61, with each film as one

Figurs 3 depicts the

plotted point respectively.

Pable 3

Example
58 59 60 61
NVP/DMA ratis 40/0 30710 20/20 Q/40
water % 23 24 32 29
Modulus 180 110 80

370

Many other modifications and variatione of the

present invention are possible to the skilled

practitioner in thé field in 1lignht of the teachings

herein.

It is therefore understood that, within the

scope of the claims, the present invention can be

practiced other than as herein spegificaily described.
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sanme manner as in Exanples 48-53, with the water content and nodul us data
shown in Table 2. Figure 2 depicts the resultant film of Exanples 54- 57
with each filmas one plotted point respectively.

Tabl e 2 Exanpl e~ 69 -

56 57 NVP/DVA ratio 32/0 24/8 16/ 16 “I m“\mlm‘l\
wat er % 25 26 31 25 I\/bduIH“mH

275 107 The modul us/ conposition rel ati énship" is
further shown |n“¢|%5é”-2 EXAMPLES 58- 61
Merr]Derr]-based Hydrogel Filns The foll ow ng silicone-containing

hydrogel formul ations were prepared and cast processed into

- 59- hydrogel4fil C FY=yo] + di ents

wer e: a) I\/[ er rlﬁeérarﬁ]:;"@iuL 095 ﬁ‘iUiﬁg Ltgé% ?ﬁ?%ﬁ%ﬁ It%gg NVP

& d) DVA, 40 partsg emiymcauy pahyaemxanmé,gﬁ&wmm having the
schematic represantation:

ﬁ'a'

wherein

V denotes a vinyl-containing group having the

formula:
RJ 2 - P.4 ’
' \
o=
V4 \

Rz ’ XoQonyYw
i
L) H

A’ denotes an acrylic—containing group having the

formula:
Rgs RS'
N
C=C
2 C” \h
o 4wl 7;
i\
: (o] ?

& denctes a styrene-containing group having the

formula:
Rg* Rg¢
N
o=
e ™~
Rip’ Q- :
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f) HEMAVc, 0.3 part of NVP anount g) Darocure, 0.2 part The
fornulatlons were cast and processed in the sane naﬂﬂef—as—rn‘Exanples
48-53, with the water content and nodul us data shown in Ta mz“i“ﬂm ure 3

depicts the resultant filmof Exanples 58-%1, wth‘mmum
pl otted point respectively.

Exanpl e 58 59 NVP/ DVA
ratio 40/0 30/10 , 20/20 0/ 40 mater % 24

32 29  WheFRdrus 370 150 110 90

- 60 - CLAI M5 C I I ni ng
group and an acrylic- cé-nt alsnaﬁ'gaérggnpgwngg%}n {%e acp'%‘lﬁc\%“r%\éup%%?egel ected

from pol ysi | oxanysa K:‘x‘:lsx&:lﬁtﬂ%%%%%aﬁéuﬁﬁéﬂé' I I@Me oxide,

(met h)acryl am des, fluoroal kyl yacryl ates, Tl doroal kyl

(et h)acryl am deaaolar@qmremh-meukyndneammbwdhl(xﬁlw ates or

(meth)acryl am des; and having the schematic representation:
[err] mh&KéN@zmethylsil°¥auénoﬂé%lhwl¢¢ﬁﬂpﬁﬁwnaJnlng group havi ng
the formul a:
polydimethylsiisxXane modified with Tluorealxyl or
fluoroeﬁher groups;

Ry’=Rjyq’ are independently H, or alkyl of 1 to 5§
carbon atoms:
Q is an organic group containing arematic moieties
having €-30 carbon atoms; |
X, Y, and Z are independently ©, NH or S;
v/ is 1, or higher{ and '
a’, s’ are independently greater than or equal to

0, and 2’ + &7 is greater than or egual to 1.

2. The composition of Claim 1 wherein said composition
comprises at least onhe acrylic~=ontaining group and at

least one vinyl~containing qrcdp.

3. The composition of Claim 2 wherein said acrylic-
containing group comprises at least one alkyl

(methjacrylate or alkyl (meth)acrylamide greup.

4. The composition of Qlaim D wherain aaid qurylie—

containing group comprises at least one
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[err] A denotes an acryl i c-cont ai ni-hg—group_havi ng t he
formul a: [err] 7

61 - v~ s==-~S-denotes a styrene-containing group hiu' | F : :
[err] wher ei n Rlerr] is warfalkyl raditd l’nm Imm ]
substituted and unsubstituted hydrocarbons, polyal kyl ené okide, * s '«

pol y(perfluoro) al kylene oxide, dialkyl-capped pol ydi net hyl si | oxane,

di al kyl - capped pol ydi net hyl sil oxane nodi fied with fluoroal kyl or
f1 uor oet her groufiysiloxanylapkyl r [nethradqrydnte aycpeivehl dyanylalkyl kyl

of 1 to 5 carbon at ; . Q.i's an organic group containing aromatic
noi eti es havi ng 63§%g§3F58535%5ﬁ3$r°uP' X, Y and Z are independently
0, NHor S v is 1, or higher; ais greater than or
equal to 1; and s is greater than or equal to O.

5. The composition of Claim 2 wherein said acrylic~
containing group comprises at least one fluercalkyl

(meth)acrylate or fluorocalkyl (meth)acrylamide group.

6. The composition of Claim 3 wherein said alkyl
(meth)acrylate or alkyl (meth}acrylamide group is
selected frnm the greup consisting of derivatives of 2~
hydroxyethyl methacrylate, glycersl methacrylate,
hydroxyethyl methacrylamide, N,N-dimethylacrylamide, and
2-methacrylamido ethanel.

7. The compositien of Claim 2 wherein said acrylie-
containing group is a prepalymer end-capped with

(meth)acrylate or (meth)acrylamide groups.

B. The composition of Claim 7 wherein said prepolymer

is a polysiloxane-~containing prepolymer.

9. The composition bf Claim 8 wherein said
polysiloxane~containing prepolymer comprises at least

one fluercalkyl group.

——
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2. A conpound according to Caim1, wherein thmy’r\--cont..ai___ni__ng

group is selected from N vinyl pyrrolidone g rivatives i.nyl, N-nethyl
acet ani de derivatives, N-vinyl, N-nethyl ToPfrani de derM’W}Iﬁ”Im i ~
acetam de derivatives, N-vinyl formam de derivatives, w nyl™%! l’lﬂ”[

car bonat e- capped prepol yners, vinyl carbamate-capped prepol yners ahd *vi nyl

ur ea- capped prepol yners. 3. s A_conmpound according .to Caim1l or
daim2, wherein $%e VIR ICTRREASAPRGOSr BLRIT & d'%tfotll | e- containing

prepol yner. 'gﬁ}sxsiv%oxane-co tainfl’.ilagi ?Eﬁ%%m:eoxgt%:gmﬁ%ises at Réagerrpound '

according to C ai erel n the po I'ng prepolyner

conprises a pol ysine @ifredthdirgpsugl oup and an additional group selected
froma fluoroal kyl group, a fluoroether group, an:al kyl ether group, an

al cohol group, a polyal kyl ene ether and a pol yfluori nated ether. 5.

A conpound according to Claim4, wherein said additional group is |inked by
ester, carbonat e, 1kar Fhencomppedsion ofcClain § ivianadn saig A
conmpound accordin tosd,S aim 3, wherein said &ol si | oxane- cont ai ni ng

pr epol ymer corrpriél%’s' aHang-cPntRRAnILY pbFeRel FOTRSAESF Btk IPAGENY|
carbonate, fluor °€Aé<>ﬂ1 '1n§lth(‘éq_r gggg e group or fl u_oroall kyl car bamat e group.-
7. A conpound ‘according to any preceding claim wherein said
styrene-containing group is selected from 4-vinyl phenyl vinyl carbonate,
4-vi nyl phenyl vinyl carbamate and 4-vinyl phenyl vinyl urea. 8. The
conmpound net hacr ylxy dihey leonpogli tdanbofaCtaimes hammdioxwatidyl vi nyl
carbamate; or nethacryl oxyethyl vinyl urea. 9. A conposi tion
prepared by pol yRRiYAidpxaneovontrining coreprslingy £onpnlsesontaianay
nmononer, optionally a,styrene-containing nononer, and optionally an

acryl i c-cont ai ni L §X¥@4Bs -a crosslinking agent a conpound
according to any preceding claim

i13. The composition of Claim 7 wherein said prepolymer

conprises at least one polyalkylene ether group;

14. The compoesition of Claim 7 wherein said prepolymer

comprises at least one polyfluorinated ether greup.

15. The compesition of Claim 7 wherein said prepolymer
comprises at least one polysiloxane-containing greup
linked to at least one polyalkylene ether¥éontaining
group thfough ester, carb_on&te, carbamate, urea or

urethane linkages.

16. The composition of Claim 7 wherein said prepolymer
comprises at 'leagt one polysilcxane-contaiﬁing group and

at least one pelyfluorinated ether-containing group
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10. ° A conposition according to Caim9, mherern the

acrylic-containing nononer is conprised of a (neth) aclm n aI kyI
(meth)acrylate group, a fluoroal kyl (et h)—acirﬁyl-at e gr J[mﬂ"ﬂﬁ[’” m
(met h)acryl am de group.

conposi tion according to laim9 or Caim 10, mhereln the
acrylic-containing nononer is 2-hydroxyethyl nmethacrylate, glycerol

met hacryl ate or Nidhkeddbhyesberylcarlnate,] zarbamatg, cURpasPT i Wrethans di ng
to any one of Clainms 9-11, wherein the vinyl-containing nonomer is selected
from N-vinyl pyrrdiRER@es. al kyl carbonate, alkyl carbamate, fluoroal kyl

vi nyl carbonate and. fluoroal kyl vinylcarbamte. - 13. A conposi tion
according to any one of Clainms 9-12, wherein the crosslinking agent S

met hacryl oxyet hyl y¥i ny n&%%&;&f?%@dw%mmwm% et

met hacryl oxyet hyl “vinyl urea. A conposition according to any

one of Cainms 9-ldompheses nat f&mmﬁ tpagraqmemeatnerhcanta:)mng
met hyl met hacryl ate, N-vinyl pyrrolidone a met hacryl oxyet hyl vi nyl

carbonate, or (||gr&upydmﬁqutIgdstnﬂﬂampqﬂmﬁl&prwnatnﬂ|epyern¢¢mknﬁninuj
met hacryl oxyet hyl vinyl carbonate. A conposi tion according to

Claim9, wherein Sﬁ@“Eo%bBE?ﬁlkﬁlQE#&FHE&%?QQFWWRyI°B§PPEPF$0H%F°%?R¥

crosslinki ng ageng contalnlng nmononer further conprised of a
(meth)acryl at e- caﬁﬁgggﬁsg(ﬂ%é%§ crylan1de capped nonomer. 16. A

conposition according to Caim 15, wherein the acrylic-containing nononer
I s a poly(organosi |l oxane) nononer represented by the formula:

18. The composition of Claim 2 wherein said vinyl=-
'containing group ie selected from the group consisting
of vinyl carbonates, alkyl vinyl carbonate;,
polysiloxanylalkyl vinyl carbonates, fluerecalkyl vinyl
carbonates, vinyl carbamates, alkylvinyl carﬁamates,
pelysiloxanylalkyl vinyl carbamates, flucoroalkyl vinyl
carbamates, vinyl ureas, alkyl vinyl ureas,

polysiloxanylalkyl vinyl ureas and fluoroalkyl wvinyl

ureas.

19, The composition of Claim 2 vherein said vinyle-
containing group is selected from the groﬁp consisting
et N—vinﬁlpyrrolidone derivatives, N-vinyl, N-methyl

. acetamide derivatives, N-vinyl,N-methyl formamide
derivatives, N=vinyl acetanmide derivaiives, and N-vinyl

formamide darivatives.
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- 64 -
activated unsatu

[err]
rated group;

mherein A isTan—

i ' each R[err] R[e Uy |y
sel ected from a nonoval ent hydrocarbon radi®al=or a ha mﬂlm E’m'] g&t X
ve

carbon radical having 1 to 18 carbon at ons€ whi cH' may

nonoval ent hydro
et her linkages b
hydr ocar bon r adi

according to d aim
pol yal kyl ene eth
according to d ai
conprises a (nmet
comosi tion acco
al kyl nmethacryl a
pol ysi | oxanyl al k

et ween car bon atons;

Rlerr] is a dival ent

cal having from1l to 22 carbon atons; and nis O
or an integer gré@-er TheafoBpesdbibntef1Clain7z wherelﬂ&ﬁﬁﬁﬁmﬁ@h&ﬂon

[ ereln t he acr
&Pﬂiﬂ R1p8) FFPHBr FRaP

lic nt ai ni nononer is a
rmﬁw %{]egm*d Trgm: &h8ogrPREN

om0 swyﬂ%)wgg;-%?n&g cSRROS i) (b IRR ey

acryla
cdppadt and em},i&;rwe
t e nononer, uoroa

yl nethacrylate nononer .

rﬁ? ﬁg%iﬁ@ﬂgylate nononer is an

at e nononer, or a
A conp05|t|on

according to Claim19, wherein the (neth)acrylan1de nmononer i s N, N—dlnethyl

acryl am de.

21. The composition of

~

19 ‘a pelysiloxane~conta

22. The composition of
polysilexane~containing

one fluorcalkyl group.

23. The composition of
polysiloxana~containing

one fluoroether group.
24. The composition of
pelysiloxane-containing

one alkyl ether group.

25. The composition of

. polysiloxane~containing

one alcohol group.

26. The composition of

Clain 20 wherein said prepeolymer

ining prepolymer.

claim 21 wherein said

prepolymer comprises at laast

Clainm 21 wherein saigd

prepolymer comprises at least

Claim 21 wherein said

prepolymer comprises at least

c1gim 21 wherein said

prepolymer comprises at least -

Claim 20 wherein said prepolymer

comprizes at least one polyalkylene ether.,

MMM —
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- 65 - 21. A conposition according to any one of Craims—15-20;--
wherein the crosslinking conposition is nmetlggc+yl oxyet ' bonat e,
met hacryl oxyet hyl vinyl carbamate or methacryl oxyet hyln"mmgmﬂgy Uu 22.
A conmposition according to any one of Cains 9-21, whereires M tion
is curable by ultraviolet radiation or by ultraviolet radiation and heat.
23. A bi onedgeal TiowienpRd’ iforo et h@aﬁﬁﬁvosbﬁéﬁé\iﬂcmdjim&ﬁdlﬁ& one
of Clains 9-22. 24. A cont'act | ens according to Caim23. 5.

A conposition preparprisss #d drepsity iong poipfiduerinaked oaghersi ng a

pol ysi | oxane- cont ai ni ng nononer and a vi nyl -cont ai ni ng nononer, and as a
crosslinking agent a conpound according to any one of Clains 1-8. 26.

A conposition accggdi i Lp_t | ysil oxane- talnin
nononer is a pol ygé'e_t h%ﬁée%%gﬂbtganltﬁ'%gwéﬁF%%Heggrg‘g%’?%fal p%%ﬁﬁezg

- 66- 2donpy LD QS tﬂéarstaaeﬁlr sbagsmﬁﬁé%%ﬁa%geiﬁ&ﬁﬁ and

pol yur et hane- cont ai ni ng sil oxane prepol ynef has the f oW ng schematic
representations: at least or( PdfalklGhe” PtReriddmtainiy group linked

E(*DFGD*A") a*D*G'DFE ; where D denotes an al'kyl diradical, an
al kyl cycl oal kyl kyreskten| carktonate;l carbdmatd] calrea avr armetisineadi cal or an
al kyl aryl diradical having 6 to 30 carbon atons; G denotes an

al kyl diradical, hi®%a9e% kyl diradical, an al kyl cycloal kyl diradical, an
aryl diradical or an alkylaryl diradical having 1 to 40 carbon

2%. The composition of Claim 20 wherein said prepolymer
comprises at least one polysiloxane-gontaining group '.and
at least one palyflﬁarinated erther-containing group

linked by ester, carbonate, carbamate, urea of urethane

linkagss.,

- 30. The compositien of Claim 20 wherein said prepelymer
cc;npri.sies at least one polﬁralkylene ether-containing
group and at least one pelyfluorinated ether~containing
group linked by ester, carbonate, éarbamate, urea or

urethane linkages.

31. The composition ¢f Claim 1 wherein saigd composition
comprises st least one vinyl-containing group and at

least one 'styrene—ccntaining éroup.

32, The composition of Claim 1 wherein.said.composition

is curable by ultraviolet radiation and heat.
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atons and which may contain ether, thio or amine |i-nkages in “the nai

[orr] 1; ™o o Gonotos & divalent pol ﬂgrl'c”‘r‘igm\\\\\\\\\r\\\\\l\m = .

[err] wher ei n: Rl err] and eTr] ind denit | \* dénot e an
al kyl or fluoro-substituted alkyl group having 1 to 10 carbon atons which
may contain ether |inkages between carbon atons; mis [err] 1

and ' p provides a noiety weight of 400 to 10, 000; E and E

I ndependent|y denote a pol yneri zabl e unsat ur at ed organic radi cal
represented by the fornula:

[err] Rer r PheHEeRPOBiEdPP PI| ELein w*t%ﬂ“ ' deiq smponiaipn

[err]-Rerr]- e eno dlvalent al kyl ene radi ca
having 1 to 10 cglﬁofﬁ‘r&b&ﬁs?’y ultRLme ﬁs ’Tes Hor CHerr];

Rlerr] denotes H a ((err]-Cerr]) aIkyI radlcal or a CI>Y¥R[err] gr oup
wherein Yis -0-, -S- or -NH and Rerr] is an alkyl radical having 1 to 12

car bon at ons; 34. TheXcompotitioh afClainm 1 whereir datid @omposillijon

Ar denotes an aromatic radical having 6 to 30 carbon atons; wis O
to 6; x dss upedr to, make biomedicsl odevigesand zis 0 or 1.
28. A conposition according to Claim27 wherein the prepolyner is
represented by the fornula: [err]

35. The composition of Claim 1 wherein said composition

is a crosslinking agent.

36. The crosslinking agent eof Claim 35.wherein saiad
crosslinking agent is selected from the group consisting
of methacryloxyethyl vinyl carbonate, methacryloxyethyl
vinyl carbamate, methacryloxyethyl vinyl urea, 4-
vinylphenyl vinyl carbonate, 4~vinylphenyl vinyl

carbamate, 4-vinylphenyl vinyl urea.

37. A qupasition prepared by polymerizing a manamer'
mix comprising at least one acrylie=containing wmonomer,
at Jjeast one vinylecontaining monomer and a eresslinking
agent having the schematic fepresentation:
Afar
Iy
L Rt
Sge Vs
wherein
v denotes.a‘vinyl-containing group hiviné_the
formula: | |
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-68--  wherein: Rlerr] is a diradical of a-diisocyanate after
renoval of the isocyanate group, and m p and a are: as deflned‘lﬂ clalm
27. 29. A conposition according to g|a|n128 is Yhe
di radi cal of isophorone diisocyanate. 36! !@(@ iml ng -
to any one of Cainms 25-29, wherein the conp05|t|on fur tthet
(meth)acrylate- or (neth)acryl am de-capped hydrophilic nononer.

A conposition according to Caim 30, mherel the (meth)acryl at e- capped
hydr ophi lic nononmer is selected frcnﬁderlv ﬁlves of al kyl methacryl ates,

2- hydroxyet hyl nethacryl ate, glycerol dga. acrylate pol ysi | oxanyl al kyl

met hacryl ate and fluoroal kyl nethacrylate.™ ' 32. A conposi tion
according to any one of Cains 25- « Wher @~g-¥Rhe pol ysi | oxane-cont ai ni ng
nononer further conprises a fluoroal yI cont 8 ni ng nononer, a

f1 uor oet her - cont ai ni ng mononer or an al cohol -€@ont ai nihg nononer. 33. :
A conposition according to Caim30 or Caim3l,- wherein said hydrophilic
nmononer is N, N-di nmet hyl acrylanide or its derivative, or methacrylic

3ﬁggéin ?ﬁé polysﬁlgg gaﬁﬁﬁgﬁf ék#¥§§é%o%?§i§9§%ﬁi§pé§) %giﬁéganylalkyl

(et h)acrylic noggeghzgaving the formul a: - 69 -
Rsl Rsi
\ 7/
o=t
z Cl \R
e . - 7'
W

$ denotes a styrene-containing group having the

formula:
Rgr Ry~
Yee”
. t
~ ~
Rio’ Q- i
wherein

Ry- is an alkyl radical derived from substituted .
and unsuhstituteq hydrocarbens, palyalkylene oxide,
poly (perfluore) alkylene oxide, dialkyl-capped
palydimetﬁ&lsiloxane, dialkyl-capped
polydimethylsiloxane modified with fluordalkyl or
fluoroether groups; | _

Ry +=Ryp’ are independently H, or alkyl of 1 to 5

carbon atons;
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[err] wher ei n: Xis 0 or NR

i ndependently hydrogen or nethyl; and - €9 each I:I[Ilﬂ"” Islil" llg ”!ll

i ndependently a | ower al kyl or phenyl group; and to .
10. 35. A conposition according to Cla|n134 mhereln t he bul ky
pol ysi | oxanyl al kyl (neth)acrylate prepolymer is selected from

met hacryl oxypropyl tris+yg (i A#ReReatibog¥stp! @8ftaining azomatic moieties
pent anet hyl di si | oxanyl et hyl - net hacr yt at e,
tris(trimethylsiloxy)nethacr Wawingpeepyl eagsbbanstons ;

phenyl t et ranmet hyl di si | oxanyl ethyl acetate, and

met hyl di (tri met hyl sil oxw.nébhmdylzokyﬁenhﬂﬁpenﬂmbly O, NH or 81 36. A
conposition according to any qne of ¢l ai ns25-35, wherein the

vi nyl-- cont ai ni ng nnnoneﬁ’|§‘21V|HFIh&gﬁeHrnEFﬂyl 2- oxazol i n-5- one.

37. A conposition according J,0 r

vi nyl - cont ai ni ng m)nomeg’ i’s Btselaggyégﬁg}bgﬁ?%?§gs?%€a€% %ﬁ &I nyhﬂﬁl to
carbonates, polysilpxahd WK gnyl &gggeggtgﬁnnpg*yﬂdﬂxwllal kyl - vi nyl
ur eas, carboxyllc aC|d cont ai ni ng vinyl carbonates, carboxylic

aci d-contai ni ng vi nyl carbanates and carboxylic aci d- contalnlng vi nyl

ur eas. - 70 - A conposition
according to any ord®.of Acenpesisiss, prepared bﬁepniynariﬁimgahnmngonenoner
il oxane prepoly A conposition,

I
;icgr é; % tgog Z} 21'1@3‘ M’-’éﬁ%ﬂghétvP-ﬁ?F;cBﬁFaFm%%qW&He”BPBHBFyrrer
I's a silicone-contgiyning M e AP0 . nYhE Ve kM2 W 16ast one

styrene-containing monomer and a crosslinking agent

having the scherxatic representationt

A'a'
i
Ryr
»”
sa' VVF

whereain

V denotes a vinyl-containing greup having the

formula:
Rar R4c
-~
\c-C
\
Rpe KwQuym
|
o) :

A’ denotes an acrylic—coptaining group haﬁing-the

formula:
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represénted by the fornul a: [err] — —____wherein:
Y' denotes -0-, -S- or -NH; Rl err] denotes a silicone-contaimimg

SO T ol T

Si(CSi(CHerr])[err],CHerr])[err];

wher ei n: R err] denotes "0 Jerr] &
(OCH err])[err]-0O C CH=CH2 ereip B’ is 1 to 6;
Rlerr] denotes an alkyl radical or a flu kyl radical with 1 to 6 carbon
at ons; e is 1 to 200; s M\is 1,2, 3or 4 and
m is 0, 1, 2, 3, 4 or 5. -Z = Rys
0. 5

g denotes a styrene-containing group having the

formula:
Rg ¢ Rgl
\
c=c"
/SN
Rig/ Q- H
wherein

Ryr is an alkyl radical derived from substituted
and unsubstituted hydrocarbens, polyalkylene oxide,
poly{perfinore) slkylene oxide, dialkyl-capped
polydimethylsiloxane, dialkyl-capped
polydimethylsiloxane modified with fluerocalkyl or
fluorogther groups;

Rz/-Rjp’ are independently H, or alkyl of 1 to 5
carbon atoms:

Q is an organic group containing aromatic moieties

having €6-30 carbon atoms:

X, Y, and Z gre independently O, NH or 5;

v’ is 1, or higher: and

at, ' are inaependently greater than or equalfto

0, and a’ + s’ is greater than or equal to 1.
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Rl err] denotes hydrogen or nethyl; dis 1, 2, 3 or 4 and - -

gis 0 or 1. 40. A conpositign according 1 ein

t he vi nyl -cont ai ni ng pol ysi | oxane prepol"ym;-r'i s a sili iﬂmm‘mnmmmﬁnl nyl .
carbonate or carbamate selected from ALY B -

1, 3- bi s[ 4-vi nyl oxycar bonyl oxy) but-1-yl)tetranet hyl - disil oxane;
3-(trinethy|siI¥I)propyI vi nyl carbonate;, 3- (vinyl oxycarbonylthi o)

propyl [tris (tr3%et quqmﬁ;.)txorgmr&ﬁér,ed by polyderiiing a nonomer
3-[tris(trimethylsiloxy)silyl]lrrqpyl .vinyl carbamate:, ._. '

T ltrisiri mot AR SO eng ol AR Bk, pEfEPRErpataining monamer,
3-[tris(trinet i j Is CRERNGRAL €a i

t - but yl di et hylhgtil' Isioiifg)rﬂé ﬁ‘]r!lﬁlq?gh%é%gtxgg faé{?mat hy ré? I%/Iceﬁ%syﬁli\ﬂknlﬂg
carbonate; trinsgént Hdwilng ERibaaticnyepeasbntet fone: and "Vierr]Derr]",
represented by the follow ng formula: [err]

41. A conposition according to Claim 39, wheAgin the vi.nyl-containing

pol ysi | oxane prepol yner conprises urethane, #&rea, ester or carbonate

| i nkages. Rye 72 - 42. A
conposi tion according to Caim39 or Claiwr41,‘hherein t he vinyl - cont ai ni ng
pol ysi | oxane prepol ynmer conprises a fluﬁﬁbalkyl-é%mhajning group, a

f1 uoroet her-conpaining group or an al cohol -containi ng group.

43. A conposition according to any one of Clains 25-42, wherein the
crosslinking agent vy genst®sSal %h?d-&&ﬁ&ﬂﬁiﬁ@?%ﬁﬁﬁwf%g iy |

carbonate, nethacryl oxyethyl vinyl carbamate and nmet'hacryl oxyet hyl vinyl

ur ea. formula:
Rjy¢ Rgv
\
C=C
~ Y

Rp: X=C=Y=
{1}
0 H

A’ denotes an aerylic-centaining group having the

formulas
T Rg»
A\
C=C
7N
==l Ry
i

0 ;

s dgnotes a styrene-gontaining group having thé

formulas
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44. A conposition according to Caim?25, wherein the conpoesition is
conprised of methacrylate- capped pol ysiloxang, 2 ponS|onanyIaFE‘F“-~

met hacryl ate, N-vinyl pyrrolidone and said crossllnklng
optionally N, N-di nethyl acrylam de and/or 2-vinyl-4,4- ’" ﬂr
di met hyl - 2- oxazol i n- 5- one. 45. A conp05|t|on accoﬂdlng alm

25, wherein the conposition conprises %1ﬁlxwo %F yl nodified
met hacryl at e- capped pol ysi | oxane prepo uor oal kyl

met hacryl at e-cont ai ni ng group, N-vinyl. pytgglldone and sai d crosslinking
agent and optional 'y 2-vinyl -4, 4-djnet i\ - 2- oxazol i n- 5- one,

46. A conposition according to C ai m2Rygwherei Q-the conposition -conprises
a met hacryl at e- capped quoroether-nDdified pol ysi | oxane, a (meth)acryl ate-
or (meth)acryl an dewkergdini ng nononer, N-vinyl pyrrolidone and said
crosslinki ng agent

wherein the (meth) écryl a?dﬁei%cﬂﬂ zﬂ]rﬁyﬂ;%%?r?ﬁ'é gf§fﬁgﬁ%??gﬁ’r‘% g&%ﬁ]ﬁém de.

48. A conposition aAgonpri ses
a vinyl carbonat e- %ﬁ VI ny ca ana ghégﬁbggségkyékgg§an§ repo ymel, a

pol ysi | oxanyl al kyl NIV n&RtResdE ﬂmﬂ@ntaaemaemwml%a\ym
pyrrolidone, an acrylic- contalnlng monomer and sai d crosslinking agent.

49- A conposi tion apsbydilmettyl €1 oxants, de&kglactbpe@olyS|onane
prepol yner further conprises a quoroaIkyI contai ni ng_group

f1 uor oet her - cont ai rpetydivathylsilnxane siesitiga with n@%ﬂﬂﬁikﬂ or
50. A conposition accordl éﬁto Claim48 or Caim49 wherein the

acrylic- contalnlng & SHBHR%d from N, N-di met hyl acryl ani de and
glycerol nethacrylate. sz-Rloo are independently H, or alkyl of 1 te 5

carbon atoms;
¢ is an organic group containihg aromatic meieties
having 6-30 carbon atoms;
X, ¥, and Z are independently O, NH or 8;
v’ is 1, or higher; and .
a’, s’ are independenfly greater than or agual to

0, and a’ + 8’ is greater than or egual to 1.

40. The composition of Claim 37 wherein said acrylic-
containing monomer is comprised of at least one

(meth)acrylate group.

41. The compositien of Claim 37 wherein said acrylie-
eoentaining monamer is comprised of at least one alkyl .

{meth)acrylate group.

\- - .
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51. A hydrogel prepared by polynerizing a nonomer mXx: c
met hacryl oxyet hyl vinyl carbonate, N-vinyl pyrrolidone, m’ Mﬁiﬂﬁ”mn}
net hacrylate; (ii) Nvinyl pyrrolidone, 2-vid@ =4, 4- HW
di met hyl - 2- oxazol i ne-5-one, N, N-di nethyl acryl am de, and nethacryloiyefhyl
vinyl carbonate; or (iii) [err]-wBis- (nethacryloxyal kyl) polysil oxane,

3-met hacryl oxypropyl tris(trinethylsjloxy)silane, N-vinyl pyrrolidone, and
met hacr yl oxyet hyl vARyl TheeimReSition of Claims37 WhEFEABJFRER XY LEETade
froma conposition accgad qggto an of Cl g om a hydroge

5
according to Claim$ ini monmx%% %%ﬁr&&gﬁl 8% gcgfﬁ‘ﬁ %o Caim

52. - Qxﬂ[ conpr|5|ng the steps of:
(a) formng a nonone?un1égc |ng an Cr gﬁbo talnlng nononer, a

vi nyl ; cont ai ni ng nononer and optlonally a styrene containing nononer wth,
as a crosslinking agent, a conpound according to any one of Cains 1-8;
(b) curing the m x43f sTwe ¢u@p¢sﬁﬁxnnnuf[nﬂq¢ueﬂ7 whdrein said actydic-
hydrating the polymer produced in (b) to forma hydrogel. A
net hod accordi ng t oCeNRRIMEAY RERORSH i e-Rydroxaethy LN*E%#%EN%#te-SG

A met hod according to Claimb54 or Cla|n155 wherein the crosslinking agent
I s nmet hacryl oxyet hyl vinyl carbonate. A nmet hod according to

Cl aim 56, wherein t hy, pgﬁ r I ate
and N-vinyl pyrroli gne ﬁg?@?ﬁ%ﬂ%&f%y rroﬁciﬂ Pﬁgggxécgé/f%t%wﬁp(l i)
2-vinyl -4, 4- di met hybege ¥ 9%':51&5::5510% fql ﬂ&ldhsehm-ymw am de; or
i err]-w Bi s- (nethacryl oxyal ky pol ysi | oxane and
( ) [ ] - w Bi (meth I kyl) I
3-nethacry|oxypropyl tris(trinmethylsiloxy)silane.
45. The compoaition of Claim 37 wherein said acryliec-
containing monomer is comprised of at least one

(meth)acrylamide group.

46. The composition of Claim 45 wherein said

(meth)acrylamide is N,N-dimethyl acrylanide.

47. The composition of Claim 37 wherein said vinyl~
containing monomer is selected from the group consisting
of N-vinyl pyrrolidone, alkyi carbonate, alkyl-
ﬁarbamatg, fluorcalkyl vinyl carbonate, and fluoroalkyl

vinylcarbamate,

48. The compasiiion of Claim 37 wherein said
crosslinking agent is selected from the group econsisting
of methacryloxyethyl vinyl carbonate, methacryloxyethyl

- vinyl carbamate, and methacryloxyethyl vinyl urea.
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75 56. A contact |ens nade fromthe conposition off Claim 37. 57. The
conposition of Caim37 wherein said conpdsi?td on cogmumlﬂ"“m m'!”lnre
pyrrolidone, said crosslinking agent, and an acryli ﬂ

further conprised of at |east one (meth)acryl ate-capped Cort

(et h) acryl am de- capped prepol yner. 58. The conposition of Cla|n157

wherein said prepolyner is a poly(organ05|loxane) prepolyner r epr esent ed
by the formula: Ais

an acti vat ed unéatdPéteEhﬁrSBﬁP°§ﬁE%P%1 %ﬂquggi Hpeﬁﬁfﬂegg#gan acrylic or
a methacrylic aci d’crnss nﬁi‘ﬁ% %?ﬁi]i%[%ﬂcé EEQ‘Q‘EpEHQe&%Nps@é] {8 fef OM

the group consisting o ocar bon radi cal ogen

substituted nonovalegnlig-4y 4y PERERPD fﬁwpa&arﬂwﬂt@g 1—&52:151@%[ ppmﬁiﬂms

whi ch may have ether |inkages between carbon atons err]
di val ent hydrocar bearbagiate, andi sevivylplienyl vinyl urea.

50. The composition of claim 37 wherein said
composition comprises methylmethacrylate, N-vinyl

pyrrolidone and methacryloxyethyl vinyl carbonate.

51. The composition of Claim 37 wherein said
compositicn comprises 2«hydroxyethyl methacrylate, N-
vinyl pyrrolidqne and methacryloxyethyl vinyl carbohate.

52. The composition of Claim 37 wherein maid

composition is oxygen permeable.

53. The composition of claim .37 wherein said
composition is curable by ultraviolet radiation and

heat.

54, The composition of Claim 37 wherein said

tcomposition is curable by ultravielet radiation,

55. A biomedical device made from the composiiten of

Clain 37.
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to 22 -carbon atoms; and Umm)mnﬂmmm,”m
0 or an integer greater than or equal to 1~ 985 59. The ai m

57 wherein said prepolyner is a polyalkylene ether. = 60.° THe onpostti on
of Claimb57 wherein said prepolyner is a polyfluorinated ether. 61. The
conposition of Claim57 wherein said conposition further conprises at

|l east one (meth)aggyl af Gt MaldamgonTeReNBorposiblon dh&Clain
conposition of Claim6l whereirn said (nmeth)acrylate nonomer is an al kyl

met hacryl ate nononk?. 63. The conposition of Caim61 wherein said
(meth)acrylate nmononer is a fluoroal kyl nethacrylate nononer. 64. The
conposi tion of Caim61 wherein said (nmeth)acryl ate mononer is a
polyglloxanylalkyls7' The composition of Claim 37 wherein said
=umpositien_comprises_ﬁ-vinyl-pyr:olidone, said
erosslinking agent, and an aecrylic-containing monomer
further comprised of at least cone (neth)ncrylate—capped'

or (meth)acrylamide-capped prepolymer.

58, The composition of Claim 57 wherein said prepolymer

is a poly(organosiloxane) prepolymer represented by the

formula:
Rs RS R3
{
A~(R7) -s;-— [O-sz.]n-o-si- (R7) =2
. R‘ Rs R4 :
wherein:

A is an activated unsaturated group, such as an
ester or amide of an acrylic or a methacrylie acid;

each RI-R® iS'independently selected from the group
consisting of i monovalent ﬁydrocarbon radical or a
halogen substitutéd nénavalent hydrocarbon radical
having 1 to 18 carben atoms which may have ether
linkages betwean carbon atoms:

R is a divalent hydrecarben radical having from 1
to z2 carbon atdﬁsi_

and

—_—_—

—_—
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met haeryl at e nononer. 65. The conposition of Claim |n said

(met h)acryl am de nononmer is NN-di net hyl acryl am de. . IWI"@EILEI’ gl!”“"l

77 66. The conposition of C aim57 wherein s& d crosslin 4 S =
sel ected fromthe group consisting of nethacryloxyethyl vinyl carbofate, '
met hacryl oxyet hyl vinyl carbamate, nethacryl oxyethyl vinyl urea, 4-

vi nyl phenyl vinyl carbonate, 4-vinylphenyl vinyl carbamate, and is
4-vi nyl phenyl vinyl ured i5 O5pr shelRbedesidrentes thadl Sr-PIPpdr SPnisai d
conposition is oxygen perneabl e. 66. The conposition of Caim57 wherein
said conposition is curable by ultraviolet radiation and heat. 67. The

compositi on of O aigs 57 $4ietRhBaBat Son OFTER L) UY he¥idPs 1Y pUbbERYREL ot

radi ati on. 68. A bionedi cal "device ma romthe conposition o
57. ie a polyalkylene ether.

60. The composition of €laim 57 wherein said prepolymer

ie a polyfluerinated ether.

§1. The ecomposition of Claim $7 wherein said
‘cémposition further comprises at least one

f(meth)acrylate or (meth)acrylamide monomer.

62, The composition eof Claim 61 wherein saiad

(reth)acrylate monomer is an alkyl methacrylate monomer.

63, The composition of Claim &1 wherein said
{meth)acrylate monomer is a fluoroalkyl wethacyylate

nonomar.

64. The composition of Claim 61 wherein said
(meth)acrylate monomer is a palysilaxanyl#lkyl

nethacrylhte moenomer.

65. The composition of Claim 61 wherein sajia

{meth)acrylamide monomer is N,N-dimethyl acrylamide.
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69. A contact Iens nade Ti'om the Conposi titi of T ai m? 70. AT =

oL e b T e IR

pol ysi | oxane- cont ai ni ng nononer,

at | east one vinyl-containing nononer, and at |east one crossllnklng
agent of the schemat ies.r ephessipabititn of Claim 57 wherein said [err]
wherein V denot e i nyl -containin ro vi ng t he
for rrul a: . crossis.il%c:. XFE?? ]r}.s selecq:.e% t?n e g %&f:ggi%ﬁ;ng
acrylic-containing gr3upebR¥é:RAdkPethyl vihel BarBonate, methacryloxyethyl

‘e vinyl carbamate, méthacrylokyathyl vinyl urea, 4~

vinylphenyl vinyl carbonate, {~vinylphenyl vinyl

carbamate, and is 4~vinylphenyl vinyl urea.

. 67. The composition of Claim 57 wherein said
eonmposition is eaxygen permeable.

66. The c:ompositieh of Claim 57 wherein said
composition is curable by ultraviolet radiation and

heat.

67. The composition of Claim 57 wherein said

compesition is curable by ultraviolet radiation.

€8. A biomedical device made from the composition of

Claim S7.

69. A contact lens made from the composition of clain

57.

70. A composition prepared by polymerizing the monomer
mix comprising at least ane (meth)acrylate-capped or

(meth)acrylanide-capped polysiloxane-containing monomer,
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havi n tﬁé_“m _
A A+
unsubsti tuted hydrocarbons, polyal kyl ene oxi de, poly(perfluoro) afkyFene ‘

oxi de, dial kyl -capped pol ydi net hyl si | oxane, di al kyl - capped
pol ydi net hyl si | oxage Tesli ik W iny fHootediniys Benorexordid i JdGipone

[err] - S denotes a styrene-containing
formul a: - 789~ ' ?E
wherein Rlerr], is an alkyl radical derived from

Rlerr]-Rerr], are independently H or alkyl of 1. {to 5 carb t QITS;
Qis an organic grespssbikimg mgenbmf ithenwmebepatic represeéggﬁiqnﬁg 6- 30
carbon atons; X, Y, and Z are independently 0, NH or S V' IS
1, or higher; and a', s' are independently greater than or- equal to

A'a' )

{

Ry«

N
SSI v-v’
wherein

v denotes a vinyl-centaining greup having the

formula:

Ry Ryv

N
Q=
o LN
Rpr - X=CeY~
|
o] i

A! denotes in acrylic-containing group having the

formula:
Rs ’ Rs ’
\ /7
CBC\
7
-2-C Ry:
)
= H

g denotes a styrene-containing group having the

formuia:
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0, and @ + s' is greater than or equal to 1. ~~~71. The conposition of ="
Cl aim 70 wherein said polysiloxane-containing mononer js a. polyurethane-

si | oxane prepol yner-. 72. The conpositionrdf € aim 70 wherein said

pol yur et hane-si |l oxane is represented by the foll ow ng rm
representations: 80 ci mﬂnm"l" "I'I ,”“,
E(*DFA"*D*G a*D*A"*D*E' ; or DG D*AS) atD* G DX E'~
wher e D denotes an al kyl di radi c¥8’ an 9Ky| cycloalkyl diradical, a
cycl oal kyl diradical, an aryl diradical 'B‘Q_can al kyl aryl diradical having 6
to 30 carbon atons; - G denotes an 'a¥kyl Wiradical, a cycloal kyl

diradical, an al kyI cycl oal kyl diradi cdipran ayl dirddical or an

al kyl aryl diradical hﬁ‘ g 1 to 40 carbon atonms and which nay contain
ether, thio or am ne ages in the main-chain,; * denotes a
urethane or ureido |inkagRis is an alkyl xediesltdetived from/subrtituted o

divalent pol yneric radlcalség f%&gggfﬁﬁdracarbnns, polyalkylene oxide,

poly(perfluoro) alkylene oxide, dialkyl-capped
polydimethylsiloxane, dialkyl~capped
polydimethylsiloxane modified with fluoroalkyl or
fluoroether groups;

Rps~Rjg+ are independently K, or alkyl of 1 to §
carbon atoms: - )

@ is an organic group containing aromatic moieties

having 6-30 carbon atoms;

X, ¥, and 2 are independently O, NH or u;

vf is 1, or higher; and

a’, s’ are independently greater than.ar egual to

0, and a* + s’ is greater than or egual to 1.

7). The composition of Claim 70 wherein said
polysilexane-containing monomer is a polyurethane-

siloxane prepelymer.

72. The composition of Claim 70 wherein said
polyurethane~siloxane is represented by the following -

schematic representations:
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[err] *~ wherein: R err] and R err]] independently denote an al ky
or fluoro-substituted al kyl group having | 1% 10 car bon“mm)mnumlmm
contain ether |inkages between carbon atons;

and p provides a npiety weight of 400 to 10, 000;° E’and E
I ndependent|y denote a pol ynerizable unsaturated organic radical
Eigrfzfp}ed by fornul a: E(*D*A“*D*G)a*D*A“*D*E'§1or

R err]- CH=C-(CH[err])[err] (X)[err]- ?éﬁf{déhav)%‘ﬂa%* DRE’; wher ei n:

Rlerr] denotes a divalent alkylene ra to 10 carbon at ons;

Rlerr] denotes H ogheleerr]; R err]13 denotes H a
(derr]-derr]) alkyl radical or a -COY-Rerr]5 group wherein Y is -0-,
-S- or -NH and R1I5is D danatk;lanaunkxa diradigal ,t anl21kylboycivabiyl
Xis -CO or -0OCO; Zis -0- or -NH; Ar denotes

an aromatic radi cadiFadisgle 905391°31¥¥#tﬁifﬁﬂkﬁ%§: an aryl diradjeal or;,
6; an alkylaryl diradical having 6 to 30 carbon atoms;

G denotes an alkyl diradical, a cyclealkyl
diradical, an alkyl cycloalkyl diradiecal, an aryl
diradical or an alkyvlaryl diradical having 1 to 40
carbcn atoms and whlch may contain ether, thie or amine
linkagea in the main chain;

* denotes a urethane or ureido linkage;

a is at least 1;

A" denotes a divalent polymeric radical of fornmula:

RS RE
i }

~{CHa)m 8i-QT——8i——(CHz) o~
gs' p %5'

wherein: R® and R®' indepeﬁdently dencte an alkyl
or fluoro~substituted alkyl group having 1 to 10 carbon
atoms which may contain sether linkages between carbon
atoms? _ |
m is at least 1; and
P provides a moiety weight of 400 te 10,000
E and E’ independently denote & polymerizable
unsaturated organic radieal represented'by formula:

T —
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x is 0 or 1; y is 0 or 1; and zis 07or 1.

73. The conposi ti on of Claim 72 V\/nerel n sai-« 812 ~pol y
prepol yner is a met hacryl at e- based ur et hane prepo miﬁm’msﬂm lby .
the fornul a:

wher ei n: R[err] is a diradical of gy4lii socyanate after renoval of
the isocyanate group, and is nost prefergbly the diradical of i sophorone

di i socyanate and .m p and a are RII-cE=Ce(CHs)y~(X)3~(2) 2= ("r)}"‘n“
: wherein: R14 denotes a aivalent alkylene radical
. :  having 1 to 10 carbon atoms;

i R12 denotes H or CH3;

R13 denotes H, a (C3-Cg) alkyl radical or a
-c0-Y-RY5 group wherein ¥ is ~0~, -§- or -NH- and RS is
2 alkyl radical having 1 to 12 carbon atoms;

X is -0~ oY -DCO-;

Z i5 -0- or ~NH-;
| . Ar denotes an aromatic radical having 6 to 30
' garbon atoms:

E w is 0 to 6;
x is 0 or 1;
¥ is 0 or 1; and

z iz 0 or 1.

73, The composition of Claim 72 wherein said
polyurethane-siloxane prepolymer is a methacrylate-based

urethane prepolymer represented by the formula:

e —
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the sane as previously defined. 74. The conposgit] erein
said vinyl- containing monomer is N-vinylpyrroli dH ll I
83 75. The conposition of Claim 74 wherein said urt her

conprise a (neth)acrylate- or (neth)acryl ani de-capped vvettl ng m)norrer
76. The conposition of O aum 75 wherein said (nmeth)acrylate-containing
nononer i s selected from Ihe group conS| sting of derivatd ves ,pf al kyl
met hacryl ate, 2-hydr8 hyl tha ryl atje, gl ycerol net | At e,
pol ysi | oxanyl al kyl et hacdokal&x l@@niﬁlﬁmbkgdﬁzomiﬁmqﬁa{’ NCO (FH2) Fhe
conposition of Caim71 vmerel n dqaild polyisi | oxane- cont % ni ng r
further conprises at |east one f ®or oal k¥ - cont ai ni ng group/gg;ﬂ@e
conposition of daim71 2 wherein said polysiloxane-contai ni"ngRirsictEn

further conprises at |east one fluoroether-containing group. A9, The '
conposition of Claim71 wherein said polysiloxane-containing non

further conprises at - ’ p,,.-.

CH;-SI.’L-CH:.,
(CHZ) n -’
a

CHjy
HgC=(|:, t‘x x|i B H
coocnzcazocu-nie-ncocnzcnzocazcazo:iu-n“mﬁo
5 o o )

wherein:
R16 is a diradical of a diisocyanate after removal

of the isocyanate greup, and is most preferably the
diradical of isophorone diisocyanate, and m, p and a are

the same as previously defined.

24. The composition of Claim 70 wvherein said vinyl-

gcontaining monomer is N-vinylpyrrolidone.

—_—
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| east one al cohol - cont ai ni ng group. 80. The conposition of Clain175

wherein said (neth)acrylam de-capped wettingggoaoner "mm”'
acrylam de or its derivative. : ﬂmﬂ .
conposition of Claim75 wherein said- (nmeth)acryl ate- cappedcméttwngsnnnoner

I's methacrylic acid 82. The conposition of Claim71 wherein sai d
pol ysi | oxane- cont aizy Ng ¢RN d tqbguEchngkysgIﬁﬁéggiﬁd&gdd

(meth)acrylic nononer represente forml a:

[err] quauﬁd:itxen nxyl$u&tnerNEbmpriseeachnithfnnnytqmandeut|y
hydr ogen or nethyl; and each R err] is independently a | ower alkyl or
phenyl group; and (met})acrylamide-capped weBBingHeonome®sition of Cl aim 82
wherein said bul ky

76. The conpositinn.of Claim 75 wherein said
(meth)acrylate-containing menomer is selected from the
group consieting of derivatives of alkyl methacrylate,
2-nydroxyethyl methacrylate, g;ycerol methacrylate,
polysiloxanylalkyl methacrylate and fluorcalkyl
mathacrylate.

77. The composition of Claim 71 wherein saig
polysilexane-containing monomey further comprises at

least one fluorcalkyl-containing group.

78. The composition of Claim 71
2 wherein said polysiloxane-containing monomer further

comprises at least one fluoroether-containing group.

79. The composition of Claim 71 wherein saida
pelysilexane-containing monomer further comprises at

least one alcohol~-containing group.
80. The coupesition of Claim 75 wherein said

(meth)acrylanide-capped wetting monomer is K,N—dimethyl

acrylamide or its derivative.
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pol ysi I'oxanyl al kyl (nmeth)acryl ate nononer is selected fromthe group

pent et hyi i st oxanyl met hyt nethacryiate, ot (T HAAALAED
* [ L *

tris(trinmethyisiloxy)nmethacryl oxy propylsilane, _

85 phenyl tetramethyl di siloxanyl ethyl acetate, and methyldi
(trimethylsiloxy) nqlhacweo“%ggxilghl@@%laim% W gag gt | on of Caim
70 wherein said vinyl-containling nmonomer 1s 2-vinyl-4,4-dinethyl -

oxazol i n-5- one. (&Eth'ﬂa«:m&nescappedweﬂﬁig‘nﬂﬁim éJmedcwmilb'
cont ai ni ng nononer is selected fromthe group consisting of

pol ysi | oxanyl al kyl Aed@ carbonates, pol ysil oxanyl al kyl vi nyl carhamat es,

pol ysi‘l oxanyl al kyl vi nyl ureas, carboxylic acid- containing vinyl.

car bonat es, carboxylic acid-containing vinyl carbamates, and carboxylic

aci d-contai ning vi as. he CQNPASiId 0n .Qf . LM.70 wherein

said vinyl- cont a%'ng%n%ﬁgpc'lsggé"gi ﬁfll%ﬁ i%i‘ﬁ’gf%ﬁd%giaf%xane

pr epol yner. pelysiloxane-containing monomer is & bulky
polysiloxanylalkyl (meth)acrylic meonomer represented by

- the formula:

&1
14
_ R -ﬁx—R
R 0 R
s Loy,
HoC=C-C~X=(CHa) f-.'-.'il-O-S iR
B : A |
o o r!
{
Rle~ gi-gi
a1

wherein:
X is 0 or NR;
each R is independently hydrogen or methyl: and
each R} is independently a lower alkyl or phenyl
group: and
£ is 1 or 3 te 10,

83. The composition of Claim 82 wherein said bulky
.pelysilexanylalkyl (meth)acryliate mcnamef is selected
from the group eonsiéting of methacryloxypropyl -
tris(trimethyleiloxy)silane,
pentamethyldisiloxanylwmethylmethacrylate,
tris(trimethylsiloxy)methacryloxy prépy;silane.'
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87. 'The conposition of Caim86 wherein said vinyl- containing

pol ysi | oxane prepolyner is a silicone- contagging vin nyI
car banmat e monomer represented by the fornul a: “'mmmfmym’f !'
1 2 MAR 86 mhereln dena

-0, -S or -NH; Rlerr] denotes a silicone- contalnlng organlc

radlcal havi ng tgﬁpeﬁ&FF%QraTethyldls110xany1e€4§9H%ﬁF%b @) ana

Si[(CHerr][err]

Si [ CSi CH err er 1 ., and
-Ral (CHerr])[ Ebtﬁﬁ§é§(%%i?ﬁthylﬁglax¥%mﬁiﬁade%ﬁzgrgfﬁﬁ siQunElo

denotes 0
. 84. The composition of Claim 70 wherein saijad
vinyl-containing monemer is 2-vinyl-4,4-dimethyl-2-

cxazolin-b~0ne.

85. The compesition of Claim 70 wherein said vinyl-
containing monomer is selected from the group consisting
of polysiloxanylalkylvinyl carbeonates,
polysiloxanylalkylvinyl carbamates,
polysiloxanylalkylvinyl ureas, carboxylic acid-
centaining vinyl carbonates, carboxylic acid-centaining
vinyl carbamates, and carboxylic acid-ecentaining vinyl

ureas.

86. The composition of Claim 70 wherein said vinyl=~

containing monomer is a vinyl-containing polysiloxane

PrapolyRmer.

87. 'The vomposition of Claim 86 wherein said vinyi-
containing polysiloxane prepolymer is a silicone-
contgining‘vinyl carbonate or vinyl carbamate mononmer
represented by the formula:

Rr® 0

| ] .
CHz=C~ (CHp) g~0-C-¥' r81
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-(CH2 ) p p-0-CCH=CH2 wherein p' is 1 to 6 Rl 1 denotes an al kyl
radi cal or-a fluoroalkyl radical with 2 to 6 &arbon atomns; eisTto

200; n is 1, 2, 3 or 4; m is 0, 1, 2, 3, .
Rl err] denotes hydrogen or nethyl; dis 1, 2, 30ﬂmmﬂﬂ"j""”m,"ﬂ!’l
is 0 or 1. . 87 88. THe Eonpos tison=0f
Cl ai m 86 wherei n saiwheFedpr- cont ai ni ng pol ysil oxane prepolyner is a
silicone- cont ai ni ng v%qyl carbonate or_vin Izﬁfnbanate nononer
sel ected fromthe group Son8PRPFRY TP~ 51y FNA=/
vi nyl oxycar bonyl oxy) but - ,,sil -4 Si PR . .

koY) GbEL RSt MLLieSNeMMRandng. praapis: B2iFahy -

(trimethylsilyl)propyl vinyl carbona Vi nyl 0x

[tris(trinethylsil omayipy &Rel feBmuiaftris(trinethylsiloxy)silyl] propyl
vi nyl carbamate; 3- [tris(trinmethylsiloxy)silyl] propyl allyl carbamate;
3- [tris(trinethylsiloxy)silylzpsrsd)yi BA[ (@RNITHY] At - :

but yl di net hyl si | oxyet hyl vinyl carbonate; trimethylsilylethyl vinyl

car bonat e; trimethyl silyl methyl v{®§3)paidasidChang CHpdgr]| P err] ",

”311
1
= (CHa) 181 R10; and
| 12
Falll pll
{ !
= (CHy) 11840183~k
Léll e Rl

wherein:

R10 denotes

4]
-(CH;)Pr-O—g—CH-Cﬂg

wherein p* is 1 te 6;

Rll'denotes an alkyl radical or a fluoroalkyl
radical with 1 to é carben atoms:

e is 1 to 200;

n’ is 1, 2, 3 or 4;

w* is 0, 1, 2, 3, 4 oY 5;.

R® denotes hydregen or methyl:

a is 1, 2, 3 or 4; and

g is 0 oxr 1.

S
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represented by the follow ng forml a: [err]

| 89.
The conposition of C aim86 wherein said vinhgy . cont l lu
pol ysi | oxane- cont ai ni ng prepol ynmer conprises uret ha_nt, ﬂ m"”"u"m,”m .
carbonat e |i nkages. 90. The conposition of C ai m 86*wherein*saisd *
pol ysi | oxane prepol ynmer conprises at |east one fluoroalkyl-contai ning

group. : 8p. .Fhe com ositfun of Aindbs VHEreeAPA&IdI einpi- U aim
86 wherein said polysiloxane prepolymer conprises at |east one

fl uoroet her-cont ai oAtagheHg. paly82lediite grapRiymepnief a CGedl dedhewher ei n
sai d. pol ysil oxane prepol yner conprises at |east one al cohol -containing
gr oup. 93. The ecompainingnvihyl earboiateha@reivinydi darbanste i mpamompagent
is selected fromthe group consisting of nethacryl oxyethyl vinyl.
carbonat e, net hacr rdRyeedyfrog the erovRmansistingae y#oi?@%ﬁpz‘vinyl

urea, 4- vinylexycarbonyloxy)but-1=yljtetramethyl«disiloxane; 3=
(triméthylsilyl)propyl vinyl carbonate; 3+
(vinyloxycarbonylthic)propyl-
(tris(trimethylsiloxy)silane]; 3~
[tris{trimethyleilaxy)silyl] propyl vinyl carbamate; 3-
{tris(trimethylsiloxy)silyl) propyl allyl carbamate: 3-
[tris(trimethylsiloxy)silyl]propyl vinyl carbonate: t-
bﬁtyldimethylsiloxyethyl vinyl carbonate; '
trimethyls;lylethyl vinxl carbonate:
trimethylsilylmethyl vinyl carbonate; and "VyDog",

represented by the following formula:

el 7] e
CHg=CH—OfO-(CHE)4-%i— ﬁi- Sim=(CH2) 4 »0CO-CH=CH»
| ' 1
o - CH3 CHg {35 CHj °

89, The composition of Claim 86 wherein said vinyl-
containing polysiloxane~containing prepolymer comprises

urethane, 'urea, ester or carbonate linkages.

50, The compeosition of Claim 86 wherein said
" polysiloxane prepolymer comprisses at least one

fluoercalkyl-containing group.
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vi nyl phenyl vinyl carbonate, 4-vinylphenyl vinyl carbamate, and

4-vinyl phenyl vinyl urea. 94. The conpositggn.of Caim70 wherein-said
conposition is conprised of methacryl ate-capped polys .
pol ysi | oxanyl al kyl nethacrylate, N-vinyl pyrrolidone w@ﬁg’i’”ﬂﬁ“ﬂ’kl ng
agent . 95.. The conposition of Caim70 wherein said *C t her
conprises N, N-di net hyl acryl am de. 96. The conposition of Claim70
wherein said conposition further conprises 2-vinyl-4,4-dinethyl -

oxazol i n-5-one. 91. The composition of Claim 86 Oghex@®in Baddconposition
of Claim?70 wherein said conposition conprises a fluoroal kyl nodified

met hacryl at e- cappe@WWdM@WﬁepﬂnaﬁﬂﬂmfodIWIt one

met hacryl at e-contai njn , Nvin pyrrol i done and said crosslinking
agent . 98. The d%kﬁé%ﬂ?éﬁé%(ﬂ°“ﬁ %ﬁPg' RREBPein said conposition further
conprises 2-vinyl-4,4-dinmethyl-2- oxazolin-5-one:

92. The compesition of Claim 86 wherein said
pelysiloxane prepolymer conprises at least one

alcchel=containing group.

$3. The composition eof Qlaim 70 wherein said
erosslinking agent is selected from the grcup'coﬁsisting
of methacryloxyethyl vinyl carbonate, methacryloxyethyl
vinyl cazbamate, #ethacryloxyethyl vinyl urea, 4~
vinylphenyl vinyl carhonate, 4-vinylphenyl vinyl

carbamate, and 4~vinylphenyl vinyl urea.

94. The composition of Claim 70 wherein said
composition is comprised of methacrylate-capped
polysiloxane, a polysilexanylalkyl methacrylate, Nevinyl
pyrrolidone and said crosslinking agent.

§5. The composition of Claim 70 wherein saia
compositien further cemprises N, N-dimethyl acrylamide.

96. The composition of Claim 70 wherein saiaq
composition further comprises 2-vinyl=-4,é-dimethyle2-

oxazelin=5-one.
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99. Thé conposition of Caim70 wherein said conp05|t|on conpri ses at
| east one methacryl ate-capped fl uoroet her-Trtfl f1 ed pol ysi | oxane, at | east
one (meth)acrylate- or (meth)acryl ani de-containing. mm" gm’m
pyrrolidone and said crosslinking agent. 100. The aim
99 wherein said (nmeth)acrylam de-containing nonmonmer is N, N-di et yl

acryl am de. 101. The conposition of Claim70 wherein said conposition

ol ysi 1 oxane. pr epolitor fha CPERRFEEEHE 95 SUH M AR SN car bonat e
o carbamate | monogmalink | cBpF AU rdfAy1 SRR | O

cont ai ni ng nononer sal crossT 1 nki ng agent

90 102. The cormosuétm&rs}ia&ad:s%ﬁ@é MEBy Sl Yorketiel pri@ioisidedsae prepol ymer
further conprises at |east one uor oal kyl - cont ai ni ng group. 103. The
conposi tion of C aifilubfbaldkel enetlsadrly ] sndyesintadrnisigo greapy nii-vioylher
conprises at |east one _fluoroether-containing group. 104. The

conposi tion of O aip¥rrodidanecand seatd crossl;nking agent.

$8. The composition of Claim 97 wherein said
compuéition further comprises 2-vinyl~=4,4-dimethyl-2-

oxazolin-S~cne,

29. The composition of Claim 70 wherein said
composition comprises at least one methacrylate-capped
flucroether-modified polysiluxané, at l=ast one
(meth)acrylate- or (meth)acrylamide-containing monomer,

N-vinyl pyrreolidone and said crosslinking agent.

100. The composition of Claim 99 wherein said
(meth)acrylanide~containing monomer is N,N-dimethyl

acrylamide.

101. The composition of Claim 70 wherein =maind
composition comprises at least one vinyl carbonate- or
vinyl carbamate—capped polysiloxane prepolymer, at least
one polysiloxanylalkyl vinyl carbonate or carbamate
monomer, N-vinyl pyrrolidane,'at least cne acrylic-

containing menomer and said crosslinking agent.
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pol ysi | 'oxane prepol ymer further conprises at |east one al cohol - containing

gr oup. 105. The conposition of Caim 101~wMerein said acrylic- ~-
cont ai ni ng nmononer is selected fromthe group consisti th .
acrylam de and gl ycerol nethacryl ate, 106. The condmmmhﬂmw 101
wherein said conposition is oxygen perneabl e. 107. *The cO

Cl aim 101 wherein said conposition is curable by uItraV|oIet radlatlon and
heat . 108. The co 05|t|on of Cla|n1101 wher ej n ' np ition is

cur ab| e by u| tra\“ 01. Ms tlon °f ClaJ.m 101 w ere:.h

109. A bi onedi cal !%éH 7 A
contact | ens nade %Mﬁ%}%ﬁﬁp%%eﬁ gﬁmggn%?%ﬁnép prigf%llﬁAqﬁ? rt oéé?
prepared by poIynerfgudgbgaﬁqu@gytaqhxngcggpﬁﬁS|ng met hacryl oxyet hyl vi nyl
carbonate, N vinyl

1063. The composition of Claim 101 wherein said

polysiloxane prepclymer further comprises at lezst one

fluoroether-containing group.

104. The composition of Claim 101 wherein maid
polysilexane prepelymer further comprises at least one

alcohol-containing group.

105. The composition of Claim 101 wherein said aecrylic-
containing monomer is selected from the group consisting

of N,N~dimethyl acrylamide and glycerol nethadrylate,

106. The compocition of Claim 101 wherein said

composition is oxygen permeable.

107. The aomposition of Claim 101 wherein said
compnsition is curable by ultravielet radiation and

heat,

108, The compuosition of Claim 101 wherein said

composition is curable by ultraviolet radiation.
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pyrrol i done, and 2-hydroxyethyl nethacryl ate. 112. A contact |ens nade

fromthe hydrogel of Caim11l. 113. A hydrogel pr | Zi ng
a nononer mx conprising N-vinyl pyrrolidoné, 2-vi nyﬁmﬂﬁﬂ"ﬂwmmm‘ .
oxazol i ne-5-one, N. N-dinethyl acrylam de, and methacryi oxyethyh vi ny
car bonat e. 114. A contact |lens nmade fromthe hydrogel of C aim 113.

115, R0 00eL P g0t f, DYoRRLIOE el pRBRCRELa e SOEPLSE DM LY

[err],w Bi s(net hacgyipxyfbkyl ) polysiloxane, 3- nethacryl oxypropyl
tris(trinmethylsiloxy)silane, Nvinyl pyrrolidone, and nethacrl yoxyethyl
vi nyl, car bonat e. 116. The contact | ens nmade fromthe hydrogel of C aim
115. 92 117. A nethod of making a
hydrogel conprisi n§l0heAscontachilens made from) tbentegpasibviene?t flain
conbi ning at |east_one acrylic-containing nononer and at.|east one vinyl-
cont ai ni ng monomer 78nd a crosslinki ng agent having the

111. A hydrogel prepared by polymerizing a monomer mix
comprising methacryloxyethyl vinyl carbonate, H-vinyl
pyrrolidene, and 2=-hydroxyethyl methacrylate.

112. A contact lens made from the hydrogel of Claim 111.

113. A hydrogel prepared by polymerizing 2 monomer mix
comprising N~vinyl pyrrolidone, 2-vinyl-4,4=dimethyl-2-
oxazeline-5-pne, N.N-dimethyl acrylamide, and

methacryloxyethyl vinyl carbonate.

l114. A contact lens made from the hydrogel of Claim 113,

115, A hydrogel prepared Sy polymerizing a monomer mix
comprising a UV curakle hydrogel cemposition further
comprising %,.~Bis(methacryloxyalkyl) pelysiloxane, 3-
methacryloxypropyl tris(trimethylsiloxy)silane, N-vinyl
pyrrolihone,.and netﬁacrlyoxyethyl vinyl carbonate.

5 i
116. The contact lens made from the hydroggl of Claim

[
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schematic representation: & [err] wher ei n

V denotes a vinyl-containing group having thengﬂrnul

il ez s o I g

styrene- contalnlng group having the fornula:
93 [err] wher ei n Rlerr], is an al kyl

radi cal derived from substituted
117. A method of making a hydrogel comprising the steps
of _
a)ferning a monomer mix-cambining at least one
acrylic=containing monomef and at least one vinyl-
containing monomer and a crosslinking agent having the

schematic representatisn:

wvherein

V dencotes a vinyl-containing group having the

farmula.
Ral R41
\ rd
C=C
7~ \, -
Ra? X-C=Yw
/4
o) H

A’ denotes an acrylic-containing group having the

farmula:;
Rgr Rg
\ 7
C=C
s\
«Z=C Ry
H
o] H

& denotes z styrene-cdntaining group having the

- ‘formula:

TT?ISIW T lin



and unsubstituted hydrocarbons, polyal kyl ene oxide, poly(perfluoro)

al kyl ene oxi de, dial kyl-capped polydi net hyLs§4 axane, dj lm“\
pol ydi net hyl si | oxane nodified with fluoroal kyl or fl ugﬂ‘mmm\‘mmﬂ :
Rlerr]-Rerr] are independently H, or alkyl of 1 to 5 rsoncat bnss  *
Qis an organic group_containing aromatic noieties havi ng 6- 30
carbon atons; X, Y, and Z are indendeiRa’y 0, NH or S v' IS
1, or higher; and a', s' are indepéggg tly greater than or equal to
0, and a. + s' is greater than or equal jo IN b) curing the m x
of step a) to forma polyner; and Ryo* @-hydratizng the pol yner
produced_in b) to form a_hydrogel. 118. The nethod of O aim.117 wherein
said hydrogel is U/ “Bifi=58Pe. 94 1109.

The method of O aim 117 whgyeid s ikl G2RhEaKIdRGivel Fron Substituted
met hacryl oxyet hyl vinyl carbonate. 120. A nethod of meking a hydrogel
conposition and unsubstituted hydrocarbons, polyalkylene oxide,
poly(perfluoro) alkylene oxide, dialkyl-capped
polydimethyleiloxane, dialkyl-capped
polydimethylsiloxane modified with fluorocalkyl or
fluoroether groups!
Rzr=Rigs are independantly H, or alkyl of 1 to 5
earbon atems:
Q is an organie group containing aromatic moieties
having 6-30 carbon atoms;
X, ¥, and Z are independently O, NH ox S;
v! is 1, or higher: anad
at, s? are independegtly greater than or egual to
0, and a’ + &' is greater than or egual %o 1l:
b) euring the mix of step 2) to form a
polymer; and
c)hydrating the polymer produced in b) to form
a hydrogel.

218. The method of Claim 117 wherein said hydrogel is UV

curable.
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conprising the steps of a) formng a nonger m x conbining at | east
one acrylic-containing, at |east one vinyl- contalnl Hﬂ!ﬁﬂ”ﬂ'

styrene-cont ai ni ng nononer and a crosslinking agent mnﬂuﬁmat iCc =
representati on: * wher ei'n

V denotes a Vinyl'zgﬂba'fhgngERU@ B?thﬂlﬁr¥171UNH9£r% said crosslinking

[err] denot es an acrylic-contalning group havi hg t
formul a: agent is methacryloxyethyl SHnyl carbonate. [err]

120. A method of making a hydrogel'cpmpcsition-
comprising the steps af ‘

a) forming a monomer mix combininé at least one
acrylie~-containing, at least one vinyl-cﬁntaininq, at
least one styrene-containing mencmer and a_crosslinkiﬁg

agent having the schematic representation:

wherein
VvV denotes a vinylecontaining group having the

fornula:

R3¢ Rgr
\ctc/’
” N
Ry b O v
/)
4] :

- A’ denotes an acrylic-containing group having the

formula:
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S denotes a styrene-containing group having the formila:
[err] wherein Rlerr] is an al kyl raglgcal der mgﬁwmm \“\ut ed
and unsubstituted hydrocarbons, polyal kyl ene oxi de, g

al kyl ene oxi de, dial kyl -capped pol ydi net hyl si | oxane, HaIKyILcapped

pol ydi net hyl si | oxane nodified with fluoroal kyl or fluoroether groups;

Rl err]-Rerr] are independently H, or ggkyl ofgl,to 5 carbon atons;

Q is an organic group containing aronmatig noiettes havi ng 6- 30
car bon atons; X, Y, and Z are indepesadently O, NH or S; V' is
.1, or higher and a', s' are independently greater than or equal to
0, and a' + s' .is greater than or esq@ef to 1;Ry« b) curing the mx of
step a) to forma polynmer; and I .96

c) hydrating the polyner produced in b® to forma hydrbgel.

5 denotes a styrene-containing group having the

formula:
Ral . RQI'
\c-:c/
s N
Ryg-r Q- i
wherein

R+ is an alkyl radical derived frem substituted
and uﬁsubstituﬁed hydrocarbons, polyalkylene oxide,
poly(perfluoro) &lkylene oxide, dialkyl—-capped
polydimethylsiloxane, dialkyl-capped
pelydimethylsiloxane modified with fluorealkyl or
fluorpether groups:;

Rz‘leo' are independantly H, or ;1ky1 ©of 1 to 5
carbon atoms;

@ is an erganic group ¢ontaining aromatic moieties

having 6~30 carbon atoms; -

X, Y, and Z are independently ©, NH or §:

§' is 1, or higher: and _

Ta' - 8f are independéntly greater fhan or egqual to
0, and &’ + s’ 1s greater than or egual to 1;

b) curing the nix of step a) to form a polymer, and
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121. The nethod of C aim 120 wherein said crossllnkfﬁéu'ageht is

nmet hacryl oxyet hyl vinyl carbonate. 122. T Jret hodum,ml rei n
sai d hydrogel conprises nethacryl oxyet hyl V|nyI carb l ﬂﬁ!”ﬂﬁ
pyrrolidone, and 2-hydroxyethyl nethacrylate. '~ 123. The® net had

120 wherein said hydrogel conprises N-vinyl pyrrolidone,

2-vinyl -4, 4-di met hyl - (ﬁyﬁga 1BE @hgngz;ﬁhéta fggdagd 3@ phawedeorangd

met hacryl oxyet hyl V|nyI carbonate. met hod of Cl aim 120 wherein
said hydrogel corgpyg 1.err] ,w Bi s(nethacryl oxyal kyl) polysil oxane, 3-

met hacryl oxypropyl tris(trinmethylsiloxy)silane, N-vinyl pyrrolidone, and

met hacryl oxyet hyl- vi nyl carbonate. -

221. The method of Claim 120 wherain said erosslinking
- agent is methacrylexyethyl vinyl carbonate.

122. The method of Claim 120 wherein said hydrogel
comprises methacryloxyethyl vinyl carbonate, N=vinyl

pPyrrolidone, and 2-hydroswyethyl methacrylate.

123. The method of Claim 120 wherein said hydrogel
comprises ﬂ-vinyl pyrrolidone, 2-vinyl-4,4-dimethyl-2-
oxazoline~5~one, H.H-dimethyl acryiahide, and

methacryleoxyethyl vinyl carbénate.

124, The methed ef Claim 120 wherein said hydrogel
conprises e{,uJ-Bis(methaérylaxyalkyl) polysiloxane, 3-
wethacrylexypropyl tris{trimethylsiloxy)silane, vainyl
pyrrnlidohe, and methacryloxyethyl vinyl carbcnaté.'
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