Bl

\ETTABLE Sl LI CONE HYDROGEL COVPOSI TI ONS

FOR THEI R

MANUFACTURE |

.

AR Rerhdt =

cont i niuati on- fI n-part

No. 07/788,013

3

filed Novenber_ 45, 1991.
4 )

FETTARLE BILICONE HYDROGEL COMPOBITIONR
AND METHODE FOR PHEIR MANUFACTURE

This application is a continmuution-in-part

application of copending application Sar. Wo. 07/788,013
filed November 5, 1991, '

Field of the Inv

The present invention relates to impreved wettable

polyneric hydrogel compositions useful for the
production of biomedical devices, especially contact

lenses

Hydrogels have been a desirable class of matsam,al

for the preparation of bicmedical @evi@as, and have b@en :

known since at least Wichterle, et al U.S. Patent No. o
3,220,960 which disclosed hydrogels comprising a
hyd?ated polymer of a hydroxyalkyl acrylate or
sethacrylate crosslinked with a correspending diester
(poly 2-hydroxyethyl methacrylate, known as poly-HEMA) .

A hydrogel is a hydrated crossiinked p@lymarié
system that contains water in en eguilibrium state. The
physical properties of hydrogels can Vary widely and ave
mostly determined by thelr water content. Since

hydrogels exhibit excellent plocompatibility, there has
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The prééent invention relates to inproved wettable pol yneri c

hydr ogel conpositions useful for the: producti on of bionedica

devi ces, especially contact | enses. : - . s
Hydr ogel s have been a desirable cl ass of «gmteri al for the °
preparation of bionedical devices, and have been known since

at least Wchterle, et al U S. Patent No.

bsen extensive interest in the use of hydrogals for
Mmmeaim; dovices, especially conbact lemses.

In the field of contast lenses, various factors
mnat conbine to vield a material that bhas appre@éiatg
Oxygen permeability, wettability,
material strength und stability are buk a few ovf the
Ffactors which smst be carefully balanced to achieve a
useable end-result contact lens. 56ince the vornea
recelives its oxygen supply exclusively from comtact with
the atmosphere, good oxygen permeability is a critieal
vﬁvraeﬁe:istig fox mpy centact lens wmaterial. '

Tt was discovared thet certain crosalinked
polymeric materials couwld be hydrated and z@t&in‘thair
water content. It waz further f@un_ﬁ that the higher the
water comtent within contast lenses made fron these
croselinked hydrogel polymers, the greater was the
oxygen permeability threugh the lens to the eovneas.

High wateyr-containing hydrogel .
exhibited undesirable mechanical properties. ¥For
sxample, sach hydrogols are often not easily formed into
hydroiyvtically stable lenses. Further such materials
have at times exhibited tearing or other breakage as a
resuit of poor tensile strength. %What was nesded was a
highly oxygen perseable saterial that was durable and




"3, 220, 960 whi ch di scl osed hydr ogel s conprising a hydr at ed

pol ymer of a hydroxyal kyl acrylate or nmet hacryl ate .
crosslinked with a correspondi ng di ester (poly 2-hydroxyethyl
met hacryl at e, known as - pol y- HEMA ). =3~ A hydrogel is a
hydr at ed crossli-nked polyneric : systemthat contains water in
an aquilibriumstate. The physi cal properties of hydrogels

can vary w dely determ ned by their water

content. Since gy %@tt’abljl?dr (ﬁeéit?ggi%%lits dXBEFFRME 4 Gddkpatfbility,
there has the lens is neot sufficiently wettable, it does not
* remain lubricated and therefore cannot be 'wam
- comfortably in the sye. The optimum contact lens weuld
have not only excellsnt oxygen permeability, but also

gxcellent tear fluld wettability.

8ilicone-containing materials were tried as viable
econtact lens materials and displayed very good oxygen
permeabliity and durability. Béwevsr, nost silicone-
containing materials are largely hydrophobic and
therefore not sufficlently wettable. Further, it is
believed that such hydrophabiecity sauses enbanced
deposit preblems, vhich mey also result in discomfert
when wearing contact lenses made from certain silicone-

containing polywexs.

Therefore, an optimal hydrogel material for
@i@m@di@ai devicas, such as centact lenses, would have
idunl rigidity, high oxygen permesbility and a high
degree of wettabllity.

Tn accordance with this invention, the surface

wettability of bydrogsls, such as silicone-containing




been extensive interest in the use of hydrogels for bionedical devicess
especi ally contact lLenses. In the field of contact |enses, various

factors . .
m4m

bydrogels, and more specifically pelyurséthane-silicone
hydrogels and ethylenicelly terminated polysiloxane
hydrogels such us (poly)organcsiloxane hydrogels, are
sigoificantly enbanced by inc:argé:ating? Hoth at least
one vinyle-containing hydrophilic moncmer and at least
one aorylic-esntaining bydrophilic monomex in‘!:@ the
monomerx mix 2lomg with the siliccne-cetitaining menomer

6r prepalyzer.

Further, in atcordance with the present inventien,
8 method for making a wetbable silicone~containing
bydregel composition is disclesed comprising the steps
of a} combining at:n least one vinyl-coutaining sonomer,
at least one acrylic-vontalning monomer and at least one
silicone-centaining mconomer oy prepolymer inte a ﬁ@m
aix and b) curing the monomer mix yesulting frem step a)
to form a silicone-containing hydrogel composition.

Tt is believed that the combined vinyl-containing
and acrylic-containing menomers sct az wettimg agents,
andl interact with the predominantly hydrophobic
silicone-centaining monomers and prepolymere in the
menoemey. mix to produce highly wettable hydrogels with
ddeal w»igidiky. Sueh resultant hydrogels are especially
well-suited for use as contact lens materials.




nust c¢onbine to yield a material that has appropriate characteristics.
Oxygen perneability, wettability, material strength and stability are but
a fewof the factors which nust be carefully bal anced to achieve a..
useabl e end-result contact |lens. Since theStornea receives its oxygen
supply exclusively fromcontact with the atnosphere, good oxygen
perneability is a critical A characteristic for any contact |lens material .

|t di d that 2LLal N C
was |sc?vere a CERER, Tl % DRAWINGS

Figures 1 and 2 depict the effect on modulus of
9 polyursthane filwms as the compesition ratie of NVP te
DM is changed., .,

Figure 3 depiects the effect on modulus of
mathacrylate-capped polysiloxane films as the
composition ratio of NVP to IMA is changed.

The present invention relates to impreved
wettabllity of hydrogels, especially silicone-centaining
hydrogels with ideal rigidity suitable for biomedicsal

applications such as contact lenses.

The silicone—containing hvdregels of the present
inventioh display improved wettability ss a »ssult of
the combined presence in the monomer mix of at least one
acrylic-containing monomer and at least one vinyle '

containing mwohomey.

. 8ilicone hydrogels (i.e., hydrogels econtaining

silicone) are usually prepared by polymerizing a mixture

containing at least one silicone-containing moncmer and




pdlyneFic materials could be hydrated and retain their water content. It
was further found that the higher the water content wthin contact |enses
made from these crosslinked hydrogel polyners, the greater was the *
oxygen perneability through the | ens i t he cornea. Hi gh *
wat er - cont ai ni ng hydr ogel s have at tines exhi bi ted undesirabl e
mechani cal properties. For exanple, such hydrogels are often not easily
formed into hydrolytically stable |Ienses. Further such materials have at
ti mes exhibited @Ediﬁ#ﬁhdﬁ“b@ﬁ@?ﬂﬁggﬁkh@@m@@mé Either the silicone-

containing monower or the hydrephilic menomer may
funciion as a orosslinking agent (& crosslinker being
éefined as & monoper having multiple polymerieable

fuctienalities) ox a separate crosslinker may be
employed.

The terr “vinyl-centaining® is weant to refer tu
non-acrylic monomers having the vinyl grouping (CEy=CH-)
which are ge@e:aily'highly'rea@tivae such vinyl groups
are known to polynerize relatively easily. ®acrylic~ .
eontaining® monomers are those cempounds containing the

acrylic grouping (CHy=CRCOR) vhieh are almo generally

zeactive.

The wvinyl-containing moncmers used im the present
invention include hydrophilic monomers such as Hﬁviﬂjl
pyrrolidone, N-vinyl-N-methyl acetamide, W-vinyl-N-athiyl
acebenide, Nﬁfinyb%ﬁﬁuﬂmgl formamide, N-vinyl
formemide, with R-vinyl pyrrolidune (NVP) being tho most
preferred.

The acrylic-contsining monomers used in the present
invention iznibu@é.hyﬁx@phili@ menomers such as és
hydroxyethyl methacrylate, glycerol methacsrylate, 2-
hydroyethyl methacrylemide, W,N-dimethyl
(m@ﬁhjaﬁtgiaméag, dircetons escrylamide, methasrylis acid




‘resuft of poor tensile strength. What was needed was a hi ghl y oxygen
perneabl e material that was durable and- hi ghly wett abl e.
Wettabiity is inportant in that, if the Lgps is not sufficiently wettable,
it does not remain |ubricated and therefore cannot be worn confortably in
t he eye. The optinum contact |ens woul d :

and acrylic acid with N,N-dimethylacrylamide (DMA} being

the most preferred.

#hen both vinyl- and acrylic-centaining menomers
are present within one moncmer mixture, it is prefarable
to add a crosslinking composition containing at least
one vinyl-containing polymerizable group and at least
oneg acrylic= or styrene-containing pelvmerizable greup
disclosed in copepding and commonly asaigned U.S.
Application No. 07/788,071 filed November $, 1991 and
having the following general schematie

representation (I):
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have not only excell ent oxygen perneability, but also excellent tear fluid
wettability. Silicone-containing materials were tried as viable
contact lens materials and di spl ayed very good oxygen perneability and .
durability. However, nost silicone- comfaining nmaterials are largely ®
hydr ophobi ¢ and therefore not sufficiently wettable. Further, it is
bel i eved that such hydrophobicity causes enhanced deposit problens, which

ey also result i n Gscomt ot wher, rar LGP itk £aSRke
substituted and mnaubstituted
ﬁsﬂx@gafb@ns, polyalkylene axide,
poly({perfiveore) alkylene oxide,
dialkyl-capped polydimethylsilowana,

'kyl-capped polydiwethylsiloxane

modifisd with fluercalkyl or
flucroether groupss

Rays=Ryge are independently H, ox alkyl of I
%o 5 carbon atems; )

0 is an orgunis group somtaining

" aromatic moieties having 6 to 30
carbon at@msé

%, ¥, an@ T are independently O, NE or B;

v iz 31, or higher; and

a’, g’ . fvdependently éza grester ¢han

or equal to 0, and a’” + 87 » 1.

The addition of srosslinking sgents of Formula T
assists in the copolymerization of tha vinyl-amnd
acrylic-gentaining monomsrs with cach other as well as

prepolymers present in the
pomer mix, such as the relstively non-polar ring-

sentaining oxazolone sompounds of the general

———
. —————
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Ther éfore, an opti mal hydrogel material for bionedical device., such as
contact |enses, would have ideal rigidity, high oxygen perneability and a
hi gh degree of wettability. _ad N accordance with this 2
i nventi'on, the surface wettability of -hydrogels, such as

si | i cone-cont ai ni ng

Riz

{LI1)

Ryy

where

Ry and Rz independently denocte H or CHi; and
Rj3 and R;4 independently denmcte methyl or
cyclohexyl radicals.

These ring-containing wmenomers which may be
incorporated into the silicone-containing hydrogels of
the present invention specifleally include 2-
isopropenyl-4,4-dinethyl-2-oxazeclin-5-one (IPDMO), 2-
vinyl=4,4-dinethyl-2-oxazol in-5-gne (vDHD) , cyclohexamne
spivo-4'-{2°isopropenyl-2*-ogxazol-5*—-one) (IPCC),
eyclohexane-gpire-4f-(2’-vinyl-2’oxaztl~-8’-one} (VE0},
apd 2-(-l-propenyl)-4,4-dimethyl-oxazol-5-one {PDMO).
The preferred oxazolonss are prepared by known reaction
saguences set forth in commonly assigned U.8. Patent No.
4,810,764. The amount of crosslinker used is ab@ut'@aal
to about 5% of the vinyl-containing wmenomer weightl

% present in a useful formulstien.

We bave observed that silicone~centaining hydrogels
containing NVP as a wetting agent have a much higher

This Sheet i




hydrogel s, and nore specifically pol yurethane-silicone hydrogels and
ethylenically term nat ed pol ysi | oxane hydrogels such as

(pol y) organosi | oxane hydrogels, are significantly enhanced by incoporating
both at |east one vinyl-containing hydwggbilic nonomer and at |east one
acrylic-containing hydrophilic nmononer into the

aodulvs s coppared with siiicone 1
incorporate acrviie-containing monomers, sush as
glycerel methacrviabte smd, N, N-dimethylaorylamide (DMA).
We sbserved, and this invention contemplates, that the
incorporation of a vinyl-ventaining hydrophilic mencmer
with an acrylis-contalining hydveph -

eteing agents into siligsnes@@ﬁtaiming f@zmmlati@ns
vesulits in hydrogels suitable for biomedical
applications, especially coutact lenses,

Any known silicons-containing prepolymer may be
used o form the silicons hydrogels of this invemtien,
as will be apparsnt to one skilled in the art. 'm

pers added to the ponomeric mixture may be monomers

or prepolymers. A "prepolymer” is a reaction

iiate polymer of mediup molescular welght having
polymerizable grovps. Thus it is understecod that the
terms "silicone-containing monomers”™ and "hydrophilic
wonomers®? inclunde prepolymers. Exemples 5f such monomers
may be found in United States Patent Nos. 4,136,250F
4,183,641y 4,740,533 5,034,461 and 5,070,215,

Purthaer, notations such ask W(m@ﬁh}ac:glat@ or
® (meth)acrylamide are usad herein to dencte cptiocmal
sethyl sunstitubien. Thus, for example, methyl
{math)aorylate inciudes both methyl acrylate and methyl

nnTiiﬂ‘iiiﬁ‘fli“lﬁ




mononer mi X along with the silicone-containing nononer or prepolyner.
Further , in accordance with the present invention, a nethod for making a
wettabl e silicona-containing hydrogel copposition is disclosed conpristng
the steps of a) combining at |east one Vinyl-containing nononer, at

| east one acrylic-containing nononer and at | east one silicone-containing
nmononer or prepolyner into a nononer mx and b) curing the nononer m x

resul ti {19 from petRRsfd1d®h dnd K.aPipl | (elRFacAPidl it dnRYHEOY Hotn
conposi tion.
N-alkyl acrylamide and N-alkyl methacrylamide.

e One preferred class of suitable silicone-containing

meys are bulky polysiloxanylalkyl (meth)acrylic
mononers represented by the formula (ITT):

gl
b4
RI-gi-R
i
R e rt
i } 1
(III) ﬂg@gﬁaﬁgxs (CHa) fsiaou?kﬂ
i
- o ? »t
rRl-gi-pl
Rl

wherein:
X is O or NR;
each R is independently hydrogen or methyl: and
each R' is independently a lower alkyl or phenyl

group: and
€ is 1 ar 3 ta 10,

such bulky monomers include methacryloxypropyl
tris(trimothylsiioxy)silane,
& p@ntam@thyldisilgxanyimathyimethaerylat@,
- tzris(trimethylsiloxylnethacyryloxy propylsiliane,
phenyltetramethyldigiloxanylethyl acetute, and
methyldi (trinethylailosy)pethacryloxynethyl silane.

Tl



It is bélieved that the conbined vinyl-containing and acrylic-containing
nononmers act as wetting agents, and interact wth the predom nantly

hydr ophobi ¢ s4Li cone- cont ai ni ng nononers and prepolyners in the nonongr
m x to produce wettable hydrogels with idaak rigidity. Such resultant °
hydrogel s are especially well-suited for use as contact |lens materials.

A further preferred class of gilicone-containing
momomers are the poly{organssilovane} prepslymers
resented by the formula (IV):

Rs 35 3
(I7) A=’y e-Sia gaasuﬁeoﬂsia (R7) -2
R %8 R

whereins

A is an activated upsaturabted ¢group, suéh a8s an
estey or amifde of an acrylic or @& methacrylic aeids

each R3-R¥ is independently selected from the group
sonsisting of a monovalent hydrocarbon radical or a
halegen substituted monovalent hydrooazk
having 1 €5 18 carbon stoms whish way have sthex

nkages betwesn carhonn atemss

#’/ is a divalent hydrosarbon radical having from 1
to 22 cachon atﬁﬁas
and

n is 0 or an integer greater than or egual € i.°

A further preferred class of silicone-containing
menomere are the monomers having the following schematic

representations:
(%) B(#DeAT4DeG] ,SDRANADLE ¢ o
{9L}) E(*ﬁ*@knﬁaﬂ)aﬁﬁ*ﬁ*mﬁz'ﬁ
wﬁ@@ '

—_—
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Figures 1 and 2 depict the effect on nodulus of polyurethane filns as the

conposition ratio of NVP to DMA is changed. Figure 3 depicts the
effect on modul us of met hacryl at e- capped, pol ysi | oxane filns as the s
corrp05|t|on ratio of NVP to DVA S changed

D denotes an alkyl diradical, an alkyl cycloalkyl
@iradical, a cycloalkyl diradical, am aryl diradical or
an alkylaryl diradical having 6 to 30 carbon atema;

G denotes an alkyl diradical, a cyclealkyl
diradical, an alkyl cycleoalkyl diradical, an aryl
@iradical or an alkylaryl diradical having 1 to 40 _
carbon atoms and which may contain dther, thio or amine
linkages in the main chain;

% denotes a urethane or ureids linkager

& i= at least i;

A" denctes a divalent polymeric radicel of formula
(VIZ)«

[ & 7] m&ﬁ

(VII) ={CHg) yr~—1"81-0-1——-Bi-—(CHz ) -

Lz’ Jp ze’
wherain: 2% and RS’ independently denote an alkyl
oz fluorc-substituted alkyl group baving i to 10 carbon

stoms vhich may contain ether linkages between carbon

atoms;
m is at least 17 and
P provides a molety weight of 400 to 10,000;
& E and B’ independently dencte a polymerizable

unsaturated organic vadical represented by
formula (VIII):

This Shy
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The present invention relates to inproved” Wwettability of hydrogels, =---
especially silicone-containing hydrogals with ideal rigidity suitable for
bi onedi cal applications such as contact |ensese The

silicone-containing hydrogels of the pggsent invention display |nproved
wettability as a result of the conbined presence in the nononer m x of at

| east one acrylic-contai ning nononer and at | east one vinyl- containing
nonomner . Silicone hydrogels (i.e’, hydrogels containing silicone)
are usually prepared by polymarizing a ! ture

(VILI) BYS it (Gl ) g () 0 (B) g (Axr) =024

wherein: R denctes a divalent alkylene radical
having 1 o 10 carbhon atoms: .
whes H or CHys

®'? denutes H, & (€1~Cs) alkyl radical or a
~CO=~2-R15 group vherein ¥ is -0-, =8~ or -NB- and rE ig
& alkyl réﬁi@al_hgviﬁg i to 12 carbon atoms:

¥ ia -C0~ oxr =0CO0-;

g is -0~ or -NH-;

Ar denctes an aromatic radieal baving 6 to 30
cavbon atomsy

w is 0 ko 6
® $s 0 ér L -
v is 0 or 1; and
£ is 0 ox 1.
A preferred urvethanse monomer is E@@zesentedlby
formila (IX):

‘ ““iii”fiﬁ flitiii



cont ai‘ni ng at | east one silicone-containing nononer and at

| east one hydrophilic nononer. Either the silicone- containing nonomner
or the hydrophilic nononer may function as a crosslinking agent (a 2
crosslinker being =15=
CHy .
/
HoC=C =~ H 4 H B

] ] { ] i
’ COOCH,CH, ogxagﬁsnicacaz@gncagmgoﬂcnmmlsemo (CHa )
it
) 0] Lo (4] L

@Hg‘“?iﬁggg
(IX) - ©

\gr-—p/

Ci{3-8i-Cly
}

{CHa)
AL
CHy ° : . a
£
HaGec % H 7 5
i

c@ocﬁzcﬂgowsalswnmzcazocﬁzcng%manmemc#“

i i i

0 o ) )

wherein:

R’ is a diradical of & diisocyanate after remaval
of the isocyanate group, and is mest preferabply the
diradical of isophorone dilsecyunate, and m, p and a are
the same as previously defined. BPraferably, the sum of
» and a is 3 or 4, and more preferably, a is 1 sand m is
3 or 4. Preferably, p is at least 30.

The webttable silicene~containing hydrogels ¢f the
present invention, when used in contact lens
appiications, can preduce a wide variety of types of
hydrogel aontact lenses. As is understood in the f£leid,
in general, hydrogel cuontact lenses should have oxygen




defined as a nononmer having nultiple polymerizable fuctionalities)
or a separate crosslinker may be The term "vinyl-containing" is
nmeant to refer to non-acrylic nononers having the vinyl grouping _ _ .
(CH err]-CH) which are generaly highl y-g@active. Such vinyl groups are
known to polynerize relatively easily. "Acrylic- containing” nononers are
t hose conpounds containing the acrylic grouping (CH err]=CRCOX) which are

al so generally _
permeabilities with DK values greater than about 20 %
1071 o % cu/sec x on? x wmHg (or 20 DK unite) and
preferabhly greater than aheut 60 DE. They should have a
Young’s motulus of elasticity im the range of about 5 to
400 g/mm®, preferably greater than about 20g/m® as
ured by ASTH test mothod D1938. Their water content

rhould be hetwssn abeut 10 and B0 %, and preferably
batween 20 and 60%. The contuct angle, which is a
measurenent of the wettabllity of the lens, should be
less then abeut 80 degrees and should preferably be less
than about 40 degrees

the preferved range of the coumbined
vinyl-containing and acryli@ﬁg@ntaiz?ingr hydrephilic
wetting mopomer concentration is frem E@mﬁ 5 welght
pey of the polymeric hydregel mix to shout 80 weight
parcent, and more praferably frem about 20 welght
 percemt to sbout 60 weight percent. The weight retic of
vinyl=containing monomer to acrylic-—centaining mononer
i from sbout 40:1 to sbout 1240, and is preferably

The present invention further provides articles eof
samifacture wvhich san be veed for bimmedical devices,
sush as, contact lenses, surglcal devices, heavxt velves,
vessel substitutes, intrauterine devices, manﬁréz;es and
other £iims, diaphyagmns, surgicsl isplants, blood




The vinyl - contai ni ng nononers  used in fRE présént invention include =--

hydr ophi I i ¢ nononmers such as N-vi nyl acatam de, N vinyl-Nnethyl
formami de, N-vinyl" formamide, with N-vinyl pyrrolidone (NVP) being the
nost The acrylic-containing nonggers used in the present

i nvention include hydrophilic nononmers such as 2- hydroxyet hyl
nmet hacryl ate, glycerol nethacrylate, 2-

vassgls, artificial wreters, artificianl breast tissue
and membranes intended to come into contact with body
filuid ocutside of the body, e.y., membranes for kidney
dislysis and heart/luny machines and the like,
vatheters, mouth guards, denture liners, intrascular

devices, and especially contact lenses.

It is known that bleod, for exampls, is readily and
rapidly damaged whean it comes into contact with
artificial surfaces. Ths d@sigg of a synthetic surface
which is antithrombogenic and nmomhemolytic to bloed is

necessary for prostheses and devives used with bloed.

The terms Yshaped artieles for use in biomedical
spplications® or “"biomedical devices™ mesn the materials
disclosed herein have physicochemical properties
rendering them suitable for prolonged contact with

living tissue, blood and the mucous membranes.

Although the exsst mechanismes are not fully
understood st the present time, the wetting agents of
the present invention appear to reduce the deposition
problems normally aesoclated with, and believed to bhe

¢ caused by, the high hydrophobicity of the hydrophebie

silicone~-containing monoamers.

.\—\
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hyélro’xyét hyl methocrylam de NN -dinethyl (nmeth) acrylam de, diacetone

acryl am de, nethacrylic acid and acrylic acid with
N, N- di met hyl acryl am de (DMA) being the nost preferred.
R

Further, the watting agents of the present
invention significantly reduce the contact engle of the
eurface —~ & olear indication to thuse skiiled in the
field that enhanced weltting has securred. The resulting
novel hydregels gemismg the wetting agembts of the
prasent invénti@n were unexpectedly hydrolytically
stable, within an scceptable range, while collecting
gnly an acceptable level of dsposits.

Two preferred classes of silicome-seutaining
monomars contemplated by the present invention are
urethane-cvonteining prepelymers, and sthylenlcally

‘texminated polysilexmne containing moncmers as
previcusly desscribed hexzein, such as, most preferably
o, bis (methacryloxyalkyl)polysiloxane.

T™he resulting polymers and copolymers disclosed
herein can be boiled md/a% sutoglaved in water without
baing damaged whershy sterilization may be achieved.
Thus, an arbicle formed from the dimclosed pulymers gnd
copolymers may be used, for ewxample, in surgery where an
article is needed which is compatible with 1living tissue

er with the micous membranss.

The monowner mives employed im this invention, can
be readily emved to cast shapes by convenitional methods
such as UV polynerization, or thermal polymerisation, or



Vlhen both vinyl- and acrylic-containing nononers are present within one
nmonomer m xture, it is preferable to add a crosslinking conposition
containing at |east one vinyl-containing polynerizable group and at |eas¢
one acrylic- or styrene-containing polynerggable group disclosed in
copendi ng and commonly assigned U S. Application No. 07/788,071 filed
November 5, 1991 and having the follow ng general schematic
representation (I): I err
P ( )cembirgagiens thereof, as commonly u[gga ]in polymerizing
ethylenically unsaturated compounds. Representative
free radical thermal polymerization initiaters are
N arganic peroxides, such as acetal paroxide, laureyl
peroxide, docancyl pexroxide, stearoyl pesvexide, Lenzwyl
peroxide. tertiarybutyl peroxypivalate,
peroxydicarbonate, and the like, employed in a
concentration of about 0.01 o i pearcent by welght of
the total wmonemer misturs. Representetive UV initismtors
are those known in the field such as, benzoin methyl
ether, benzoin ethyl ether, Darbsure 1173, 1164, 2373 v
1116, 28598, 3331 (EM Industries) and Igracure 651 and

184 (Ciba-Geiqgy).

Polymerization of the monomer mix of this invention
may be performed in the presence of a diluent. The
polymerization product will then be in the form of a
gel. If the diluent is nonagueous, the diluent must be
removed From the .gel and replasced with water through the
use of extraction and hydratien protocols well known to

- those skilled in the art.

It is siso possible teo perform the polymerization
in the absence of diluent to produce & xercgel. These
xerogels may then be hydrated to form the hydreogels as
is wall known in the art. '

O



wher ei n’ V denot es [err] A denot es [err]

mo oo

~20~

In addition to the above-mentioned polymerization
initiators, the copelymer of tha present inventien may
also include other monomers as will be apparent to one
gkilled in the art. For exemple, the monomer nix may
insinde additional hydrophilic menemers, colorants,
curing agents, or Waabsaf::hing and toughening agents
such as those known in the contact lens art.

The polymers of this invention san be formeA into
contact lenses by spincesting processes (such as those
disclosed in U.8. Pat. Nos. 3,408,429 and 3,496,254),
cazt molding processes (mach as thoss disclosed in U.8.
Pat. Hos. 4,084,459 and 4,187,266), cozbimations of
methods theresf, or any sother known methed for making
contack lenses. Polymerization may be conducted !eith@r
in & spinning wmeld, or & stationary mold cerzesponding
to a desived comtact lens shape. The lens may bes
further subjected to machanicel finishing, as covasison
Polymerization may aisoc be conducted in an

appropriaste weld or vesanl to form bubttons, plates or
rods, which may then be processed (e.g., cut or polished
wvia lathe or laser) to give a sontast lens having a
desired shape.

The hydrogels the present invention are oxygen
transperting, hydvelyticalily stable, bielogically inert,
and trangpavent. The monomers and prepolymers employed

&g



R‘[err]' S an al kyl radical derived from

substituted and unsubstituted hydr ocar bons
pol yalkyl ene oxide , poly(perfluoro) alkylene oxide, T
di al kyl - capped pol ydi net hyl si | oxane, -31-

di al kyl - capped pol ydi net hyl si | oxane Rlerr]-Rerr]

I ndependently H or alkyl of I

in accordance with t;hi. invention, are readily
polymerized to form three dimensional metworks wiaich
permit the transport of oxygen and are optically clear,
strong and hydraphiliec.

The relative softness or hardnese of the contasct
lenses fabricated f£rom the resulting polymer of this
invention can be varisd by deceasing or increasing the
molecular weight of the pelysiloxane prepolymer end-
capped with the activated unsaturated greup or by
varying the percent of the comonomer. As the ratio of
@@13;5311@3;&@@ units to end-cep units increases, the

" softness of the material increasses.

The following sxamples serve only to gufzth@r
illustrate aspects of the present invention and shouid
noet be construsd as limiting the imventien.

Ihe following abbrevistions are defined as follews:

) is N-vinyl pyzrolidone
DA, is N,N-dimethyl scrylamide
HEMAV: is methacryloxyethyl vinyl carbonate
TRIS is methacryloxyprepyl
. tris (trisethylsiloxy)silane
ID&3n is & uvethane prepolymer derived from

isophorone diisocyante, diethylene

———

Wi

are



X, Y, and Z are independantly O NH or S; V is |, or
hi gher; and o or equal to 0, and a° + s' [err] 1.
The addition of crosslinking agents of Fornula | assists in the s
copol yneri zation of the vinyl-and acrykge-contai ning nononers wth each
other as well as wth other nononers and prepol ynmers present in the
nmononmer m x, such as the relatively non-polar ring-

glycol, polysiloxanediol ehcapped with 2-
hydroxyathyl methacrylate

oDy iz ap o0 -bis{methacryloxyalkyl)-
pelysiloxave
VMDD is 2-vinyl-4,4-dinethyl-2-oxazeline-5-one

s.ix palyumthan@ hydrogel filas conteining the
following ingredients, were prepared:

a) IBS:}E, 30 parts;:

b} TRIE, 30 parts:

e} NVP, varied from 0 to 40 paxtss

d) DMA, varied froem 40 to 0 parts (NVP + DMA = 40
parts)

&) Methacryloxyethylvinyl carbonate (HEMAVe
crosslinker) at 0.9% of NVP awm

£) n-Hexanol 40 partes;

g) Darocur-31173, (OV initiater), 0.2 paxt.

punt;

These formulations were UV cured, folleowed by
ethanel. extraction and boiling water hydratien, as is
hucwn in the ark, to giva vesultant hydrogel f£ilms with
the following properties (water content and moduiusg).
Figure 1 depicts the resuitant films of Exaﬁp;e 1-8
with ene plothed peint for each film respactively.




[err]

=23=
Tabie 1
S ).+ . ¢:2.0 A 1 2 3. 4 8. -8
NVR/DMA ratie 490/0 3872 35/8 20/10 20720 /40
& water 38 48 %4 41 £3 a7
Hodulaus 430 281 150 80 78 T 83

The mofulus/composition relationship is deploted in
Figure 1.

A formulation was prepared containing the same
ingredients and same weight ratios as those in Exaumple
4, except that 3 parts of ¥vp and 1 part .sg DA was
replacsed by 1 part of szé. "rhe formulation was cast
snto £ilms and provessed as done in Examples 1-6. The
resulting hydrogel f£llms had the follswing properties:
water content, 40%; modulus 110 g/mz.

Polyurethane formulations of the ingredientes as in
Exasples 1-6 but of different relative parts, as shown
in Table 2, were prepared. '




Riéerr] and Rlerr] independently denote H or CHerr]; and Rlerr] and

Rl err] independently denote nethyl or cycl ohexyl radicals.
These ring-containing nononmers which may be incorporated into the 3
silicone-containing hydrogels of the pregent invention specifically ;

i ncl ude 2- isopropenyl -4, 4-di net hyl - 2- oxazol i n-5-one (I PDMO), 2-
Vi ny- 4, 4-di net hyl - 2- oxazol i n-5-one (VDMD), cycl ohexane
a) IBS3E & b) TRIS, 34 paxts each;
. o) WP & 4) DMA, 32 parits combineds
e) n-Hexanol, £) HENAVs and g) Darocurs-1173, sane
parks es in Evamples 1~6.

The formuleticns were cast and processed in the
sane panner as in BEramples 1-8, with the water contemt
and modulus data shown im Table 2. Figure 2 dsplots the
resultant £iinms of Ewamples #-1l, with ome plotted point
representing each £ilm respectively.

Tahle 2
IR/oMa ratle 32/0 24/8 18/18 6/32

water % 25 26 31 | 25
¥odulng 610 278 167 87

-— EZ,

. The modulus/eonposition relatiopship is further
shown in Pigure 2. |

he-hazed Hydrogel ¥ilnsg

- The folloving silicons hydrogel formulations werxe
prepared and cast processed into hydregel £ilms by the
prosefnre of Examples 8-11. Figure 3 depicts the
resultant £ilms of Examples 8~11, with one plotted
pointrepresenting each £ilm respectively. The
ingredients in the formulatien were:




sptro-4:- (2 'isopropenyl-2'-oxazol-5-one) (IPCO, cyclohexane-spira-4
"-(2'-vinyl-2' oxazol -5 '-one) (VCO, and 2- (-1-propenyl) -4, 4-dinethyl-
oxazol -5-one (PDMO). The preferred oxazol ones are prepared by known
reaction sequences set forth in comonly Sy gned U. S. Patent No.
4,810, 764. The amount of crosslinker used is about 0.01 to about 5% of the
vi nyl - cont ai ni ng nononer wei ght present in a useful formnulation. We

have observed that sil iéo%z-ignigiﬁgﬁ% hydr ogel s
' b) TRIS, 47 parts |

e) VP & d) OMA, 40 parts combined
. e) n-Hexanol, 40 parcts

2

®

£) HEMAVe, 0.3 pact of NVP amount
g) Daroour, 0.2 part
The modulus-gogposition relationship is depicted in

Figure 3.

A monomer mix of the formulation as described in
Exauples 4, 2, 12 was filtered through a disposable 1.2
micron milliipore filter into a clean vial. Under an
inert nitrogen atmosphere, 60-9C ul eof the alx vas
injected onto a clean plastic mwold half and then covered
ﬁiﬁh a second plastic mold half. The molds were then
coppressed and cured for 80 minutes in the presence of
UV light (4200 microwatts/cm?). The molds were then
cpened mechanically and puk into a beaker containing
agnecus ethancl. The lenses were released from the
molds within 1 hour, then extracted with ethancl for 48
hours, mnd boiled in distilled water for 4 hours. The
resultant lenses were inmpected for cosmetic guality,
cytotoxicity and dimensions. Lenses passing inspection




cont ai ni hg NVP as a wetting agent have a nuch hi gher nmodul us as

conpar ed with silicone hydr ogel s t hat I ncoporate acrylic-containing
nononers, such as  ~7glycerol nethacryl at e&wand, N, N- di met hyl acryl am de
( DVA) . W observed, and this inventiof® contenpl ates, that the

ware thermally disinfected in phosphats buffered saline

priocr to on-eye evalustion.

The cast-mslded polyurethane lenses describsed in
BExanple 12 were evaluated on si® te tem paéigmts. n
each test, 2 poly(HEMA} contrel lens was worn on one eye

' and the test lens on the other eye. The leuses ware
analyzed sfter a miniwm of one hour, amnd preferably 5
hours or longer for wettabiility and surface deposition
study. The surface wetbability rating scale was 0-4
with 0 representing 2/3 of the anterior surface unwetted
by the tear Film, and 4 zupresenting complets wetting.
The deposition seale was alse 0-4 with 0 representing mo
curfana daposits and 4 vepresenting multiple deposits of
0.5 zn diameter or larger. The results for the lemses
of the sontrel Termulation (according to Example 4) was
3.0 for wekting and 0.4 for deposits after five hours of
wear. For lenses copprising I pazt of VDMO (Bxrample 7
formulation) , the results showed & weabtbsbility rating of
3.3 and a deposit vating of 0.7 after 5§ hours or weur,

Hany other mpdifications and variations of the
present invention arve possivle to the skiiled
practitionar in the field in light of the teachings
herein., It is therefore understood that, within the




i hcorporation of a vinyl-containing hyrophilic nonomner wi th an
acrylic-containing hydrophilic nononer as wetting agents into
silicone-containing fornul ati ons results in hydrogels suitable for - 4
bi onedi cal applications, especially+«@3dntact |enses Any known
silicone-containing prepolyner may be used to fromthe silicone
hydrogels of this invention, as will be apparent to one skilled in the
art, The nononers added tO,tq? mononeric 'x%unggg&%ibenqgnoners or
prepol yners. A "S5FEBoPYnEP® Freiu® e ERR(FTH " nier at €27 pol ymer  of

medi um nol ecular pRicERballayinds t1RQ! ¥ABhIZAR Spestally Adbesindd. S
under st ood that the

—_—

——
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terms " silicone-containing nononers" and~ “"hytrephitic— nononers" .-

I ncl ude prepol yners. Exanpl es of such nonomer s Ay in United
St at es Pat entenos.. 4,136, 250 ; - 4,153, 641; 4,740, 4%
5, 070; 215. Furt her, notations suecizgas " (met'f§
(meth)acryl ami de are used herein to denote optional
sunstitution. Thus, for exanple, nethyl (meth) acryate includes both

met hyl acryl ate %gd &mnget hyl

1. A methed for making a silicome-containiag hydrogel
copposition comprising the steps of a) combining at
least one vinyl-conbaining monomer, at least ene
awg&%ﬁamtaining mononar and at least one silicone-
@@néainimg prepolyser into a mohcmer mix and b) curing
the monouwer mix resulting from step a) to form a
slilicone-containing hydrogel compositien.

2. The method of Claim 1 wherein said silicone-
containing prepolymer is a urethane-gonbainirg

Prepolymer.

3. Uhe methnd of Claim 1 wherein gald silicone-
eontaining prepolymer is an ethylenically terminated
polysiloxane-containing prepolymer,

4. The mothod of Claim 1 whersin said vinyl-containing
Topgle =Y S may'bg selected from the group consisting of: Ne
vinyl-N-methyl acetamide, N-vinyl-N-ethyl acetamide, N-
vingl-N-methy! formanmide, and ¥-vimyl formamide.

5. The mathod of Claim 3 wherein aid vinyi-containing
monomer i I_:‘«vinyl pyrrolidens.

6. The method of Claim 1 wvherein said acrylie-
containing monomer is selected from the group sonsisting




met hacryl ate and N- al kyl (meth)acryl ani de includes both N-al Kyl
acryl am de and N-al kyl nethacryl am de. One pref‘er.‘é‘ﬁ_c‘l'é_s—s of

suitabl e silicone-containing nononers are bul ky pol; ‘ “I“
(meth)acrylic nononers represented by the ng.i;rul a (I II mll
[err] |

¢f: 2-hydroxyethyl methacryiate, glycersl methacrylate,
d-hydroxyethyl methaorylamide, diacetone acrylamide,

" methacrylie acid and acrylic acid.

7. The method of Claim 1 wherein sald acrylic~
containing monomer is N,N-dimethylacrylamide.

8. The nmethod of Clair i vherein said silicone-
vontaining prepolymer le & psly({erganosiloxane)
prepolymer represented by the fozrmmla:

113 Rs 3
a-(R%) =siﬁ[@esi]naoeSia (R7)=a
U ®4

wherein:

A is an activated unsaturated group, such as an
ester or amide of an acrylic er a methacxylic acids

each R3-R® iz independently selected from the group
sonsisting of a monovalent kzydr@carhm radical or a
balogen substituted monovalent hydrecarbon radical
baving J. to 18 carbon atoms which may have ether
linkages botween eérbén atoms;.

R’ is a divalent hydrocarben radical having from 1
te 22 carbon atoms; '
and

n is O or an integer grester than or egual teo 1.




Xis 0 or NR each R is independently hydrogemor methyt; —and—

igch Rlerr] is independently g | oner al kyl or phenyli m “”m m 'Ir 3to

8. The method of Clain 1 wherein sald silicone-
containing prepelymer is a bulky polysiloxanylalkyl
(seth)acxrylic monomer having the formulas

R
; .
: gie?iagl.
e gr*
B ! i
Hg@a@ags»xa (@Fzm f?ie@msiami
o o rt
Rrt— gi-gml
s

whereins
X is O or ER;
each R is i:ﬁﬂepw@e&tlf hydregen or methyl; and
each B is independently a lower alkyl or phenyl

_gr@'ﬂp-gnd
£ is 1 or 3 o 10.

i0. The method of Ciaim 9 wherein said bulky
polysilowanyalkyl (meth)acryléte momomer is melected
frop the group consisting of methacryloxypropyl
tris(trinethylsiloxy}silane,
pentametheldisinvanginethylnethacrylate,
trie(trirethyisiloxy)wethacsyiony propylsilans,
phepyltetranethyldinileoxanylethyl acetate, and

methvidl (trimethylailoxy)nethacryioxynethyl silane.




Such bul ky nmonomers include nethacryl oxypyl tris (trinethytsiteoxy—sil ane,
pent anet hyl di si | oxanyl net hyl net hacrylate , tris(trj

met hacryl oxy propyld silane, phenyltetranethyl disil 4““‘%’]1“%“’ é, and
] 8 ®

met hyl di _(trinethylsiloxy) nethacryl oxyrref’ﬁ T silar

31. T%he msthod of Claim 1 wherein said silicone-
eontaining prepolymer 1s a urethane-containing
prepolymer having the following schematic
rapresentations:

E(#D*ATADAG) o ADRABSDSE? ¢ OF

E{ *D*Gﬁﬁﬁﬁ‘@ ) g ®DRGHDIRS
wherein ' .

D Genotes an alkyl Giradical, an alkyl eycloalkyl
diradical, a cycloalkyl diradieal, an aryl diradical or
an alkylaryl diradical having € €0 30 sarben atoms;y

& denotes an alkyl diradical, a cysloalkyl
diradical, an alkyl cyclealkyl diraedieal, an aryl
diradical or an aslkylaryl diradieal having 1 to 40
carbon atoms and which may contain ether, thie ovr anine
linkages in the nain chain: |

¢ denotes a urethane oy ureido iinkage;

a is at least 1;

A" denotes a divalent polymeric radieal of formula:

§ t
£ 4.

- (CHz) g 8i-0
L ;g? .JP &E,

wherein: R® and R’ independently denote.an alkyl

{CH2 ) o

or fluoro-substituted ‘alkyl group having 1 te 10 c:ar:lboﬁ




A further preferred class of silicone- conta|n|ng-nnnene#s-a#e—%he~——
pol y(organosi | oxane) prepol yners represented by the fornuLa
wherein A is an activated unsaturated group e i
am de of an acrylic or a nethyacrylic -a&+d; SREiy e EROR Y

I's independently selected fromthe group con5|st|ng of a 'nonoval ent
hydr ocar bon radi cal or a

atoms whish may contain ether linkages between carbon
atoma;
| m is st least 1; and
p provides a moisty weight of 4@0 te 10,000;
£ and E° infdspendently dencte & polymerizable

mmesaturated organic radical represantsed by formule:
12
R

=G (CH) w~ (X} 3 (%) = (AX) R4~
wherein: RM denctes a divalent sikylene radical
having 1 €o 10 carbon atoms}

R*2 denctes H oxr CHy?

237 danetes H, a (C3~Cg) alkyl radical or a
~C0-¥-2Y5 grovp wherein ¥ is ~0-, -8- or -NE- mod RS is
a alkyl radieal ha;vimg 1 to 12 cazbon atoms;

" % im ~C0~- or -0C0=;

% is -0~ er =NH~§

Ar demotes an arematic redical having 6 te 30
caxbon aboms?

w is O to &;

x is 0 or 1p

v is 0 or 1y and

z i § or 1.

12. The method of Claim 11 wherein sald urethane-
containing prepolymer is represented by formulas




hal ogram .substituted nonoval ent hydrocarbon radmavrng—i-{—&_l&

carbon atons whi ch nmay have et her | i nkages
Rlerr] is a dival ent-hydrocarbon radical having fro "'
and nis O or an integer . greater thagg-or equal toe . 'y X
preferred class of silicone-containing nononers are the nononer s
having the follow ng schematic representations: (V) E
(*DA"*D*Q[err]*DFA"*DF*E ;  or (V1) E(*D>GD*A") [err]*D*G'D *E
; CHqy
}
E5C=C H B H H

. ] ) I l
COOCHyCHy Oﬁ;‘NSRlSEHﬁ@SHZCﬁg@@ﬁig@&zﬁﬁNSRlsmKC@(@iz)m
] ]

o o o o
ca;}-si;«-cﬁs
o
€i3-51-CH
(ﬁﬁz Jam Y
fﬂz . a
ByCeC H " E E

§ i | b b
co@eﬁgcﬂgoctnazal5uxﬁoesagcﬁgocagcngocmnﬁn1ﬁsm@ .
i
9] 9] o 4]

wherein:

R ig n diradical of a diisocyanate after removal
of the isocyanate group and m, p and a are the same as

previocusly defined.

13. The method of Claim 1 wherein said sllicone-
containing hydregel composition comprises of ,u)
bis(methacryloxyaikyl) polysiloxane, N,N-
dimethylacrylanide and N-vinyl pyrrolidene.

i4. The methed of Claim 1 wherein éaid silicone-

containing hydrogel copprises a urethane-containing

T ﬁiﬂ“uﬂi




-lé- i D denotes an al kyl diradical, an al kyl cycloalkyl diradical
a cycloal kyl diradical, an aryl diradical or- an alkELar i radi cal having

|
6 to 30 carbon atons; G denotes an al kyl di r-aﬁ wmyl .

diradical, an alkyl cycloal kyl diradical, ¥ aryl -
al kyl aryl diradical having 1 to 40

prapolymer, N,N-~dimethylacrylamide and N-vinyl |
. .mm@ﬁmm

o e

15, The mathed of Claim 1 wherein sald silicene-
containing hydrogel compesition furthaer comprises a
relatively non-polar ring-containing compound selected
frem the group consisting of 2-vinyl-4,4-dimothyl-~2-
oxazalin-5-one, 2-isspropenyl-4,4-dimethyl-i-cxagelin-8-
ene, ggcl@héxanePspirgm4'a(2’aisg@x@penglez'a@xagélesfw-
enea) , g@@l@hpxanewspirnééféta’=vinylﬁz's@xazales?ﬁ@me)
aud 2-(l-propenyl)-—4,4-dimethyl-oxazel-5-one.

16. The pethod of Claim 1 whersin said silicone-
containing hydrogel comprises an ethylenically
terminated polysiloxane-containing monomer, N,N-
dimethylacrylamide and N-vinyl pyrrolideme.

17. The method of Clain 1 wherein said silicone-
containing hydrogel farther comprises & crosslinking
agent having the gemeral sdhamﬂﬁk:;epxasentaﬁian

Aar
131' o
Bsf vvi
wharein
v denotes 33{ ‘/m@;
C=C

Vg A Y
R« K=L=¥~



cafbon atons and which Tay cont-ain ether,~thio-er-~anine |inkages in the....

mai n chai n; * denotes a urethane or ureido |inkage; & is—at—east
1; Al err]-denotes a dival ent polyneric radical 'o! L
[err] wherein: Rferr] and Rlerr] inpgependent! yii§g mﬂ m
L ®m s Y :
A’ denotes Ry Rge

/@*‘*ﬁ\
=Z=0 Ry»

) . Y 3

& denotes R
¢ i@ﬁ@ /RQ '
” S '
Ragr Q= H

Rys is an alkyl radical derived from substituted
and unsupstitited hydrocuzhons, polyalkylene ounids,

poly(perfluore) alkylene oxide, dialkyl-capped
polydimethylsiloxane, dialkyl-capped
polydimethylsiloxane modified with fluorsalkyl or
£luneroether groups;
Rgs=Rygpes are independently H, or alkyl of 1
to 3 carbon atoms;
o] is an organic group containing
aromatic moieties having 6 to 30
0 carbon atoms;
X, ¥, and % are independently O, KE or 8;
v? is 1, or higher:; and
at, s’ - are independently greater than or
egual te 0, and 28° 4+ 87 » 1.

18. The method of Glaim 17 wherein sald said
crosslinking agent is mathacryl@xyst'ﬁyl vinyl carbonate.




or' fludro-substituted alkyl group having 1 to 10 ¢
contain ether |inkages between carbon n

p provides a noiety weight of 400 to 10, 000; ' ntIy
denote a polynerizable wunsaturated orgagfégsradi cal orrruTa

(VIT1):

2. A& =ilicone-containing bydrogel compesition formed
by curing & monomer mix comprising at least one acrylic-
containing meonower, at leagt one vinyl-combtaining

mononer and at lesst one giliamemtaimﬁmg prepolynar,

20. The hydroegel composition of Claim 19 wherein saild
silicone—containing prepolymer is a urethane-containing

prepoliyner.

21. The hydrogel cemposition of Clalm 19 wherein said
silicone-containing prepolymer is an ethylenically
terminated polysilsxanc-sentalining nONAmar.

22. %ha bydregel composition of Claim 19 wherein said
ning ponomer may ba selecked f£oem the group

coneisting of N-vinyl-N-methyl acstamide, N-vinyl--

ethyl acetamide, Nevinyl-N-methyl fermawide, and Newvinyl

formanide.

23, %he hydrogel composition of Claim 19 wherein saig
vingl-containing monower is N-vinyl pyrrolidene.

24. The hydrogel composition of tlaim 19 wherein said
acrylic-nontaining wenomey is melected frum the group
consisting of 2-hydroxyethyl methaceylate, glycerol
methacrylete, 2-hydroxyethyl methacrylamide, discetone
acsylamide, methacxylic acid and asrylic acid.

b

ii j mrmﬂ'im !i*ii -



14 [err] wherein: R err] denotes .a dival ent al kyl ene radical
having 1 to 10 carbon atons; Rl er ri—denotes—Hor—CHer 1]

Rlerr] denotes H a ((ferr] -Cerr]) alkyl radical - - 1] grqup
Tl i

wherein Yis -0- -S or -NH and R err§ar= is ﬂ
23. The hydrogel composition of Claim 16 wherein said

acrylic-~tontaining menomer jis N,N-dimethylacrvlamide.

28. The hydrogel cemposition of Clain 19 vherein said
silicone-containing prepolymer is a poly{ergancosiloxane)
prapolymer represented by the formmls:

33 Rs R3
A-(R7) 55i=[oa5i3 ne@a%is (®R7)-a
74 26 :

wherein:

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

each R*-RS is independently selected fxom the group
consisting of a manwalents bydrocarbon radical or a
halogen substituted monovalent hydrocarben radiecal
having 3. to 18 ocarbon atém which may bave ether
iinkages between carbon atoms; _

R? is a divalent hydrocarben radical having frem 1
to 22 carben atoms; |
and

n is 0 or an integer greater than oy egual to 1.

‘ 27. The hydrogel composition of Claim 19 whersin said
silicone-containing prepolyser is a bulky
polysilexanylalkyl (meth)acrylic monomer having the
formulas |

Thns Sﬁaeet Has Eeen R




a alkyl radical having 1 to 12 carbon atons : X is -CO or
-OCO AZ denotes an aromati c radical haV| ng 6 to 30 carbon

at ons; -wis 0 to 6; x is 0 or 1, ”“mnmmmandh

A preferred uret hane nononer is represegé;gd by

Rl
! nl
~B1-R
.
R R
/
Egcéﬁ\ . & i
O~%~ {CB) fSi“@B%i‘sRl
0 g
o o =
!
8i- rY
gt

wherein:
X iz O or HR;
each R is iﬁﬂapenéently hyérogen ox methyl; and
each B is independentiy = Jower alkyl oy phenyl
group; and
£ is 1 exr 3 to 10.

28. The hydrogel composition of Claim 27 vhereln said
bulky polysilovanyalkyl (meth)acrylate is selected from
the group consisting of methacryloexypropyl °
tris(trinethylisiloxy) silane,
m@a@ﬂgi&sﬂmqh@twmmrﬂam,

txis {mthylsﬁwqﬂ methacryloxy propylsilane,
phonyltetranathyldisiioyanyiethyl acetate, and
sethyldd (tximethylsiloxy)methacryloxymetbyl siiane.
28. The hydrogel compositicn of Claim 19 wherein sgaid
silicone-containing prepolymer is & urethane-vontalning




LT
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prepolymer having the following schenmatic
representations:
E(#DeAr2DAG) a*nwitxa*f;_' ; or
E(DFGADSAY) o SDOGEDRE? ;
wvherein
D denstes an alkyl dirvedical, an alkyl cyelealkyl
diradical, a cycloalkyl diradieal, an aryl diradicail or
an alkylaryl @iradical having 6 to 3D cazbon atoms;
€& denotes an alkyl diradiecal, a syeloalkyl
diraa.ieal, an alkxyl cycloalkﬂ diradical, an axyl
diradical or an alkylaryl diradical having 3 to 40
ﬁarz;an atoms and which may eentain ether, thie or mmine
" linkages in the main chain;
# denctes a urethans or ureids linkage;
a is at least 1y
A" denvtes a divalent polymeric radical of formulns

“(CHy) g~

wherein: RS and R’ independently denote an alkyl
or fluoro-substituted mlkyl group having 1 to 10 carbon
atoms which may contain ether linkages between carbon
atoms s | '
= is at least 1: and

p provides a moiety welght of 400 to 10,0007

T



wher ei n: Rlerr] in a diradi cal of a diisocyanate after renoval

e R

L

74

E and E’ independently denote 8 polymerizable

unsatuzated organie radical represented by formulss
12
B

i
RIPCHC= (CHy) w (X) 3o (B) 3~ (AZ) y-R 14

wherein: 2% denntes a divalent alkylepe radieal

having 1 to 10 carbon atoms;

2} genotes H or Cg s

13 damctes ®, a (C;~Cg) alkyl radicel or a
~c0-2-R'5 growp whavein ¥ is -0-, ~S- or ~NH- snd BB is
a alkyl radical having 1 to 12 carbon atoms; |

X is ~CO0= or ~0C0-3

Z is <0~ or ~Ni-; .

aAr denctes an nromatic radical having 6 to 30
carbon mtems;

wis 0 te 6y

% is 0 or 1

v is 0 oxr 15 and

‘2 i8 0 or 1.

30, The hydrogel composition of Claim 29 wherein smig
urethape-containing prepolymer is yepresanted by the

Formmleas
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of *'the isocyanate group, and is nost preferably the diradical of isophorone
diisocyanate, and n , p and a are the sane as previously defined
Preferably, the sumof mand ais 3 or 4, and nere prefe ais 1and
mis 3 or 4 Preferably p is at |east 383~ e T
silicone-containing hydrogels of the present invé
contact |lens applications, can produce a W de varletycof&
hydr ogel cont act Iensgﬁs. As is understood in the field,,

met A t
' {
¥ COOCH,CH; o;m»als-mngoca;cagoeagcazoﬁzvaxz“wngotcazym
;

. - o 0 o o 4
| CRa~Bi~Chy

o
e
CHy~Bi-CH;3.
g (éﬁﬂm Jd
g | ﬂ

HoCat .= X H B
é@@@agmgem‘aﬁnlng#@mgmg@wgc@@@%ax“ﬂgwm
8 o 5 8

wherain:
236 is a diradical of & diisooyanate after removal

of the ispeyanate group and m, p and &8 ars the sans as
previously defined.

31. The hydrogel compositien of Claim 22 whgrein said

silicone~-gontaining prepolyner i of W

bis(methasryloxyalkyl} pelysiloxane, sald acrylic~

esmtalning hydrophiliec wetting monomer is N, N-

dinethyluexylanide and said vinyl-containing hydxgphilic
. wabting monomer is N-vinyl pyrrelidone,

Thi

b

Bw&HmbmmErmﬂ
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I n benéral hydrogel contact |enses shoul d have—oxygen.. _
perneabllltles wi th DK val ues greater than about :20 err cn[err

cmsec x cnfer] x nmmHg (or 20 DK units) and pr y,[ﬂﬂuﬁi lﬁm han about
60 DK. They should have a Young's nodul ugzef el adisflg nge of
about 5 t.o 400 g/mierr], preferably greater than about ZGB/ﬁh{érr] as
nmeasured by ASTM test nethod D1938. Their water content

32, The bydrogal composition of Claim 19 wherein saild
gilicone~aontaining prepoiymer is a urethansa-containing
prepolyrmar, kaild acyyliic-conkaining monomer is N,N-
dimethylarrylavide and and sald vimyl-containing nonomer
is ¥=-vinyl pyrrolidone.

33. The hydxogel composition Claim 18 wherein said
silicone-containing hydrogel cempositicn further

somprises a relativaely nom-polar ring-containing
conpound 415 pelected from the group consisting of 22—

vingl=4,é~dinethyl-2~oxazolin-S-one, 2-iscpropenyl=4,4=
dimethyli-2-oxnzolin-S-one, cyclohexane-spiyro-47—(27-
isopropenyl-2--oxazol=~5~pne), cyclochexane-spiro-47¢- ( 2=
vinylssz togxnzol~5 'aan@) and 2-{l-propanyl}—4 43@metny1-—

%220 ~5~0ne.

34. The hydrogel coaposition ef Claim 15 whereain said
silicone-containing hydrogel vemposition iz sn |
ethylenically terminated polysiloxane-centaining monomer
said zerylic-poptaining hydrephilic wghting monomer is
¥,N-dimethylaczylanide and said vinyl-containing
hydrophilic wetting monomer e N-vinyl pyrrolidone.

- 35. The hydragel composition of Claim 19 wherein sald
gilicone-containing hydrogel further cwoaprises w
erosslinking agent having the general schematic

representations
—_—
This Sheet Has Been R
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shoul @ be between about 10 and 80 %
which is a neasurenent of the'“VETTfﬁﬂ444Q¢‘aL the lens,

The contact angl e,

shoul d be |ess than about
about 40 degrees.
vi nyl -

to about 80 wei ght percent,
percent to about 60 weight

nonomer to acryl I c-containi ng nononer Ig’

40, nd is preferabl
9 P wﬁ@rgﬁn

VvV denctes

A7 denctes

& denotes

containing and acrylic-containing hydrophilice ol (el
concentration is fromabout 5 weight percent of the polynerlc hydrogel

and preférably bet we

80 degrees and should pr
The preferred ~f¥#nhge of t

b L

ﬂEgE—

en

20 and 60%

t han

m X

and nore prefgrgably from about 20 wei ght

percent. The ggjght ratio of

r VV'
R3 8 34 »
\&a c/
e
7
Rg s Rg 2
\: ”~
w e - \R 2
X 7!
o3 H
Regs Rgo
8\ - g
=
-~ ~N
Ryp* a= H

vi nyl

- cont ai ni ng
about 40:1 to about 1:

Rys is an alkyl radical derived from substituted

and unsubstituted hydrocarbons, polyalkylene oxide,

poly{perflucre) alkylena oxife, dialkyl-capned
polydimethylsiloxane, dialkyl-capped
polydimethyleilozane modified with f£luorsalkyl er

fivoroether groups:

Rys=Ryp? are independently H, or alkyl of 1
to 5 carbon atowss
4] is an organic group gantaiﬁing

‘ aromatic molieties baving 6 to 30
& caxbon atonmsy

' X, ¥, and 2 are indapendently O, NH or §:

-v' is 1, or higher: and

This Sheet Has Been
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hi'gher®than 1:1 The "present invention further provides artigl.es
of manuf acture which can be used for hionedical devices, uch as,
’ mlj!ﬂtt s, g
2 i cal

contact |lenses , surgical devices, heart val
af, s are independently gretiter than or

intrauterine device., nmenbranes and ot hgg-fi| ms,} kR
i npl ants, bl ood . *

egual o €, and w’® + s > 1.

36. The hydrogel composition of Clainm 35 wherein said
erasslinking agent is methasryloxyethyl winyl carbonate.

37. A biswmedical device mads frem tha hydrogel
copposition of Clain 19.

38. A contact lens made from the hydvogel compoasition
of Clalm 195.

39, The contact lens of Claim 38 whersin said hydrogel
copposition pomprises a,» bis(mcthaerylaxybutyl)
palysilexane, N,N-dimethylacrylamide and N-vinyl )
pyxrolidone.

40. The contact lens of Clain 38 wherein said hydrogel
composition further comprises a relatively non-palay
ring-vontaining compound is selected from the group
consisting of 2-vinyl-4,4é~dimethyl-2~oxazolin~5-one, -
isopropenyl=4,4-dimethyl-2-oxagolin-B-one, ayclohavane-
spiro—~47-{2 ’aisogrop&nxlsa repxazol-$f-one) , ayclcherane-
gpira-4°¢«-{27~vinyl-2*-oxaral-’-pne) and 2-(i-propenyl)~ .
. &,4~dimethyl~oxazol-5-vne. |



vessels, artificial ureters, artificial breast tissue -and—
intended to cone into contact with body fluid outsj,gs
menbranes for kidney dialysis and heart/|ung naciﬁ"'

catheters, nouth guards, denture |liners, «4straocul al f

especially contact |enses. It is known that blood, for exanple, is
readily and rapidly damaged when it cones into contact wth artificial

surfaces. The design of a synthetic surface
41. The contect lens of Cluim 38 vwhereih said hydrogel

gompesition further cemprisas a cresslinking agent

. bhaving the general schematic representation
a’ %
@ le
Ssi”i ~ VVP
wherein
V dencotaes Ry s Rge
\,
C=l
rd
Rg+ X=C~Y¥-
A7 denotes R é
H /Rs
Pd A
B 3
& denctes Ry ’§90
ot
~ =
Rage Q- 3

Rys is an alkyl radical derived from substituted
and unsubstituted hydrosarbens, polyalkylene oxide,
poly(perfluere) alkylenc oxide, @ialkylmaaép@ﬁ .
polydimethylsiloxane, dlalkyl-capped
polydinmethylsiloxane modified with £luorealkyl ox
£ivoroethsr groups:

Ras=Ryor are independently X, oxr alkyl of 1 to 5

. - ¢arbon abons; .
. o) is an organioc gronp containing aromatic
moleties having 6 to 30 carben atamsp |




which’is antithronbogani c and nonhenol ytic to bl ood is necessary for
prostheses and devices used with bl ood. The t €l ﬂ'ﬂl{ﬂﬂﬁﬂﬁﬂlﬂcl es
for use in bionedical applications" or “#fomedi cal dé L ,,«,:

material s disclosed herein have physicochenical properti es " réndéri hg them

suitable for prolonged contact with Iliving tissue, blood and the nucous
menbr anes. AI hagig {; ﬁ%%@! e fully understood at
the present tine, i Oi'l %ﬁ%%agg%t éi&% Sbr g

v’ iE i, or higher; and

&’, 87 are indspendently greater than or egual to
0, and a® 4+ 8° > i.

42, The centact lens of Claim 41 whersin saila

cresslinking agent is methacryloxyethyl vinyl carbonate.




the present

|nvent|on appear to reduce the depgsid i@

not mal- I y associated with, and believed to be caused by, he hlgh.,w

‘hydr ophobi city

of ‘the: hydrophoblc silicone- cont ai.ni ng nnnone

4. De 7 OCT®

e

WETTABLE BILICONE EYDROGEL COUPOBITIONS
AND METHODE FOR PHRIR HMANUFACTURE

This applieation is a centimuvatien-in-part
epplication of copending spplicatien Ser. No. 87/788,013
f£iled November 5, 1991.

The present invention relates te imp:aveé. wattable
polymeric hydrogel compositions usaful for the

production of biomedical devices, especially centact

lenses.

Hydrogels have been a desirable class of material .

for the preparation of biomedical devices, and have been -

Xnown since at least Wichterle, et al U.S. Patent No.
3,220,960 which disclesed hydrogels @amp‘gising a
hydrated polymer of a hydroxyalkyl acrylats or
methacrylate crosslinked with a corresponding dliester
(poly 2-hydrexyethyl methacrylate, known as poly-HEMA).

A hydrogsl is a hydrated cresslinked polymeric
system that contains water in an squilibrium state. The

physical properties of hydrogels can VAary .ﬁi@ély and ave

mostly determined by thelr water content. Since

hydrogels exhibit excellent biocompatibility, there has

27 Ciaim(s)
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Further %, the wetting agents of the present i nvention significantly =
reduce t.he contact angle of the surface - a clear indication to those
skilled in the. field that enhanced wetting has occurred. Fhe result,jng-
novel hydrogels conprising the wetting ageasts of the present invention
wer e unexpectedy hydrolytically stable, withi-n an acceptable range,
whil e coll ecting only an acceptable l'evel of deposits. Two
preferred classes of S|I|con contalnlggﬂn nononers caonte Iated by the

present inventi ofpagpeext the ush afobyepgale fipr
ethylenically 3 |

In the field of contact levses, various factoers

must combine to yield a material that has aypgepéiaté

aracteristicos. Oxygen permeability, webttability,
material strength and stability are but a few of the
factors which must be carefully balanced to achieve &
useable end-result contact lens. B5inee the cornea
recaives its oxygen supply exclusively from comtact with
the atmaé@hgggﬂ good oxygen permeability ié a sritical
charactazistic for any contact lens waterial.

It was discovered that cartaln crosslinksd
polymsric materials could be hydrated end retain their
water content. It was furthsr found that the higher the
water combent within contact lenses made fzom these
cresslinked hydrogel polymers, the greater was the

rgen permeability through the lens to the sornea.

Elgk water-containing hydzogels have at times
exhibited undesivable mechanical propexties.  For
example, sach hydregels are often nok easlly formed into
hydrolytically stable lenses. r guch materials
have at times exhibited tearing or other breaksge as a
zesplt of pour tensile strength. What was neaded was a’
highly oxygen permszbile material that was durabla and

Dafce



preylously descri bed hereln such as, nost preferably [err] bis

(nethacryalkyul) ponS|onane - The resulting polynore and
copol yners disclosed * herein can be boiled and/or antoclaved in wat er;
wi t hout bei ng damaged whereby sterilizatBen may be achi.eved. . Thus, -an
article forned fromthe disclosed pol ymers and copol ymers -may be used,
for exanple, in surgery where an article is needed which is =
conpatlble with I|V|n%’tiSsue' or with the nucous nenbranes. _

hily wettable. Wettability is important in that, if

the lens is not sufficiently wettable, it does not
remain 1@9?5.@@%@@ and therefors aamwtl be wern

- ' comfortably in the sye. Yhe @pﬁimm contast lens weuld
have not only sxcellent @xygén permeability, but also
sxcellent tear f£iuid wettability.

gilicona-containing materials ware tried as viable
centact lens materials and displayed very goed oxygen
permeability and durability. However, most silicone-
sontaining materials are largely hydrophebic and
therefore not sufficiently wettable. further, it is
believed that such hydrophobicity causes enhanced
deposit prehlems, which may also rasult in discomfort
when wearing contact lenses made f£rem certain silicone-

containing polymerxa.

Therefors, an eptimal bydregel materizl for
biomedical devices, such as centact lenses, would have
ideal rigldity, high oxygen permesbility and a high
degree of wettability.

In acgordance with this inventien, the surface

wattability of hydrogels, such as sllicone-containing

This is the a’@m@@@m@m ghoot
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*Thl_e'rfon,o.rrer m xes ‘enplaoyed in this i nvention, can - be readi ly cured to
cast shapes -by conventional- methods = such as UV pol ynerization, or

t hermal pol yrerization, or- ' .conbi‘nati-ons thereof, -as conmonl y
used in polynerizing : NS - s

hydrogels, snd more specifically :-p@lyuféthmessiiiéon@
hydrogels and ethylenically te

rminated polysiloxans
bydrogels such as @@1@ srganosilcoxane hyér@gelg, are

. eignificantly enhanced by incorporating both at least
ene vinyl-containing hydrephilic monomer and at least
ene acrylic~ecantaining bhydrophilic monomaeyr into the
m@nm@f mix along with the siliscne-containing penomer

er prepalyses.

Further, in ascordance with the present invemtion,
a method for making a wettshle silicone-contalning
hydrsgel composition is disclesed comprising the steps
of a) combining atm least one vinyl-centaining monomer,

g monomer and at least one

at least ene aczylic-vontainin
s8ilicone-centaining monomer or prepolymer inte a mopomer

misx and b) curing the monomer mix resulting frem step a)

to form a silicone-containing hydregel cemposition.

¥ is believed that the combimed vinyl-containing
and aczylic-containing mencmers act &8 wetting agents,

] 4
L

and interact with the predominantly hydrephoble
s8ilicone-containing moncmers apd prepnlymere in the
monemer mix to produce highly wetieble hydrogels with
ddenl wigidity. Such resultant hydrogels are especially
well-suited for use as contact lens materials.

This is the replacement skc3t




, ethylenlcally unsaturated conpounds. Representative free radical thermnal

:'polynerlzatlon initiators are . organi c. peroxi des, such as acetal perOX|de

| aur oyl peroxide, = decanoyl peroxide stearoyl peroxide, benzoyl perOX|de
~tertiarybuty|l peroxypivalate, - peroxydicartfonate, and the |like, enployed in
a concentration of about 0.01 to 1 percent by weight of ‘the total nononer
m xture. Representative W |n|t|ators are those known-in the field such
as, benzoin nmethyl ether, b- ' \+§173 , 1164, 2273,

Figures 1 and 2 depict the effect on modulus of
. polyurathane films as the composition ratic of NVP to
bmh is changed. .

Pigure 3 depicts the effect on modulua of
methacrylate~caepped polysilexane f£ilms as the
coemposition ratis of NVP to DMA is changed.

The present inventigﬁ relates to improved
wattabllity of hydrogels, aspecially silicene-centaining
bydrogels with ideal rigidity sultable for bicmedical

applications such as contact lenses.

The silicone-centaining hydregeis of the present
invention display improved wettability as a result of
the combined presence in the menomer nix of at least one
avrylic~containing nonemer and at least one vinyl-

containing wenoner.

- 8ilicone hydrogels (i.e., h

rdrogels containing
silicone) are usually prepared by polymerizing a mixture

containing at least one silicone-sontaining monomer and

Thts; is the t@ptacem@m shoot




1116, 2959, 3331. (EM Industries) and Igracure 651 and 184 (G ba-Geigy)

- ‘Pol yneri zation of the nmononer mx of this invention may be perforned in
the presence of a diluent, The polymerization product will then be in the
formof a gel. If the diluent is nonaquecgs, the diluent nust be renoved
fromthe gel and replaced with water through the use of extraction and
hydration protocols well known to those skilled in the art.

at least cne hydrophilic monomer. Either the silicane-
. - eontaining monomer or the hydrophilic monemer may |
nction as a cresslinking agent (& crosslinker being

lefined as a monower having mumltiple polymerizabla
fuctionalities) or & saeparate crosslinker may be

emploeyed.

The term “vinyl-containing® iz meant te refer to
aon-aceylic m@namgéa having the vinyl grouping (CHy=CH-}
whish are gemarally highly rea@tiv@@ such vinyl groups
are known to p@lmsrigé relatively sasily. ®acryliec- '
containing® wmonomers ave those compounds containing the
acrylic grouping (CH;=CRCOX) which are alsc generally

reachive.

The vinyl-containing monomers used in the present
dnvention imclu@é hydrophilic monomers such as N-viayl
pyzrolidone, N-vinyl-N-methyl acetamide, N-vinyl-N-aethyl
acetanide, N-vinyl-F-methyl formamide, N-vinyl

rmanide, with R-vinyl pyrrolidome (NVP) being the most

The acrylic-cantaining menomers used in the present
invention include hydrophilic monomers such as éa
hydroxyethyl methacsrcylate, glycerol methacrylate, 2-
bydroxyethyl methacrylamide, N,N-dimethyl
(meth)acrylanide, discetons acrylamide, methasrylis acid

This is the replacement sitCt
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It is also 'possi ble to pe”rf-o'rm- the f).c')l yrrerlzat i'on:. I n the absence bf
di fuent to produce a xerogel. These ' xerogels may then be hydrated to form
the hydrogels as is well -known in the art. ' - ' :

a

c-:?u: . - . - : ®

and acrylic acid with N,N-dimethylacrylamide {DMA) being
the most preferred. ' B

When both vinyl- and acrylic-containing monomars
are present within one monomer mixture, it is praferable
to aa& a cresslinking composition containing at least
ene vinyl-containing polymerizable group and at least
eae écz:yliée or styrene-containing pelymevizable grsup
dizclosed in copending and commonly assigned U.S.
Application No. 07/788,071 £iled November S, 1991 and
having the following general 3@&@@&@

represantation (I):

(I) ) Aﬁ ¢ a &
' y: Ry 0~\
Sg 8 VV 4
wherain:
vV denctes Ry i /3.4 ®
&=C
4] H
@
A¢ denctes Rsg 0\ /Rg D)
£=C

<9

8 denotes Rge Rg s
& : S ~
=€
& \
Ryge Q= ;

Thig is the replacement ghoot
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In-addition to the above-polynerization-initiators, the copol ymer of the
present invention may .al so include other nononmers as will be apparent
‘'to one skilled in the-art. For exgnple, .the mononmer.mx may i.nclude =~ .
addi ti onal hydrophilic . nonomers. col orant8s curing - agents, or T
uv- absor bi ng and tougheni ng agents such as those known in- the contact |ens
art. - The pol yners of this invention can be forned into contact

| enses by spincasting_ processes (sych as fhose djsclosed i . S. Pat. Nos.
3,408, 429 and 3, 496, 253y, cast nol di ﬂﬂrﬂé@iﬁ?&%@t@fﬁ”ﬁo%%i scl osed
in US. Pat. Nos. 4,084,459 and 4, i3=¥08teaCaal fiodudtans +etadet hods

t hereof, or any other known nethod for making .-

hydrecarhens, polyalkylens oxide,
pely(perfivers) alkylene oxide,
ydimethyleiloxana,

dialkyl-vapped polydimethyisiloxane
modified with fluercalky '
flusroether groupss

| Bai-Ryge  are imdependently H, or alkyl of I
_ to 85 cachon abtoms; )
<] : is an organic group centaining

aramatis moieties having 6 to 30
_ cazhon aﬁmé
X, ¥, and 2z are independently C, NE or 8;
v is 3, or higher; and .
af, af indepesidently are greater ¢than
or sgual to 0, and a‘ + 8% > l.

The addition of cresslinking agents of Formuls I
assists in the copolymerization ef the winyl-end
mers with each other as well as .

pors and prepolymers present in the
ser mix, sush as the relatively non-polar ring-

Thie Is the replacsment shoot
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contact | enes, .Pol yneri zati on may be conducted either in a spi.nning
mol d, 'or a stationary nold corresponding "to a desired contact |ens shape.
The | ens nay. be; further subjected to nechanical finishing, as
occasion’ - demarids. Pol yneri zation may al so be conducted in an .
appropriate nold or vessel to form buttonsT®plates or rods, which may theén
be procéessed (e.g., out or polished via |athe or |aser) to give a contact

| ens having a desired shape. The hydrogel s the present invention are
oxygen transporting, hydrolytically stable biologically inert,
and transparent. The nnndn% and prepolyners enpl oyed :

{II) N

- Ryy Ri3 Ryg

where ,
Ry and Rz independently dencte H or CH3; and
Rz and Ryg iﬁdapenéantiy denote methyl or
cyclebexyl radicals.

These ring-contalning monemers whieh may be
incorporated into the silicone-containing hydregels of
the present inventicn specifically include 2-
imopropenyl-4,4~dimethyl-2-oxazolin-S-one (IPDMO), 2-
vimylaé,4aaim@thylaﬁa@xazalinsse@ne (VDMO) , eyclchexane
spire—4’—{2’isopropenyl-2’-oxazol-5’-cne} (IPCO),
cyclohaxane-spira-4’—(2’-vinyl-2’oxazol-5’-cne) (VCO)},
and 2-(-l-propenyl)-4,4-dimethyl-oxazol-S-one (BFDMC).
The preferred cxazolonas sre prepared by known reaction
geguances set forth in commoenly assigned U.8. Patent No.
4,810,764, The amount of crosslinker used is ab@ut°@a@1
to about 5% of the vinyl-vontaining monsomer welght

& present in a useful formulatien.

We have ohserzved that silicone-containing bydrogels
containing XVP as a wetting agent have s much higher

This u@ the replacemont st




21+ khn_accordance with this invention,
. three di nensional
optically clear,

~ strong- and hydrophlllc

mpodulus &s covpared with siiicone hydrogels that
incorporate &cﬁyliéagﬂnﬁaining'm@n@mazgg sush as
glycercl methacrylate amd, N,N-dimethylaczylamide (DMA).
Wo oheezved, and this iavention contemplates, that the
inesxrporation of a vinyl-containing hydrophilic moncmer
with an aéiyli@aeéﬁtaining hydrophilic monomer as
wetting agents into sili@@@gaﬁ@ﬁtaimiﬁg formulations

' suitable for bicmedical

ragulis in hydrogels
epplicaticns, especially contact lenses.

Any known silicoms-containing prepoiymer may be
used to form the slliceme hydrogels of this invention,
a8 will be apparent to one skilled in the art. The
monomers added to the wonow
or prepolymers. A "prepolymer” is a reactiom
intermediate poly=er of medium miaeulaf welght having
pelymerizable groups. Thus it is understocd that the
tezms "silicone-comtaining momomers® and “hydvephilic
ponomers® include prepolymers.
any be found in United States Patent Nos. £,136,250;
4,353,641 4,740,8337 5,034,461 and 5,070,218,

ié

aric mivture may be monomers

Fucther, nokations suck az "({meth)acrylate or
% (meth) acxylanide are used herein o denste optional
methyl sunstitubien. Thus, for axample, methyl
{(math}acrylate includes both methyl acrylate and mathyl

This ie the replacement skoot
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The.rel ati ve softness or hardness of the contact |enses fabricated fromthe
resul ting pol ymer of this invention can be varied by.deceasing or
i ncreasi ng the nol ecul ar wei ght of the poliilloxane prepol yner end- capped
with the activated unsaturated group or by=*vVaring the percent of t he
conononer. As the ratio of ponS|onane units to end-cap units increases,
the softness of the material increases. - The followi ng exanples
serve only 10 f ur phphac ey bdbexaRDEA! (ultn} BErPIASRR! thBYEL Hbednd
shoul d not be construe nltlng the invention

K-alkyl acrylanide and N-alkyl methscrylamida.

One preferred class of suitable silicone-contalning

monomers &re bulky polysiloxanylalkyl (meth)acrylic
monomers represented by th@lﬁarmula {III):
. .
Ripg-nt
| » g ow
(11} Egcgcegexg{@g}fa%i**@sfisﬁl
o o rt
| les:ienl
rl
wherains
X is O or WNR;
pach R is independently hydrogen or methyl; and
each R is independently a lover alkyl er phenyl
group: and

€ is 1 or 3 €s 10.

Such bulky monomers include methmeryloxypropyl
tris(trimethylsiloxy)silane,

& pentanethyldisilexanylnethylnathacyrylate,
tgig(tzimathylsiloxgﬁm@tha@rylémy propylsilane,
phenyltetramethyldisiloxanylethyl acetate, and
methyldl (trinethylsiloxy)methacryloxymethyl silane.

Thﬂs ‘is the replacement SkT3t
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'The follovm ng abbrew atlons are defined as fol | ows: NVP . IS

N-vi nyl pyrrolidone DIVA ~is N, N -di nethyl acrylam de

HEMAVC i s methacryl-oxyet hyl vinyl carbonate. . TRI'S S .
met hacryl oxypr opyl tris (tapaet hyI si l oxy)si |l ane | DS3H
is.a urethane prepolynmer derived from: ] . |sophorone : I

di i socyante, diethylone

& gurther preferred class of silicone-containing
sonomers are the poly(ocganoesilexane) prepslymers
reprasented by the formula (IV):

Rs gs 3
(Iv) a-(m’) esiaga«ssijmenasiam‘ﬁéa
O | 51

& is an aétivat@@ unsaturated group, su@h as an
rer or anide of an scrylic or a methacrylie acid:
each R>-RE is independentiy selectsd from the group
consisting of a monovalent hydrocarban radieal er a
haleogen substituted monovalent hydrocerben radical
having 1 s 18 carbon atoms which may have sther

Llinkages betwesn carbon atomsy

®’ is a divalent hydrocarbon radical having from 1
€tg 22 @r&@n abogs;
and

n is 0 or an integer greater than or egual to 3.~

A further pruferred class of silicone-containing
nonemers are the moncmers having the following schematic

zepresentations:
(&) EB(4DeaB2D%G] o ¢DIANRDAE’ ; oF

| (VI) E{SDEGRIBAY) L DFCADAE? 3

This is the replacement skTat
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gl ycol, polysiloxanediol -encapped with: 2- hydroxyet'hyl
met hacryl at e Merr]Derr] is an [err] -bin (nethacryl oxyal kylg,“
pol ysiloxans  VDMO is 2-vinyl- 4, 4-dinet hyI 2- oxazol i ne- 5 one -

&

=13«

D denotaes an alkyl diradical, an alkyl éy@lcalkyl
| diradical, & eycloalkyl diradisal, an aryl diradicsl er
an alkylaryl .éix:gaicaza haviﬁg' € to 30 carben atems;

G denotes an alkyl diradical, a cyclealkyl
diradical, an alkyl cycloalkyl diradical, an aryl
diradical er an alkylaryl dirsdical having 1 to €0
carbon atoms and which may centain éther, thioc or amine
linkages in the main chain:

¢ denotes a urethane sr ureido linkage:

& is at least i; | ,

A% denotes a divalent polymeric radical of formula
{ViZ)s

]
(VII) ~ (g )y §1-0-f——51
LRg' jsa %50

wherein: R® and R®  independently denste an alkyl

{CHz)

cr fluoro-substituted alkyl group baving 1 to 1& carben
atoms vhich may conmtain ether linkages betwsen carben

atoms s _
a is at least 1§ and
g provides a molety welght of 408 €5 10,0007
& 2 and B’ independently dencte & pelymerizable

unsaturated organic radical represented by
formala {(VIII):

This is the W@pﬁa@;@m@m shkost
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EXAWPLES:1-6 Pol yur et hane-si|icone Hydrogel’s ™~ “Six pol yurethane hydr ogel

films containing the following ingredients, were prepared; - a} |DS3H,
- 30 parts; a) TRIS 30 parts; . ¢) NVP,. varled fromO to 40 parts;
4) DMA , varledfrom40t00parts(NVPQ;@EQMA = 40 - - part) . 'e‘) .
Met hacryl oxyet hylvinyl carbonate (HEMAVC - _ crosslinker) at 0.3% of
NVP amount; g) Darocur-1173, (Winitiator) , 0.2 part,
812 |
_ . il
(VIII) - RASecEeC (CHp) we (X) 3 () 2~ (Ar) =024

wherein: B¢ denotes a divalent alkylene radical
having 1 to 10 carbon asbtoms:

enotes H or CHy»

”*? denctes B, & (C3~Cg) alkyl radical or a
=CO~¥-R™° group wherein ¥ is —0-, -8- ox -ME- and 3% is
& alkyl radical baving 1 o 12 carben atomas

X ig «C0— or -0C0-:

g is -0~ oy -HE-:

Ar édenctes an arowatic radiecsl heving 6 to 20
carbon atomsy

w is 0 &0 6;
® 3is 0 éz b 8
v is 0 or 1; and
£ is § or 1.
A preferred urethane moncmer is represented by
forpula (IX):

This is the replacement sh.&
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These fornul ations were W cured; followed by et hanol extraction and
boilig water hydration, as is known inthe art, to give resultant:
~hydrogel films with the follow ng properties (vvater content and nodul-us).
Figure 1 depicts the resultant filnms of Bamples 1-6 wth one pl ot t ed

poi nt for each filmrespectively.

’@Es
' Eg@-“é? B :f , B W
a o § i
COOCHLCH, ogm—nlsanrﬁocnzeziaccmgcggotin@“amo(cag Y
- ) Y

. o o o o_
C’Hg“?iﬁ@ﬁg
{xx} : o
CH3-81-CH4
i
{CHa)
CHy ’ a
!
Kg@éf B H 8 H
1 t {
c@@@azcxzomeilsencmgcﬂzgcngegz@mamlﬁemom-

] M u
(4] © @ o

wherein: _

R¥6 ig s diradical of & diisoocyanate after removal
of the isocyanate group, and is most pfaférahiy the
diradical of isoph@:@na_diisgcyénate s @nd W, p and a are
the same as previcusly defined. Preferably, the sum of
mand a is 3 or 4, and more preferably, a iz 1 and » is
3 or 4. ¥Preferably, p is at least 30.

The wettable silicone-containing bydrogels of the
prezent invention, when used in sentact lens
applications, can preoduce a wide variety of typess of
bydrogel contact lenses. As is undezstood in the field,
in general, hydregel contact lemses should have oxygen

This is the replacement skoat
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230 N

37 Modulus - 430 - 281 150 80 79 63 .. . The
nodul us/ conposition relationship is depigged in :

<

pm&hilities with DX values greater than about 20 %
10751 en? % cm/sec x o’ x maBg (or 20 DK units) and
preferably greater than gbout 60 DK. They should have a
Young’s modulus of elasticity in the range of about § to
400 g/mm?, preferahly greater than about 20g/mu® as
ured by ASTM test method DiS38. Thelr water content

sherld be between about 10 and 80 %, and preferably
betwean 20 and 60%. The contact angle, which is a
messurement of the wettability of the lems, should be
iess then abent 80 degrees and should preferably be less
than about 40 degress. |

The preferrad range of the combined
vinyl-containing and a@zylicee@ntaim?m hydrophilie
wetting monomar comcestyation is from abewt 5 weight
percent of the polymerie hydzogel mixz to shout 80 waight
pervent, and morxe praferably from about 20 weight
percent ©o sbout 60 weight parcent. The weight ratio of

emer to acrylic-containing moncmer
is €rom about 40:1 o about 1:4C, and is prefezsbly
higher than 1:l.

The prasent fnvention furtber provides articles of
sannfacture which can be uszed for biomedical devices,
suck as, contact lemses, surgical devices, heart valves,
vassel substitutes, intrawberine devices, aemﬁgéﬁes and

ragms, surgical implants, bloed

This is the replacemient skaot
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EXAMPLE, 7 - A f or mut at- on-'was prepar-ed “contai ning the sane e
ingredients and same weight ratios as those in Exanple 4, except that 3
parts of ‘NVF .amnd I part of DVA was replaced by 1 part of VDMO. The -,
fornmul ation was cast onto filns and procegped as done in Exanples 1-6. The
resul ting hydrogel filnms had the follow ng properties:

vessels, artificial ureters, artificial breast tissue
and membranes intended to come into contact with hé@y
£luid cutside of the body, e.g., memkbranes for kidney
dialysis and heart/lung machines and the like,
catheters, mouth guards, denture liners, intrascular

devices, and especially contact lenses.

It is known that blood, for example, is readily and
rapidly damaged when it comes into contact véith
artificisl surfaces. The design of a synthetic surface
which is antithrombogenic and nonhemolytic to bloed is

necessary for prestheses and devices used with bleed.

The terms “shaped articles for use in biemedical
spplicationa® oxr "bismedical devices” mean the matarials
disclosed herein have physicochemical properties
rendering them suitable for prolongsd contact with

1iving tissuve, blood and the mucous mesbranes.

Although the exact mechanisms

sre not fully

understoesd at tha present time, the wetting agunts of
the present invention appear to reduce the deposition
problems normally asscciated with, and believed to be
caused by, the high hydrophobicity of the hydrophobic

silicone~-containing monomers.

Thﬁs ie the replacement shast
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wat ey content, 40% nodulus 110 g /mmferr]. . | Pol yur et hane -
formuations of the ingredients as in Exanples 1-6 but of different
rel ative parts, as shown in Table 2, were prepared..

=18

_ Further, the watting agents of the present
invention significantly reduce the contact angle of the
surface — a slear indication to these skiiled in the |
field that enbhanced wetting has ooocurred. The resulting
novel hydrogels comprising the wetting agents of the
present invention were une:@eat@dly hydrolytically
stakle, within an acceptsble range, while eellaéting
only an acceaptable level of depesits.

Two preferref classes of silisone-comtaining
nomousra contemplatad hy the present inmveution are
matﬁan@a»wntainmg prepolyners, and ethylenically
‘terminated polysiloxame containing monomers as
previeusly described herein, such as, most preferably

e, bis (mathacryloxyalkyl)pelysiloxana.

The resulting polymers and copolymers disclosed
hexein can ba boiled and/or sotoclaved in water without
being dumaged whersby sterilization may be achieved.
Thus, an arbticle formed from the disclosed polymers and
copolymers nay be used, for sxample, in surgsry where an
article is neceded wm.@h iz coupatiblie with living timsve

or with the mucous meRbranas.

The monomer mives employed in this invention, ean
be readily curef to cast shapes by conventional matheds
such as UV polymerization, or thezmal polymerigation, or

This is the replacement skeot
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a) : IDS3H & b) TRIS, 34 parts each; c)NVP & d) DVA, 32 parts
coenbi ned; e) n-Hexanol, f)HEMAVC and g) barocure -1173, sane
parts as in Exanples 1-6 - The formul ations were cast and proceseg:in
the ~sanme nmanner as -in Exanple 1-6, with,,g.the water content and nodul us
data shown in Table 2. Figure 2 depicts the '

combinations therecf, as commonly uaéd in polymerizing
'@tﬁylemieally unsaturated @om?unds, Representative
frae radieal ﬁhéfmal' polymerization initiaters are

> organic pereoxides, such as acetal peroxide, lauroyl
peraxida, d‘.aa_ainojl p@gexé.@s, atearoyd pevoxide, Lbelizowyl
pevexide. tertiarybutyl percxypivalate,
peruxydicarbonate, and the like, employed in a
concentration af ah@ﬁt: 0.01 to 1 percent by weight of
the total monamer mixtura. Representative UV initiators
are these known in the field such as, benzein methyl
sther, benzoin ethyl ether, Darocure 1173, 1164, 2373,
2136, 2959, 3331 (E¥ Industries) and Igracure 651 and
184 (Ciba-Geigy).

Polymerization of the monomer mix of this invention
may be performed in the presence of & diluent. The
polymerization product will then be in the form of a
gel. If the diluent is ﬁiﬂaqu@mgé ; Ehe diluent must be
renavetl frem the .gel and replaced with water through the
use of extraction and hydration pr@ﬁ@r;@ls wall known to

- those akilled in the ark.

It is aiso possible to perform the polymarization
in the absence of dliluent to produce a xercsgel. These
xerogels may then be hydrated to form the hydregels as
is well Jonown in the art.

Dalcs



.fesul.tant filns of Exanples 8-11, with one plotted point . r'epresénti nqg

- each filmrespectively. - . Tabl e 2 - NVP/ DVA
- ratio 32/0 24/8 _-16/16 0/32 @ ~ wAter % o 25 26 31
25 . Mbdul us - 610 275 107 _gg. 87 . "The.

nmodul us/ conposi ti Qn relationship is further shown in Figure 2.

Tn additien to the above-zentioned polymerization
initiators, the copolymer of the present inventien may
alse ineluds sther méncm@f as will be apparent Lo ane
gkilled in the art. For exanple, the monomer mix may
ipelnde additional hydrophilic menomers, colorants,
curing agents, or UV-absorbing and toughening agents
such as th@sa.ﬁmmm in the contact lens art.

The polymers ¢f this invention can be formed into
centact lenses by spincasting processes (such as those
disvlesed in U.S. Pat. Nos. 3,408,429 and 3,496,254),
cast melding processes (such as thase disclosed in U.S8.
Pat. Kos. 4,084,459 and 4,187,266), cozbinations of
matheds theresf, or any other known method for making
eontact lenses. Polymerization may be conducted either
in & spisming meld, er a stationery mold corresponding
5 a Sesirsd contact lens ghape. The lens pay bs
further subjected to machanical f£imishing, as occaslon

nds. Pelymerization may zlso be conducted in an

appropriate mold or vesssl to form huttons, plates or
rods, which may then be processed (e.g., cut er polished
via lathe oxr laser) to give a contast lens having a

desired shape.

The hydrogels the present invention are oxygen
transporting, hydrolyticaliy stable, biologically inert,
and trangparent. %The monomers and prepolymers ewpleyed

This is the replacement shoot
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EXAMPLES 12-15 Merr]Dlerr] - based Hydrogel Filns The foll ow ng

silicone hydrogel fornulations viere prepared and cast processed into. - '
hydrogel films by the procedure of Exanples 8-11. Figure 3 depicts {he |
resulant films of Exanples 8-11, with onezplotted pointrepresenting each
film respectively, The ~ ingredients in the fornulated were: '

i
1

in accordance with this invention, are reaﬁily
poiynerized to form three dimensicnal networks which
permit the transpert @f cxygen and are optically clear,
streny and hydrophilie.

The reletive seftness or bardness of the contact
lenses fabricated from the rasulting pelymer of this
invention can be vaxried by aécaasing or increasing the
aslecular weight of the polysilexane prepolymer end-
capped with the activated unsaturated greup or by
varying the percent af the @@m@n@mer Az tha ratic of
p@li;gilaxan% units to end-cap units increases, the

" peftness of the material increases.

The following examples sexve only to further
illustrate aspects of the present invention and shonld
not be construed as limiting the invention.

The follewing abbreviations are defined as follows:

WP is N-vinyl pyrrolidone
| DA is N,N-dimethyl asrylamide
HEMAVe is methacryloxyethyl vinyl carbomnate
TRIS iz nethacryloxypropyl '
s tris(trimethylsilexy)silane
IDps3n is a urethane prepolymer derived from

isophorone diisocyante, diethylene

This is the replacement shoat
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a) Merr]Dlerr], 13 parts b) TRIS, 47 parts c) NVP & d)

: : )
DVA 40 parts conbined  e) n-Hexanol, 40 parts f) HEMAvVc, 0.3 part of
. NVP anount ~g) Darocor, 0.2 part The nodul u- conposition .
relationship is. depicted in Fi guis, 3. .

glycel, polysiloxanediol mcappéd with 2--
hydroxysthyl methacrylate '

Dy is an a,s -bis(methacryloxyalkyl)-
| polysilosane
VDHO is 2-vinyl-4 4-gimethyl-2-oxazoline-5—-one

following ingredients, were prepared:
a) IDS3H, 30 parks;
b} TRIS, 30 pazts;
g} W, vavled from @ to 40 pazrts;
d) DMa, varied from 40 tn O parts (WNVP + DMA = 40

parts}
e} Mothacryl

oxyetbylvinyl carbonate (HEEAVe
crosslinker) ak 8.3% of NVP amounbs

£) n-Hexanol 40 parts;

g) Derccvx-1173, (UV initiater), 0.2 pazt,

Thesa forauiations wdre UV cured, followed by
ethanol extraction and boiling water hydration, as is
hucwn in the axk, te giva resultant hydrogel filmes with
the following properties (water content and medulus).
Figurs 1 dapicts the resﬁltamt-gmg of »«w i=-6
with one plotked point for each £lim rgspgctivgiya

2



EXANPLE 16 Hydrogel Lens Cast i ng A nmononer mx of the formulation as

described in Exanples 4, 9, 12 was filtered t hrough a dlsposable 1.2
-micron millipote filter into a clean vial. Under an inert*nitrogen

at rosphere, 60-90 ul of the mx was injectgg-onto a clean plastic nold
hal f and then covered '

- Table 1

. SAMDT T 1 2 3 4 5 &
M/m z*at.i@ 40/0 38/2 35/5 30710 20/20 0/40
. | % water 35 46 84 41 41 37

Modulus 430 281 180 80 79 ° 63

The matmlus/cgﬁ@ositien relatienship iz depicted in
Figure 1. '

2 formmlation was prepared containing the same
ingredients and same weight ratios as these in Example
4, except that 3 parts ef ¥vp and 1 part _@f DMA wes
replaced by 1 part of VDK@ The fermulation was cast
ente £ilms and processed as done in Exsmples 1-6. The
resulting hydrogel f£iinms had the follewing properties:
water content, 40%; modulus 110 q/zmz.a

Polyurethane formulations of the ingredientes as in
s . Examples 1-6 but of different relative parts, as shewn
in Table 2, weze prepared.

Dato:
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- with a second plastic nold hal f. The nolds were then conpressed and cured
for 90 minutes in the presence of WV |ight (4200 nicrowatts/cnierr]). The
mol ds were then opened nmechanically and put into a beaker gontaining
aqueous et hanol. The | énses were rel easedgfromthe nolds within 1 hour,
then extracted with ethanol for 48 hour, and boiled in distilled water for
4 hours. The resultant |enses were inspected for cosnetic quality, '
cytotoxicity and di nensions. Lenses passing inspection

2) IDS3H & b) TRIS, 34 parts eachj

. ) NvP & d) DMA, 32 parts combined;
2) n~Hexanol, £) EEMAVe and g} Darocure-1173, same
parts as in Examples 1-6.

Ly
b1
LY

The formzletions were cast and processed in ths
sane manner as in Examples i~6, with the wabter content
and modulus data shown in Tebls 2. Figure 2 deplets the
resultant £ilms of Examples 8-11, with one pletted point
representing sach film wespectively.

Table 2
e SRR W - SN ) A0 A §
BVE/DMa xatie 32/0 24/8 18/18 0/32
water § 25 26 31 25
¥odulus 810 275 107 87

the madwlus/cemposition x@l&ti@mﬁip is further
shown in Pigure 2.

The following silicone hydrogel formuiations were
srepared and cast processed imnte hydreogel f£ilms by the
prosedure of Examples B-1X1, ?Lgmm 3 depicts the
regultant £ilxs of Examples 8-11, with one plutted
pointrepresenting each £ilm respectively. The

ingredients in the formulatlen were:

This is the replacement skoot




were thermal |y disinfected in phosphate buffered saline prior to on-ayé a
_evl_al uation. . The cast-nol ded pol yurethane |enses describéed in

a) MaDy, 13 parts
») TRIS, 47 parts
) NVP & d4) DMA, 40 parts combined
. &) n-Hewxanol, 40 parts
| £) HEMAVe, 0.2 part of NVP amount
g} Darsecur, @D‘z part

The medulus-compesition relationship is depicted in

Figure 3,

2 monomer mix of the formulation as described in
Examples 4, 9, 12 was filtered through a disposable 1.2
aicren millipore £ilter into a clean vial. Under an
inert n:itf@gen. atmosphere, 60-90 ul of the mix wvas
injected onte & clean plastic wold half and then covered
with a second plastic mold half. The molds ware then
coppreased and cured for 90 minutes in the presence of
oV light (4200 micr@watts_/cmz) - 7The molds were then
@éma@ wechanically and put into & beaker eontaining
agmeouns ethanol. The lenses wezre yeleased from the
molds within 1 hour, then extracted with ethancl for 48
hours, mad boiled in distilled water for 4 houzrs. The
resultant lenses were inmspected for cosmetic guality,

cytotoxicity and dimensions. Iensas passing inspectien

This is the replacement shcat
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Exanpl e *12 were evaluated on six to ten patients. In each test, -a

pol y(HEMA ) control |ens was worn on one eye and the test lens on the
other eye. The |lenses were anal ysed after m ni rum of .one hour, and
preferably 5 hours or |onger for mef?@ﬁllly and surface dep03|t|on
study. The surface wettability rating scale was 0-4 with o representing
2/ 3 of the anterior surface unwetted by the tear film and 4 representing
conpl ete wetting 8RRS1 1Y Misippebeed\dR Bb éﬁ WakBefbd GRhESEN 1 NG
no surface deposits and representlng nultlple eposits of

di ameter or |arg@gxierThe owsayd svhlostimn. enses of the control fornulatlon
(according to Exanple 4) was 3.0 for wetting and 0.4 for deposits after .
five hours of '

The @astﬁmlé@d polyurethans lenses described in

Bxanmple 12 wers evaluated on six to ten patients. In
@agh‘tésty 2 poly(HFEMA) control lens was worn om one oye
and the test Jens on the other eye. The lenses were
analyzad after a minimm of one hour, and preferabily 5
hours or loanger for wettability and suzrface depositien

° study. The sucface watkabllity rating scale was 0-4
with 0 repraesenting 2/3 of the anterior surface unwetted
by the tear £ilm, and 4 representing complete wetting.
The dsposition seale was also 0-4 with 0 representing zo
serfare deposits and 4 represanting multiple deposits of
6.5 mm diameter or lazger. The regults for the lenses
ef the control formulaticn (according ¢o Exanple 4) was
3.0 for wetting and 0.4 for deposits after five hours eof
wear. For lenses cowprising 1 part of VOMO (Example 7
foromlation) , the results showed & wattabllity zating of
3.3 and a deposit zating of 0.7 afber 5 bhours or wear.

Hany other modifications and variatiens of the
present invemtion ave possible to the skilled
practitionar in the field in light of the teachings
herein., It is therefore understood that, within the

This s the replacement skcat
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wear. . For IenseS'conprising'l part Of VDMO ( Exanple 7 fornulation),
the results showed a wettability rating of 3.3 and a deposit rating of

0.7 after 5 hours or wear, - Many other nodifications and variations

of the present invention are possible tao.g/e skilled practitioner in the
field in light of the teachings herein. It is therefore understood that,
within the '

scope O The clalms, the préasag imvantion can be .

practiced other than as herein specifically described.




.o me
earows o

scope orithe clains, the preséht inventidi tan e practiced other thaa...
as herein specifically descri.bed. . —

T e MmN

® € L ® 8 ®

We Claim:

1. & methnd for making a silicone-containing hyamgai
@@@p@sitiéa covprising the steps of a) combining at
deast one vinyl-containing m@nm, at least eme
acrylic-centaining monomar and at least one silicone~
@@m&@i@iﬂg prepolymer into a monomer mix and b) curing
the moncmer mix resulting £rom step a) te form a
gilicone-cantaining hydrogel composition.

2. The method of Claim 1 wherein said silicone-

@@mmg prepolymer ls a urethane-containing

prapalymer.

3. The methed of Claim 1 vherein said sllicone~
containing prepolymer is an ethylenically terminated
polysiloxane-containing prepslymer.

4. The methed of Clajm 1 whersin said vinyl-econtaining
. monomer may be selected from the group consisting of: N-
vinyl-N-methyl acetamide, B%vinyl«sna@thyl acetam
vinygl-W-nathyl formawmide, and N-vinyl formamida.

1de, H-
5. 'The method of Clainm 1 wherein said vinyl-cemtaining
monamer iz N-vinyl pyrrolidene.

€. The method of Clair 1 vherein sald asrylie-
ning monomer is selected from the group conmisting




28 W claim 1. A nethod for |rrprOV|ngthe wettabJ_LJ_t—y—ef——sH—heﬁrﬁe——

cont ai ni ng hydrogel's conprising the steps of a) conbi n| n
- silicone-containing .nmononmer and N, N- . di net hyl acryl am miim Iﬁn

vi nyl - cont ai ni ng nononer sel ected from t he.gf oup cons

n-vinyl -N-nethyl acetam de, N i nyI N-et hyl acet am de VI nyI N- mat hyl
formam de, and N vinyl formami de in a nononer m x and b) curing the
nononer

of: 2-hydroxysthyl mathacryiate, glycersl métha@rglate,
d-hydroxysthyl methacrylamide, diacetone acrylamide,
" mathacrylic acid and aszylie acid.

Te The method of Claim 1 whexein said aecylic=
@@ﬁtaiﬁmg movnoner is N,N-dimethylacrylamide.

8. 7The method of Claim 1 wherein said silicome-
containing pﬁ@ep@ljmer iz a p@ly{@rgmssilexana)
brepolymer represented by the formula:

a-(r%) esi,m [nasi]ns@ama (R7)=a
O R4

wheraein:

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

each RI-R® is independently selected from the group
eonsisting of a monovalent hydrocaribon radical or a
halogen gubstituted monovalent hydrncarbon radieal
having 1 to 18 carbon atoms vhich may have ether
linkages between carbon atamss

R’ is a divalent hydrocarbon radical having frem 1
to 22 carbon atoms: |
and

n i3 0 or an integer greater than or egual to 1.




m x of step a) to forma silicone-containing hydrogel with inproved— |

y‘;; 4 |

wetting properties. 2. The method of clains 1 or 2 wherein said vinyl-
cont ai ni ng nononmer is N-vinylpyrrolidone. 3. ‘

2 wherein said silicone- containing nononer, i s a ur-dINinesicisr

pr epol yner. 4. The nethod of Cains 1 679 wherei h said si'licone-

8. The method of Claim 1 whereln said silicone-
- sentaining prepolymer iz a bulky polysilexanylalkyl

{meth)acrylic moncmer having the formulas

-y
§
. ale?.ieai
e nt
3 b
Hz&scsgax—» (@%ig} fﬁfi'sg=‘imp.l
o % r:
pl— gi-pl
gl

whezreins
X is O or ER;
sach R is independently hydregen er methyls; and
each B! is independently a lower alkyl or phenyl
group; and |
£is 1 or 3 te 20.

18, method of Clalm 9 wherein said bulky
polysiloganyalkyl (meth)acryldte monomer ie eelected
£rom the group consisting of methacryloxyprobpyl
tris(trizethyleiloxy)silane,
pentanetbyldisilnvanylnethylinetbacrylate,
tris(trimethylsilowy)methacryloxy propylsilana,
nethyldisiloxanylethyl acetate, and
trimethylsiloxy)methacryioxymethyl silans.

Thie Is the replacement sheat




cont at ni;hg nmononer is an ethylenically term nat ed. pol ysi | oxane- cont ai ni ng -
prepol yner. 5. The nmethod of Clains 1 or 2 wherein said silicone-
cont ai ni ng nononer.is a pol y(organosi|l ox_aneg)z prepo”

cotat L

* ¢ [.] [ *

11. The methad of Clain 1 wherein s&id silicone-
containing prag_@lymm: is 2 urethane-containing
pzepblfmer having the ieilwiﬁg schematic
r@preséntatianss _ |
E(*DFA"SDAG) 4 SDRARADOET ¢ O
_ E{4DRCADEAD)  2DRGRDIR’ 5
" wherein ' |
D @.angte;s an alkyl @iradiecal, an alkyl cycloalkyl
diradical, a cycloalkyl diradiecal, an aryl diradical or
an alkyleryl diradical having € to 30 carben atoms;y
| G déﬁgtes an alkyl dizadical, s esyeloalkyl
diradical, an alkyl cycloalkyl diradieal, an aryl
diradical or an alkylaryl diradical having 1 to 40
carbon atoms and which may contain ether, thioc or amine
linkages in the main chain;
¢ denoktes a urethane cr ureido linkage;
a is at least 1;

A" denctes a divalent polymeric radical of formula:

g:‘ ) 1 N

. | | !

= {CH2 )y L—*s.isc f -84
; J

(CEa) -

=8’ |p =8’

vherein: R® and ®®’ infependantly denote .an alkyl
or flucro-substituted "alkyl group having 1 to 10 earbon

This is the replacement shTat
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29 - s ) [err] wherein. : ——-A-is—an—activated
‘unsaturated group, such as an ester or am de of 1

met hacrylic acid; - each Rerr]-Rerr] is inde
the group consisting of a nonoval ent hydsacar bon

atoms which may contain ether linkages between carbon
@t@&; ' |

t 1; and _
p provides a nmoiety weight of 400 te 10,000;
E and E’ independently dencta & fp@lm@ﬁiza_hle

unsaturated organic radical z‘epzés@nt@d by formulas
gl2
213 et (CHiz) g~ (X) 3= (B) g (A} =234
wharein: =4 genotes a divalent aikylene radieal
having 1 €0 10 carbon atems}

#:2 Jenctes H or CHy:

213 ganotes H, a (Ca~Cg} alkyl radical or a

~00-g~n2S group wherein ¥ is -0-, -8~ or -NE- and ®1E ig
a alkyl radical baving 1 o 12 carben etoms;

2 is -CO- oy =DCO=:

Z 1s =0- or ~NE-3 _ _

Ar denotes an aromzbtiec radical having € €o 30
caxbon atoms;

) w is 0 to 65
% is 0 exr 1
v is U ar L; and

z is 0 oy 1.

i2. Uhe methed of Clalm 11 wherein saiﬂ ursthane-
containing prepolymer is represented by formulas

This is the replacement sﬁ
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substi't ut ed nonoval-ent hydrocarbon radi cal having 1 to 18 ‘carbon at oms-

whi ch may have ether |inkages between carbon atcmﬁs— is' a
. dival ent. hydrocarbon .radi cal having from1 to bon at o .
is 0 or an integer greater t han or equal Losd. Hﬁi’ H ”ﬂﬂ,m, d ai ms
1 or 2 wherein said sili cone- v
e
e _
B50=C _ ﬁ S - H H

. b ! ] i
CODCHCHy | @?NsﬁlsexﬁﬁcﬁgGﬁg@@HZCHZQENSRI’BsNC@(@52)m
) u n

0 8 ' (o] (o}
Chs ‘*% i-CHy
O
S e
i P
CHg~B Eifs@ﬁg
(CHz)m
@!3 - “ .
F 4 : . ‘
e ® B B "

i 1 i § i ;
G@QGE;@QQ?NQR Ssnﬁcocagtmgacagcagc?:eﬁlﬁema -
! ] 1
o o o o

whereins
RS is a diradical of a diisocyanate after removal

of the isocyanate group and B, p and a are the same as
previously defined.

13. The method of Claim 1 wherein said silicons-
containing bydrogel composition comprises of ,u)
bis{methacryloxyalkyl) polysilexane, N,N-
dimethylacrylanide and N-vinyl pyrrolidone.

. 14. The method of Claim 1 wherein said silicone-
containing hydrogel comprises a urethane-containing

This is the replacement skt




cont ai ni Ag nononer is a bul Ky po I ysi | oxanyl al kyi,_(_nei—ha—ae%y“krc—nﬁnoner

”“ R

prepolymex, N,N-dimethylackylumide znd Nevinyl
pyrrelidona.

i5. The mathod of Claim 1 wherein said silicene~
@@ntaining bydrogel composition further comprisas a
zelatively non-pslsr ring-containing cempound selaected
from the group consisting of 2-vinyl-4,4-dimethyl-2~
exazolip-F-one, zﬂisopzmyls&g6adiaaﬁhylezeaxazé1inesw
gne, cyclshaxane-spire—47-(2'-iscpropenyl—2’-oxazel-5’~
one) , ml@h;mmewspi:@% ?e{2¢=vinyl-2' -axazol-5’-ane)
and 2-({l-propenyl)-4,4-dizethyl-oxazol~5-one.

16. Yhe method of Claim 1 wherein said silicone-~
eontaining hydrogel comprises an ethylenically
tarninated polysiloxane-eontaining ménmi N, N-
dimethylacrylamide end N-vinyl pyrrolidone.

17. The methed of Claim 1 m::éin said silicone-
containing hydrogel further comprices a crosslinking
agent having the gensral schematic ;epxesgntati@n

A'ar
R
P e S
Sg [ 4 v'vi
vherein
V detiotes Ry { /R,g ¢
,@g@ AN
Rye X';IQ'EY‘E’
' #

This is the r@pﬂ@@@m@m ghoot
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30: ‘"wherein:

nmet hyl ; and

group; and _ _

sai d bul ky

- Xis Oor-NR, = ~=e&cho~R4~sWhydTﬁge«n or.
each Rlerr] is i.ndependently a | a kyI a I :

. : y
fis 1or 3to 10. 7 . The netf “ m“i\ werej-n
) =35 ‘ ' l & * .
A’ denctes Ry Rge
. 5 &
ot

gl 7 Ry ' _
b o 3
& denctes Rg» . Rge
\ &
€=C
Ve %
Rap? O= H

Ris i3 un alkyl radical derived from substituted
and unsupstitutes hydrocusbons, polyalkylene sitide,

poly (perflucra) alkylene oxide, dialkyl—capped
polydimethylsiloxana, dialkyl-capped
polydimethylsiloxane wodified with fluvozealkyl or
filuorosether groups:

Ras=Ryg? are independently K, er alkyl of 1
te 8 @érb@n atoms;

Q iz an organic group centaining
aromatic moieties bhaving 6 .to 30
carboen atons;

X, ¥, and % are independently O, ¥ or 87

44 is 1, or higher:; and

a?, af are independently greater than ox
egual to 0, and 8’ + 8% > 1,

18. The method of Claim 17 wherein smaid sald
crosslinking agent is mathacryl@xyatﬁyl vinyl carbenate.




pol ysi'l oxanyal kyl (meth)acryl ate- nonomner is seleeted from the group
consi sting of nethacryl oxypropyl tris (trlnethyIS|ony) si | ane,

T e e MR
~phenyl tetranet hyl di si | oxanyl ethyl acet at'e $=and nmeth -
(trimethylsiloxy)nmethacryl oxynmet hyl sil ane 8. The met hod of Clains 1

or 2 wherein said silicone-
ie. A =ilicone-eontaining hydregel cm@@siﬁi@n.f@md
by curing & zonomer mix comprising at least one acrylic- |
containing menomer, at least one vinyl-containing

sonorer and at least one silicene-centaining prepolymer.

souposition of Claim 19 wherein said
silicona-containing prapolymer ie a ursthane-containing
prepolyner.

21. ‘The bydrogel composition of Claim 19 wherein said
gilicone-containing prepolymer is an ethylenically
terminated polysiluvxane-containing meonomes

22. The hydvrsgel composition cof Claim 319 whezein sald
vinyi-containing monener may be selected from the group
ecnsisting of N-vinyl-N-methyl acetamide, N-vinyl-N-
ethyl acetamide, N-vinyl-N-methyl formumide, and Newvinyl

Forsamide.

23. The hydrogel compesition of Claim 19 wherein sald
vinyl-containing monamer is N-vinyl pyrrelidune.

24. The hydrogel compositisn of Claim 19 wherein sajd
acrylic~sontaining wencmer is selected from the group
consisting of 2-hydroxyethyl methawrylate, glycercl
methacrylate, 2-bydroxyethyl methacrylamide, diacateone
sceylanide, methacrglis acid and serylic acid.

This is the replacement siot
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cont-aini ng nononer i s a urethane-containing prepolyner having the .

. following schematic representati ons: _/EQ——D*-#'*D’*GT_*D*A" :
*DE'; or ' E(* D*G*D*A") a*D*GD'E, wher D denot es

an al kyI di r adi caI , an al kyl cycloal kyl dagadi \! i radi cal,

an aryl diradical or an alkylaryl diradical haviinigss ek *3G “Cer bon at ons;

G denotes an al kyl diradical, a cycloal kyl -diradi cal an aI kyl cycl oal kyI

di radical, an aryl diradical or an g

25. The hydvogel composibtion of Claim 18 wherein maid
acrylic-containing sonomer is N, N-dimethylacrylamide.

2é. The hydrogel cemposition of Ciaim 19.wherain said
silicone-centaining prepolymer is a poly(crgancsiloxane)
prapelymer represented by the formula:

A=(r7) -5i.mzo-ss;,3 =g iem'? —A
6 i
R

vherein:

A s an activated unsaturated group, such as an
azter or amide of an acrylic or a methacrylic acid;

each 3-R€ is independently selected from the gréup
consisting .@f a m@navazgcaé hydrocarbon radical or &
halogen substituted monovalent hydrocarben radical
bBaving 1 to 18 carbon atoms which may have ethax
linkages betweeun carbon atoms;

R’ is a divalent hydfaéarh@n radical having from i
to 22 carbon atoms;
and

n iz 0 or an integer grsater than er egual to 1.

‘ 27. The hydragel compssition of cléim 1% wherein said
silicone-containing prepolymer is & bulky
polysiloxanylalkyl (meth)acrylic wonomer having the
formulas

This i the replacement shcit




31 ‘atkylaryl di radi cal having.1 to 40 car bon atons and which nmay contain
ether, thio or am-. ne linkages in the nmain chain; = ~——— demnotes a urethane

or ureido |inkage;

P he A deat 1 BT .

L

rr-gi-nt
ﬁ.
R o »t
N .
Eg@éﬁ\ . % @
€%~ {CHa) f&i‘a@ﬁ%iﬁ’gl
n . i
o o =B
1
&r— si- gl
gl

wherain:

X is O exr ¥R
sach R is iﬁd@g@eﬂﬂy hydrogen or methyl:; and
each R* is indspendeptiy a lower alkyl or phenyi

- group; and

288

£ iz 1 or 3 &5 10.

The bydrogel camposition of Claim 27 wherein said

bulky polysiloxamyalkyl (meth)acryilate is selected from
the group comsisting of methaorylosypropyl -

tris(trineth
pentamethyldiei lowan; in

yisiloxy)silane,
ethyimethacrylate,

tris(trinethylsiloxy)methaczyloxy propyleilane,
phonyltetranathyldisiloxanylethyl acetate, and
methyldd (trimethylisilony)nethacryloxysethyl silane. .

289,

The hyérogel composition of Claim 18 wherein sald

silicone-containing prepolymer ia a urethane-conkaining

This is the replacement sioot




A" tdenttes a dival ent~polyneric radical of formila: N
[err] . wherein: R err] and R err] independently denote an al kyl or

[ oro;substy e eliof arowp having 1 Lo 10 cor IR -

prepolymer hé.ving the following schemitic
repzes%ntéti@ns:
E(#DEANSDAG) o #DEASDIE’ ; or
.  B(4DRGEDEAY) o 4DEGADAE” ;
- wherein
D denctes an alkyl diradical, an alkyl cyelsalkyl
diradical, a cyclealkyl diradical, sm aryl diradical or
an alkylaryl diradical having 6 o 30 carbon atems;
G denotes an alkyi diradieal, a syclsalkyl
@ira@.ieal, an alkyl cycloalkyl diradiesal, ap axryl
diradical or an alkylaryl dixadical having 1 to 40
@aféon atoms and which may contain ether, thie or amine
" linkages in the main chain;
# denctes a urethane oxr ureid@ linkage;
a is at least 1;

AY denotes a divalent polymeric radical of Zormula:

wherain: =% and R’ independently dencte an alkyl
or fiucro-substituted alkyl group having I to 10 carbon

atems which may contain ether linkages bhetween carbon

gtems;

m is at le;ast is and

p provides 2 molsty weight of 400 to 10,0007

This is the replacement skoot
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mis-at least 1; and p prOV|des a noi ety weight of 400 to :
10, 000; E and E independently denote a poIynerrzab%e———unsaLuLngd
organi c radi cal represented by formula: . .

wherein: R err] denotes a dival ent alkyleng radlcal

at ons; Rl-err] denotes H or CH[e

a (Cerr]-Cerr]) alkyl radical or a

E and E? in@ape&ﬂeuﬁly dencte a,p@lymgrizable

unsaturated organic radical represented by formula:

12

i
B3R (CH )y~ (X) 3~ (5) 2= (Ax) y-RI-

wherein: R denntaes a divalent alkylene radical
having 1 to 10 carbon atoms:

212 gonotes H or CHg:

23 genotes H, a (C3~Cg) alkyl xadical ox a
gO-g=plE group wherein ¥ is 0=, =8- ez %NHF and »5 ig
a alkyl radical having 1 to 12 carbon atoms:

X is -0~ or -00-3

Z is ~0- or =NEH-; w

Ar denvtes an aromatic radical baving 6 to 30
carbon atoms; '

w is 0 ke 67

2 is 0 or 1

v is 0 6 1 and

2 is 0 ox 1.

30. The hydrogel c@ﬁp@sitiaa ef Claim 25 wvherein said
urethane-gontaining prepolymer is represented by the
Lormilas

Wiy e



-CO.Y:-Rterr] group wherein Yis -0-, S or -NH+ and Rlerr] is a alkyl

S S 'ﬁfiui’mmmummgu

COOCH,CH, o?n‘-sﬁ *’R%@@Ez@ﬁg@@ﬁz@ﬁg@ﬁﬁ@ﬁ ﬁmge (CHz) p
| ' - i
8 & o & 0

GHQESi“GHj :

.‘\§MEEE§fﬁ”@é

B
CHa-81~Ciy

|
| L (CBa)y
Ciig a
i . .
Hg@'sf B H H 4
) { A
mmgcggﬂmazlseﬂﬁggﬁgmg@ﬁigmgamvﬂlseﬁﬁﬁ@-é
M | ) Y
o o )

‘wherein:
736 35 a diradical of a diisocyvanate after removal

of the i@xyanatg grouyp and m, p and & ars the same as
previcusly defined.

3i. The hydrogel compositien of Claim 22 wherein said
silicone-containing prepolymer is of W .
bis(nethacryloxyalkyl) peolysiloxane, sald aczylie-
containing hydrophlilic watting monomer is N,N-
dimethylacrylanide and said vinylﬁcsﬁﬁgin;mg hydrcghilﬂc

. wetting monomer is Nevinyl pyrrolidone.
— _ ' Imeement SM“@
. Replaced This is the repla % 8
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Ar denot és an aromatic radical havi ng 6 to 30 car'bd”n;,qt’g_nj;;/w i s :

Otao 6; x is 0 or 1; y is 0 or 1; ;and
1. 9 The nmethod of Claim8 wherein said uret hane ‘ﬁﬁ“
prepolyner is represented by formul a: - —42= E -

L ]

J“«f‘qlw, $
® & #

32. 'rhé hydregel compasition sf Claim 19 wherein said
gilicone-containing prepolymer is a urethans-containing
prepolymer, said acrvliic-containing monomer is N,N-

. @imethylacrylamide and and said vinyl-containing monomer
is N-vinyl pyrrolidons.

_ 3:33 The hydrogel @a&yé&iﬁi@n Claim 19 vwherein maid
silisone-gontaining hydrogel compesition further
conprises a #@1ativaiy aon-polay ring-centaining
compormad I8 selected freom the group comsisting oz 2-

vinyl-4, ¢-dinethyl-2-oxazelin-5-one, 2~-isspropanyl-4,4-
dimethyl-2-oxazolin-S-one, cyclohaxana-spivo-47-(27-
isopropenyl-2 ‘-oxaznl-5f~gna} , cyclchexane-spiro-4?—(27-
vinyl-2 ’@@xaz@las;é@na) and 2-{i-propenyl)—4,4-dimethyl-

oxazol-5-one.

34, %he hydrgggl composition of Clalm 19 vhersin salid
silicone-containing hydrogel compositien iz an
ethylenically terminated polysiloxane-containing moncmer
said aerylic-containing hydrephilic wetting monemey is
¥, ¥-dimethylacrylanide snd said vinyl-containing
hyéx@hilie watting monomer is N—vinyl pyrroildone.

35. The hydrogel coupesition of Claiwm 19 wherein saild
silicone-containing hydrogel further comprises a
crosslicking agent baving the general schematic

representation:

_—

|
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ers] s - - 33 Rerr] isa

di r adi cal of a di | socyanate after renoval of o ————
o Il gt w
: s;?li = .Wvo
® . wherein . o
. v denotes _ R3{ . Ry
C=C

AN
Ry X-Cey=

A’ denctes Bge Rge
\CﬁC ~
N\
‘*525a R7 ?
© 3
8 denotes Ryges Rgs
-
€=
~ ~
Rl@ # 8- H

Rys is an alkyl xadical derived from substituted
and uasubstitutaed hydrocarbeons, polyalkylena pxide,
poely{perfiveze) alkylena exide, Alallkyl-capned
polydinethylsiloxans, ﬂialkylasagpea
polydimethylsiloxane modified with zlu@zaaikyl er
fluvorcether groups?

Rz s=Rype are independently H, or alkyl of 1

te 5 carbon atouss

4] ie an organie group g@nﬁgiﬁing

aronatic moleties having € te 30
& . caxbeh atomsy

X, ¥, and 2 are independently O, NH or 3

T ﬁ?iir’“



"the ‘i socyanate group and m, p and a are the same.as previously defined. -
“10. The nethod of Cains. 1 or 2 wherein said silicone- containing e

hydrogel conposition conprises [err] bis(net hacr’yll lmﬂim “Hji““»;f1 “j oxane,
N, N-di met hyl acryl ami de and N-vinyl pyrroljdone. m Hihbdliof Caftm
1 or 2 wherein said silicone- :

®

a’, s*  arae indsperdently greater than or

equal to 0, and &’ + 87 > .

36. The hydrogel composition ef Claim 35 whersin sald
erssslinking agent is methacryloxyethyl vinyl carbunste.

37. & bilemedical device mads fram the hydrogal
composition of Claim 18.

38. A contect ians made from the hydragel cempesition
of Ciaiw 1%.

39, The ceantact lens of Clainm 38 wherein said hydrogel
eomponition comprises e,» bis(methacrylexybutyl)
polysiloxane, N,N-flimethylacrylamide and N-vinyl .
pyrrelidone.-

40. The chntact lens of Clalm 38 whareln said hydrogel
compogition further cowprises & relatively non-pelar
ring-gentaining compound is selected £rom the group
consisting of Z-vinyl-g,4-dimethyl-2-oxazslin-S-cne, 2-
isopropenyl—¢,4-dimethyl—2-urasolin-G~one, cyclohevane—
spiro~4’—~{27-isopropenyl-2/~oxazol-5-one), cyclchaxane-
Spire-4f-(2’-vinyl-a’~oxazel-5~pne) and 2-(i-propenyl)- .
. 4 ,4~dimethyl~oxazol-5-une.

This is the replacement skt
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cont ai nf ng hydrogel conprises a uret hane-containing prepol ymer,

. N, N-di net hyl acryl anmi-de and N-vinyl pyrroli done. 12. The net hod of C ains

1 or 2 wherein said silicone- containing hydrogel fiyg :.:
{HIVAA 1p

rel atively non-polar ring-containing compessd selecitf
consisting of 2-vinyl-4, 4-dinethyl-2-oxazolin-5-one* Z—|§opﬂopényf 4, 4-
di met hyl - 2- oxazol i n-5-one, cycl ohexane-spiro- 4' (2" - |sopropenyl

' -oxazol -5 ' -one), cycl ohexane-spiro-4' (2'- vinyl-2 '1-oxazol - -one)
and 2- (1- propenyﬁ} - e fiontesy| lens of Claim 38 wherein saiq hydr@geé

composition further comprisaes a @x@sslinkiﬂg agent

=

having the genera.l schematic representation

- : A 4 a .4
¢ . ’ }1 i?
Ssv vvv
wherein
V denctas " Ryge - Rgo
Seoc”
0N
Rge X=C~Y-
H
A° denotes Rge Rge
% Ve
C=sC
& AN
=%-C Rye
B ;
8 denctes Rge /39 ¢
_ /Eﬁc "
Ryg? @ 3

Rys is an alkyl radical derived frum substituted
ama unsubstituted hydrecarbons, polyalkylene @xia@,
poly(perfluore) alkylene oxide, dialkyl-capped
polydimethylsiloxane, dialkyl-capped
polydimethylsiloxane modified with fluecrcalkyl ez
£lucroethar groups:

Rpr-Ryor are independently B, or alkyl of 1 to 5

. , carbon atons; e
0 is an organic group containing aromatic

moiaeties having 6 to 30 carbon atemsg

cct Has Been a;ml This is the replacement 8FCt
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oxazol -5-one. © . 13. The method of Claims 1 or 2 wherein said sili cone-
cont ai ni ng hydr ogel conprises ‘an ethylenically ter m nat ed
pol y:s1 | ox&ne- cont ai ni ng nonomer, N, N-di et hyl acryl ami de and N-vi

ol o

& and Z ar imﬂa@an@ently 0, BE er §:
v’ is 1, or highex; amd
B, 87 are independently greater than f.ggmal to

g, and a” + 8° 2 1.

42. The contact lens of Claim 41 whersin said
ng agent is mothacrylesxyethyl vinyl carbonate.

This is the replacement skoot
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34- . 14, The method of Clainms 1 or 2 wherein said silicone- containing
hydrogel further conprises a crossl|nk|ng agent havi ng t he general
schematic representation : L [err] wherein
denot es ' ' ' '

47"

lethods for their

Improved silicone-containing hydrogels are disclosed with cnhanced wettability
comprising a silicone-containing monomer, at least one acrylic-containing hydrophilic

monomer, and at least one vinyl-containing hydrophilic monomer.




' [err]; A" denotes [err] ———— S denotes
[err]

o D W

= C L L] *

——

- 28 -

We Claim:

1. A method for improving the wettability of silicone-
containing hydrogels comprising the steps of a) combining at
least one silicone-containing monomer and N,N-
dimethylacrylamide with a vinyl-containing monomer selected
from the group consisting of n-vinyl-N-methyl acetamide, N-
vinyl-N-ethyl acetamide, N-vinyl-N-methyl formamide, and N-
vinyl formamide in a monomer mix and b) curing the monomer
nix of step a) to form a silicone-containing hydrogel with
improved wetting properties.

2. The method of Claims 1 or 2 wherein sald vinyl-

containing monomer is N-vinylpyrrolidcone.

3. The method of Claims 1 or 2 wherein sald silicone-

containing monomexr is a urethane~containing prepolymer.

4. The method of Claims 1 or 2 wherein saild silicone-
containing monomer is an ethylenically terminated

polysilexane-containing prepolymer.

5. The method of Claims 1 or 2 wherein said silicone-
containing monomer is a poly(organosiloxane) prepolymer

represented by the formula:

ERS
G §
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:R[err] is an al kyl radical derived fromsubstituted and un EE?EA@ENE@@TSFEET
hydr ocar bons,—pelyal kyl ene oxi de, pol y(perfluoro) alkyl enejoxrde;
di al kyl - cappedf.oolydlnethyIS|onane di al kyl - capped pol ydi et

modified with 1 3 HMM@”E uor oet her groups; R[ ern] 4 hyI rﬂﬁﬁw

are |ndependen*t*é il f 1105 9¢ - Cc
R} R5 R3
7 [ . ﬂ. i . "
A-{R7)~8i-[0-81i]pn-0-Si~(R'}-2
LI CHE &

wherein:

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

each RI-RE is independently selected from the-gr@up
consisting of a monovalent hydrocarbon radical er a halogen
substituted monovalent hydrécarb@n radical haying 1 to 18
carbon atoms which may have ether linkages between carbon
atoms;

R’ is a divalent hydrocarbon radical having from 1 to
22 carbon atoms;
and

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

6. The method of Claims 1 or 2 wherein said silicone-
containing monomer is a bulky po lysiloxanylalkyl

(meth)acrylic monomer having the formula:

gl
i
Rl-si-Rr:
{
o r:

¢
HZCaEﬂC"X~(CH2)fﬂSiQO“Si*Rl
] | 1.

o o wrt

: f
R —si-rt

— !

1
faced R

UL
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moi eti es havi ngg
i ndependent |y

a',

to 0, and a' +

Q ————+s—an_argani ¢ group contai ni ng

e R eTE—tOOY

arbon at ons; X, Y, and Z REPM@P’:@ENT SE_;:E?ET

, V' is 1, or{hfgner:

®

and

s, .Hs

y greatgp than or équal - 1pEC 97 ;

wherein:

X is O or NR;

each R is independently hydrogen or methyl; and

each RY is independently a lower alkyl or phenyl group;

and

£f is 1 or 3 to 10.

7. The methed of Claim 6 wherein said bulky

polysiloxanyalkyl (meth)acrylate monomer is selected from

the group consisting of methacryloxypropyl
tris(trimethylsiloxy)silane,
pentamethyldisiloxanylmethylmethacrylate,
tris(trimethylsiloxy)methacryloxy propylsilane;
phenyltetramethyldisiloxanylethyl acetate, and
methyldi (trimethylsiloxy)methacryloxymethyl silane.

8. The method of Claims 1 oxr 2 wherein said silicone-
containing monomer is a urethane-containing prepolymer
having the following schematic representations:
E(*D*AW&D*G) o *D*ANXDAE’ ; oF
E(*D GRD#*AY) o *DRCG*D*E’ ;
wherein

D denotes an alkyl diradical, an alkyl cyclealkyl

diradical, a cycloalkyl diradical, an aryl diradical or an

alkylaryl diradical having 6 to 30 carbon atoms;

G denctes an alkyl diradical, a cycloalkyl diradical,

an alkyl cycloalkyl diradical, an aryl diradical or an

=)
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15. The nmethod of C aim 14 wherein said_crosslinking agent is R
met-hacr yl oxyet hyl vinyl carbonate. 16. A silicone=containing hydrogel
conposition formed by curing a nononer m X conpri $ine | &R
silicone- containing nonomer and N, N-di net hyl acrymmm ﬂ:ﬁmwa vl -
cont ai ni ng nononer sel ected fromthe grLoyp consi st ' - m Visnyle- N- et hy
acetam de, Nvinyl-Nethyl acetam de, N "“vinyl-Nnethyl formam de, N vinyl
formam de and N-vi nyl '

alkylaryl diradical having 1 to 40 carbon atoms and which

may contain ether, thio or amine linkages in the main chain:'
# denotes a urethane or ureido linkage:;

'a is at least 1;

A" denotes a divalent polymeric radical of formula:

RS

)

Si—=(CHa)p~
p RS’

wherein: R® and RS’ independently denote an alkyl or
fluero-substituted alkyl group having 1 to 10 carbon atoms
which may contain ether linkages between carbon atoms;
m is at least 1; and
p provides a moiety weight of 400 to 10,000;
£ and E’ independehtly dencte a polymerizable.

unsaturated organic radical represented by formula:
Riz

I
RUI-CH=C- (CHp )~ (X) = (2) 3= (Ax) y-R}ME-

wherein: Ri4 denotes a divalent alkyleﬁe radical
having 1 te 10 carbon atoms;
Rr'2 genotes H or CHsy s
R13 denotes H, a (C3-Cg) alkyl radical or a

-co-¥-R13 group wherein Y is -0-, =S- or -NH- and RY is a

alkyl radical having 1 to 12 carbon atoms;

REPLACEMENT SHEET
= {1 DEC 1997

X is =CO- or =0L0-;
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pyrrol idone. 17. The hydrogel
vi nyl -'cont ai ni ng nononer
conposition of Clains 15 or
a uret hane-cont ai ni ng prepol yner.

conposition of Claim16 wherein-said

is Nvinylpyrrolidone. 18 ——Fhe-hydrogel
16 wherein

said silicone-c

T .

- 33 «

7 is ~0- or ~-NH-;

Ar denotes an aromatic radical having 6 to 30

carbon atoms;
w is 0 to 6;
x is 0 or 1;
vy is 0 or 1;
z is 0 or 1.
9.

prepolymer is represent

and

The method of Claim 8 wherein said urethane-containing

ed by formula:

CH3
4
mee  [wo :
COOCH;CH,| OCN-RL6-NCOCH, CHaOCH, CH0CN-R1C=NCO (CHy) 5y
o 5 5 5
CH3~S1-CiHa
o
\__i_/p’/
CH3-81-CHa
\ ()n |
!Cﬁg | a
HpC=C H H g H
E:oocaz cxzocéaRlﬁaI!zcocagcxzoczizcazoc;%kmal{uco —

it
o

]
c

wherein:

This Sheet

i

iwsBﬁm

THLTN

U]
o

Ut
C

- 1DEC 99/




:36 19 The hydrogel conposition of Claims 16 or 47whereir—saitd—

si-li cone-contai ni ng nononer is an ethylenically teﬁﬂn
L 8

pol ysi | oxane- cont ai ni ng nononer . 20. The hydrog
16 or 17 wherein said silicone-containing nonomner
pol y(or ganosi | oxane) = 33 -

r1® js a diradical of a diiseccyanate after removal of
the isocyanate groﬁp'and m, p and a are the same as

previously defined.

186. The methed of Claims 1 or 2 wherein saild silicone-
containing hjdragel'compositian comprises o,0
bis(mgthacryléxyal$yl) polysiloxane, N,N-dimethylacrylamide
and N-vinyl pyrrolidone.

11. The method of Claim 1 or 2 wherein said silicone-
containing hydrogel comprises a urethane-containing

prepolymer, N,N-dimethylacrylamide and N-vinyl pyrrolidone.

12. The methca'of Claims 1 or 2 wherein said silicone-
containing hydrogel further comprises a relatively non-polar
ring-containing compound selected from the group consisting
of 2-vinyl-4,4-dimethyl-2-oxazolin-5-one, 2-iscpropenyl-~4,4-
dimethyl-2-oxazolin-5-one, cyclohexane-spiro-4/-(2/-
isoprepenyl-2’-oxazol-5’-one}, qycloh@xaneaspiroeé'«(z'm
vinyl-2‘/-oxazol-5’-one) and 2-(l-propenyl)-4,4-dimethyl-

oxazol-5-one.

'13. The method of Claims 1 or 2 wherein said silicone-
containing hydrogel comprises an ethylenically terminated
polysiloxane-containing monomer, N,N-dimethylacrylamide and

N-vinyl pyrrolidone.

REPLACEMENT SHEET
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prepolyner represented by the fornul a:

wher ei n: A is an activated unsaturated group,
am de of an acrylic or a nethacrylic acid;
I ndependent|ly sel ected fromthe group
hydr ocar bon radi cal or a hal ogen

~ 34 -

[err]

eac{IERICNNI 1
consi sting ofhw“m" : »‘\

such as an ester or

LR @

14. The method of Claims 1 or 2 wherein said silicone-

containing hydrogel further comprises a crosslinking agent

having the general schematic representation

wherein
Vv denctes

A’ denotes

5 denotes

A’ai
th
ssl

R R
3(c / 4 ¢
,c=

Rye X=C=Y=

V4

4]

Rgs Rge
N Ve
/,Cﬂq\
=Z-C R

R 77

o]

Rg ¢ Rg-s
B\Cm P 9
7 ~N

Rig’ Q-

Vv 4

g

.1

Rys is an alkyl radical derived from substituted and

unsubstituted hydrocarbons, polyalkylene cx;de,

poly{perflucro) alkylehe oxide, dialkyl-capped

pelydimethylsiloxane, dialkyl-capped polydimethylsiloxane

modified with fluoroalkyl or fluoroether groups;

‘Rgs=Ryp’

are independently H} or alkyl of 1 to §

carbon atoms:

Thns Sheet Has ]Beclm
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substituted nonoval ent . hydrocarbon radi cal having 1-to 18 carbon atons - ...
whi ch nmay have ether |inkages between carbon atons; Rerr] is a
di val ent hydrocarbon radical having from1l to 22 cai | ﬁﬂfﬂﬂuﬂuﬁﬂﬂl

nis O or an integer greater than or equal to 1. : L ﬂ
conposition of Clainms 16 or 17 wherein- 38i4 siIicone-conta%nﬂhg’nnﬁoner I S
a bul ky i

) is an organic group containing aromatic
moieties having 6 to 30 carbon atoms;

X, ¥, and Z are independently O, NH or 8;

v? | is 1, or higher; and

a’, s’ are independéntly greater than or egual

to 0, and a‘ + 8’ > 1.

. 15. The methed of Claim 14 wherein said crosslinking agent

is methacryloxyethyl vinyl carbenate.

16. A silicone-containing hydrogel composition formed by
curing a monomer mix comprising at least one silicone-
centaining monomer and N,N~dimethylacrylamide with a vinyl-
containing monomer selected from the group consisting of n-
vinyl-N-methyl acetanide, N=vinyimNmethyl acetamide, N-
vinyl-N-methyl formamide, N-vinyl formamide and N-vinyl

pyrrelidone.

i7. The hydrogel composition of Claim 16 wherein said

vinyl-containing monomer is N-vinylpyrrolidone.

i8. - The hydrogel composition of Claims 15 or 16 wherein
said silicone-containing monomer is a urethane-containing

prepolymer.

REPLACEMENT SHEET
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pol ysi | oxanyl al kyl (nmeth)acrylic nononer having the formil a

T T Y i )

- 38 -

19. The hydrogel composition of Claims 16 or 17 wherein
said silicone-containing monomer is an ethylenically

terminated polysiloxane-containing monomer.

20. The hydrogel composition of Claims 16 or 17 wherein
said silicone-containing monomer is a poly(organosiloxane)

prepolymer represented by the formula:

 SHE R3
2 VIR R P
A-(R7)~Si-[0~8i]p-0-Si-(R7}~2
g4 g6 g4

wherein:

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

each R3-RS is independently selected from the group
consisting of a monovalent hydrocarbon radical or a halogen
substituted monovalent hydrocarbon radical having 1 to 18
carbon atoms which may have ether linkages between carbon
atoms;

R’ is a divalent hydrocarbon radical having from 1 to
22 carbon atoms:
and

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

'21. The hydrogel composition of Claims 16 or 17 wherein
said silicone-containing monomer is a bulky

peolysiloxanylalkyl (meth)acxrylic monomer having the formula:

- 1DEC 1997




‘wher ei n:

methyl ; and

gr oup;

Xis O

or NR

each R is independently hydrogen or

each R err]

I'S i ndependently a | ower_al kvl or_ phenyl

11U TITTEL  —— . |REPLACEMENT SHEET
| ' - 1DEC 1997
gt
Rlaéiesal
. R
W L odsea
HaC=C-C~X~(CHy) g~81~0-51i-R
i ' ! by
O o) R
| xl_ 81~ R}
2

wherein:

X is © 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 to 10.

22. The hydrogel composition of Claim 21 wherein said bulky

polysiloxanyalkyl (meth)acrylate is selected from the group

consisting of methacryloxypropyl

tris(trimethylsiloxy)silane,

pentamethyldisiloxanylmethylmethacrylate,

tris(trimethylsiloxy)methacryloxy propylsilane,

phenyltetramethyldisiloxanylethyl acetate, and

methyldi (trimethylsiloxy)methacryloxymethyl silane.

'23. The hydrogel composition of Claims 16 ox 17 wherein

said silicone-containing monomer is a urethane-containing

This Sheet Has Been

M

i

prepelymer having the following schematic representations:



and | f is 1 or 3 to 10. 22 The hydrogel conpdsition of Caim21
wher.ei n’ sai d bu#ky——ﬁﬁ+ysr+0xanyafkyl (nmeth)acrylate is selected fromthe

group consisti MQ E:SIOZI![ N tris (trimethylsil REPLACERENT SHEET
; »

pent anet hyl di si |}
tris(trinethyl si‘f propy+sis ane,

phenyltetranethyfd|3|onanylethyl acetate, and = 1DEC 1997

E(*D*A"RD%G) , *D*AU2DRE’ ; or

E(*DaG*DRAN) o *D*G*D*E’ ;

vwherein

D denctes an alkyl diradical, an alkyl cycloalkyl
diradical, a cyclealkyl diradical, an aryl diradical or an
alkylaryl difadical having 6 te 30 carbon atoms;

¢ denctes an alkyl diradicai, a cycloalkyl diradical,
an alkyl cycloalkyl diradical, an aryl diradical or an
alkylaryl diradical having 1 to 40 carbon atoms and which
ray contain ether, thio or amine linkages in the main chain;

# denotes a urethane or ureido linkage;

a is at least 1;

A" denotes a divalent polymeric radical of formula:

RE RS
] |
~{CH2) i ?ia Sﬁim(CHzimﬂ
rS’ . p rS’
wherein: R® and RS’ independently denote an alkyl or
flucro-substituted alkyl group having 1 to 10 earbon atoms
which may contain ether linkages between carbon atoms;
m is at least 1; and
p provides a moiety weight of 400 to 10,000;

E and E’ independently dencte a polymerizable

unsaturated organic radical represented by formula:
rl2

iy : .
RI3-CH=C= (CHp ) = (X) 3= (2) 5~ (Ar) y~R}4-

L

TMsﬂwdiTsBam

(]




xnethyldi (trimethylsiloxy) nethacryl oxynethyl silane. 23. The hydrogel
CORposi ti o[1 of Clainms 16 or 17 wherein said sili cmmﬁmmm!wmromer i s
a urethane-containing prepolynmer having the follo
representations: +# ¢ L B 5 0
- 39 - :
wherein: R derctes a divalent alkylefnie radical having 1
to 10 carbon atomsé'
R1? genotes H or CHi;
R13 denoctes H, @ {C1~Cg) alkyl radiecal or a
~co-¥Y-R*? group wherein ¥ is -0-, -S§- or -NH- and RS is a
alkyl radicai having 1 to 12 earben atoms;
X is -CO- or -0CO-;
Z is -0~ §r <NH=;
Ar denotes an arcmatic radical having 6 to 30
carbon atoms;
w is 0 to 6;
x is 0 or 1;
y is 0 or 1; and

z is 0 or 1.

24. The hydrogel composition of Claim 23 wherein said
urethane-containing prepolymer is represented by the

formula:

REPLACEMENT SHEET
- 1DF" 199/
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.38 E(*D*A"*D*G ) a*D*A"*D*E'; or

*DFA" Ya *D *G *D*E T whereri——————D denotes an al kyl
cycl oal kyl  diradi caj g HiuG y] diradical, an aryl
al kyl aryl diradical rbon atons

di radi cal, a cycl oal kyl

di radi cal or an

CH3

HpC=C ﬁ . H H X
! | { i
COOCH,CHy | OCN-R*6-NCOCHCH, 0CH CHa0CN~-R*6-NCo (CHy ) py
i K N i

o o (o) ’gﬁﬁ#mmm%%‘

'Cngsimrh3
~
CH3~S4-CHj
(CH2)m \
CH3 a
/
HoC=C K B H H
) b 164 t 6
COOCH CH 0CN-R16-NCOCH , CH,OCH  CH, 0CN-R Y 6-NCO-—

i i i i
o 0 o o

wherein:
R16 is a diradical of a diisocyanate after removal of
the isocyanate group and m, p and a are the same as

previously defined.

25. The hydrogel composition of Claims 16 or 17 wherein
said silicone-containing moncmer is a,0
bis(methacryloxyalkyl) polysiloxane and said vinyl-
containing hydrophilic wetting ﬁanomar is N-~vinyl

pyrrolidone.

26. The hydrogel composition of Claims 16 or 17 wherein

said silicone-containing monomer is a urethane-containing

T



al kyl aryl diradical having 1 to 40 carbon atons and mhrth“‘ﬂﬁy—ﬁfﬁﬁ%ﬁlL_m_
ether, thio or amne l'i nkages i-n the main chain; ST
or ureido |inkage; ais at |least 1; A" denot 5“3

pol ymeric radical of formula: ferr] e
Rlerr] and R err]' i ndependently denot e-adialkyl or

prepolymer and said vinyl-containing sonomer is N-vinyl

pyrrolidene.

27. The hydrogel compesition Claims 16 or 17 wherein said
siliccneec@ntaihing hydrogel composition further comprises a
relatively nénepclar ring-containing compound is selected
from the greép consisting of 2-vinyl-4,4-dimethyl-2-
exazolin-5-one, 2eisoprcpenyla4,4mdimethylﬁ2aoxazolinasmone,
cyglchexanemspiro$4'a(2'eisapropenylm2’scxazalQS’aane),
cyclohexane~spiro-4’-(2’-vinyl-2’~-oxazol-5’-one) and 2=-(1~

propenyl) -4, 4~dimethyl-oxazol-5-cne.

28. The hydrogel composition of Claims 16 or 17 wherein
said silicene-containing.hydrogel composition is an
ethylenically terminated polysiloxane-containing monomer and
said vinyl-containing hydrophilic wetting monomer is N-vinyl

pyrrolidone.

29. The hydrogel composition of Claims 16 or 17 wherein
said silicone-containing hydrogel further comprises a

cr@sslinking agent having the general schematic

representation:-
b
PRIEN
Sg¢ Vy?
wherein
REPLACEMENT SHEET
— ~ 1DEC 1997
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'f1uoro-substituted alkyl

group having 1 to 10 carbon atoms which nuy

contain ether |inkages between carbon atoms; T i and
p provides a noiety weight of 400 to 10, 000; E a :p;wi B Lu
denote a pol ynerizable unsaturated organic radical repwegen edsbys
[err]
= 42 =
V denotes Ry Ry
“eme”
Ve N
Ry X=C=¥~
i
Y H
A’ denotes Rg s 67
\Cmc
ﬁZ@C R7a

b

§ denotes Rgs Ry
\bmc"
N
Rig’ Q- i

Ry¢ is an alkyl radical derived from substituted and

unsubstituted hydrocarbong, polyalkylene oxide,

poly(perfluorc) alkylene oxide, dialkyl-capped

polydimethyisiloxane, dialkyl-capped polydimethylsiloxane

modified with fluoroalkyl or flusroether groups;

are independently H, or élkyl cof 1 to 5

Ry s=-Rygs
carbon atoms;
Q is an organic group containing aromatic
moieties having 6 to 30 carbon atoms;
X, ¥, and 2 are'independently 0, NH or S;
v is 1, or highexr; and
a'; s’ are independently greater than or egual

to 0, and a‘f + s’ > 1.
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39 ﬁherein: Rlerr] denotes a dival ent al kyl ene T adi cal having 1 to 10
carbon- at ons; Rl err] denotes H or CH[err] m I'””HE”]
denotes H, a (Cerr]-Cerr]) alkyl radical or wLL neHp 18 erein

Yis -O, -S or -NH and Rerr] is a
s436=n
30. The hydrogel cqmpcs;tlen of Claim 29 wherein said

crosslinking agent is methacryloxyethyl vinyl carbonate.

31. A biomedical device made from the hydrogel composition

of Claims 16 or 17.

32. A contact lens made from the hydrogel ccmposition of

Claims 16 or 17.

33. The contact lens of Claim 33 wherein said hydregel
c@mp@sition conprises o,® - bis(methacryloxybutyl)
polysiloxane, N,N-dimethylacrylamide and N-vinyl

pyrrolidene.

34. The contact lens of Claim 32 wherein said hydrogel
comp@sition further comprises a relatively non-polar xing-
containing compound is selected from the group consisting of
2-vinyl-4,4-dimethyl-2~oxazolin-5-one, 2-isopropenyl-4,4-
dimethyl~2-oxazolin~5-one, cyclochexane-spiro-4‘-=(2°~ '
isopropenyl-2’-oxazol-5’-one), cvclochexane-spiro-4/-(27-
vinyl-2’-oxazol-5’-one) and zskleprspenyl)m4,43dimethy1m

cxazol-5-one.

35. The contact lens of Claim 32 wherein said hydrogel

composition further comprises a crosslinking agent having

the general schematic representation

REPLACEMENT SHEET
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al kyl radical having 1 to 12 carbon atons; XTs=60—or -0CO-.;

Zis -0- or -NH: Ar denotes an aromatic radi ggl g 6 to 30
carbon at ons; .Wis 0 to 6; X is Q ‘q”"l!'
y is 0 or 1; and zis 0 or 1. o it tlL
- 44 - :
A'ar
Ry s
-~
SS;’ \Vv’
wherein '
V denotes Ry

Rge
gc/\
Ré: X=-C=-¥-

3 ;

A¢ denctes Ry Rg«
\ 7~
C=C
Z~C R

8 ;

8§ denotes Rgs Rg¢
Cgcl’
Ve e
Rio’ Q-

Ry+s is an alkyl radical derived from substituted and
unsubstituted hydrocarbons, polyalkylene oxide,
poly(perfluorc) alkylene oxide, dialkyl-capped
polydinethylsiloxane, dialkyl-capped polydimethylsiloxane
modified with fluoroalkyl or fluoroether groups;

Ry¢=Rjp’ are independently H, or alkyl of 1 to 5 carbon
atoms;

Lo} is an organic group containing aromatic mecieties
having 6 to 30 carbon atoms;

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

v’/ is 1, or higher; and
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24. The hydfogel conposition of Claim23 wherein said  urethane- contalnlng
prepolyner is represented by the fornula:

WRIT | BT

- 48 =

a’, s’ are independently greater than or egual to
6, and a‘’ + 8’ 2 1.

36. The contact lens of Claim 35 whereln said crosslinking

agent is methacrglcxyethyl vinyl carbonate.
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We Claim:

i. A method for improving the wetﬁability of silicone-
containing hydrogels comprising the steps of a) combining at
least one silicone-containing monomer and N,N-
dimethylacrvlamide with a vinyl-containing monomer selected
from the group consisting of n-vinyl-N-methyl acetamide, N-
vinyl-N-ethyl acetamide, N-vinyl-N-methyl formamide, and N-
vinyl formamide in a monomer mix and b} curing the manome?
mix of step a) to form a silicone-containing hydrogel with

improved wetting properties.

2. The method of Claims 1 or 2 wherein said vinyl-

containing monomer is N-vinylpyrreolidone.

3. The method of Claims 1 or 2 wherein said silicone-

containing monomer is a urethane-containing prepolymer.

4. The method of Claims 1 or 2 vherein said silicone-
containing monomer is an ethylenically terminated

polysiloxane-containing prepolymer.

$. The method of Claims 1 or 2 wherein said silicone-
containing monomer is a poly(organosiloxane) prepolymer

represented by the formula:

This is the replacamont st




——

.R[err] is a diradical of a diisocyanate after rennval& j m, f
group and m p and a are the sane as previously defi | g-
hydr ogel conposition of Clains 16 or 17 wherein said $ilfcone-scont ale
mononer is [err] ' :
= 29 -
R? R R3
% A ', Lo o7
A-(R )ﬁ?la[0$§l]nm0“%ia(1? y=A
re 15 R4
wherein:
A is an activated unsaturated group, such as an ester
or amide of an acrylic or a methacrylic acid;
each R>-R® is independently selected frem the group
consisting of a monovalent hydrocarbon radical or a halogen
W substituted monovalent hydrocarbon radical haying 1 to 18
carbon atoms which may have ether linkages between carbon
atomse;
R’ is a divalent hydrocarben radical having from 1 to
22 carbon atoms;
and
n is 0 or an integer greater than or egual to 1.
6. The method of Claims 1 or 2 wherein said silicone-
- eontaining monomer is a bulky po lysilexanylalkyl
o/

{(meth)acrylic monomer having the formula:

gL

i
ri-gj-rt

:

o Rl

R i )
HpCmC~C=X- (CHy ) §=§i-0-8i~R*
] { b,
o o rl
' [
Rl ..si-Rr*

rl
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bls(nethacryloxyalkyl) pol ysi | oxane and sai d vi nyl=——cont ai ni ng-hydrephilic

wetting nononer is N-vinyl pyrrolidone. 26. Th 0 ition

of lainms 16 or 17 wherein said silicone-containin a‘.mﬂ

ur et hane- cont ai ni ng - 30 - " Y
wherein:

¥ is © or NR;

each R is independently hydrogen or methyl; and

N

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

f iz 1 or 3 o 10.

. 7. The method of Claim 6 wherein said bulky
polysiloxanyalkyl (meth)acrylate monomer is selected from
the group consisting of methacrvloexypropyl
tris({trimethylsiloxy}silane,
pentamethyldisiloxanylmethylmethacrylate,
tris{trimethylsiloxy)methacryloxy propylsilane,
phenyltetramethyldisiloxanylethyl acetate, and
methyldi (trimethylsiloxy)methacryloxymethyl silane.

8. The method of Claims 1 or 2 wherein said silicone-
containing monomer is a urethane-containing prepolymer
| ﬁaving the following schematic representations:
E(*D*AV&D*G) o *DAANAD*E’ ; oF
E(*D*G%D#AY) 5 #DGXDRE’ ;
wherein
D denotes an alkyl diradical, an alkyl cycloalkyl
diradical, a cycloalkyl diradical, an aryl diradical or an
alkylaryl diradical having 6 to 30 carbon atoms;
G denotes an alkyl diradical, a cycloalkyl diradical,

an alkyl ecycloalkyl diradical, an aryl diradical or an

This is the replacement shoot \
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41 p}epolyner and sai d vinyl -containing monomer” 1Ts NVvimnyl —pyrrotidone '

- 27. ‘The hydrogel conposition Cains 16 or 17 wher qig

si |l i cone-cont ai ni ng hydrogel composition further. [ .Hﬂ
ri ng-cont ai ni ng conpound is selected ‘fromtehevg
of 2-vinyl -4, 4-di net hyl - 2- oxazolin-S-Qng1 2-1 sopropenyl -4,
4--di met hyl - 2- oxazol i n- 5- one,

non- pol ar

ively
i sting

L

alkylaryl diradical having 1 to 40 carbon atoms and which

r

may contain ether, thio or amine linkages in the main chain;

# denotes a urethane or ureido linkage;

a is at least 1;

A% denotes a divalent polymeric radical of formula:

wherein: RS and rS’ independently denote an alkyl or
fluero-substituted alkyl group having 1 toc 10 carbon atoms
which may contain ether linkages between carbon atoms;
m is at least 1; and
P provides a moiety weight of 400 to 10,000;
E and E’ indepeﬁdently denote a polymerizable.

unsaturated organic radical represented by formula:
r12

|
RY3-CH=C~ (CH2 )y (X) x= (2) g~ (Ax) y~R14-

wherein: R% denotes a divalent alkyleﬁe radical
having 1 te 10 carbon atoms;
R*? genotes H or CHs s
R}3 genotes H, a (C1-Cg) alkyl radical or a

-co-¥-R:S group wherein ¥ is -0~, -S- or =NH- and RS is a

alkyl radical having 1 to 12 carbon atoms;

X is -CO~ or -0C0-; L
This le the replacement sitcs




cycl ohexane-spiro-4'- (2 '-isopropenyl-2 '-oxazot=5"-one),—- S -
cycl ohexane-spiro-4'" (2 -'vinyl-2' -oxazol-5" - ongleefiidi eoe, ropenyl)

4, 4-di met hyl - oxazol - 5- one. 28.  The hydrogel diHH A4 @ﬂﬂjﬂﬁalns 16 or
17 wherein said silicone-containing hydrogel compOs TI oM,

ethyl eni cal I'y term nated pol ysil oxane- coriaini ng nononer and said
vi nyl -cont ai ni ng hydrophilic wetting nononer is N-vinyl “pyrrolidone.

% is -0~ or -NE-:

Ar denotes an aromatic radical having 6 to 30

IS

/“"

carbon atoms;
w is 0 to 6;
x is 0 or 1; _ \
y is 0 or 1; and

z is 0 or 1.

o 9. The method of Claim 8 wherein said urethane-—containing

prepolymer is represented by formula:

Cis
I4
HyC=C H H H H
- | R ]
COOCH, CHa| OCN-RY-NCOCH) CH,0CH  CHo0CN-RYC-NCO (CHlz ) oy

b i i 0
o o o }4‘“\

ChH3~8i-CH3
}
o]
o .
CH3-51-CH3
|
CH
. 1y (CH)m \
CH3 . a
4
HgC=C H H H H
: o 16 16_]
COOCH2CH20CN-R 8- NCOCH, CH, 0CH, CH20CN-RYO-N00 —

i i i i
o o} o} ¢’

wherein:

gfe= K

2 7 HAY 1088
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29. The hydrogel conposition of Claims 16 or 17 wherein said —

si |l i cone-cont ai ni ng hydrogel further conprises a S.Sdd Nk nt havi ng
t he general schematic representation: wher ei Hmﬂﬁﬂ ” “ﬂmﬂﬂi
v ¢ i L] $ @

[err]
aggaa
®S is a diradical of a diisocyanaté after removal of

the isocyanate group and m, p and a are the same as

previeusly defined.

16. The method of Claims 1 or 2 wherein said silicone-

eontaining hfdrcgel composition comprises o0
bis(methacrylbxyalkyl) polysiloxane, N,N-dimethvlacrylamide

and N-vinyl pyrrolidone.

i1. The method of Claim 1 or 2 wherein said silicone-~
containing hydrogel comprises a urethane-containing

prepolymer, N,N-dimethylacrylamide and N-vinyl pyrrolidone.

12. The method of Claims 1 or 2 wherein said silicone-
containing hydrogel further comprises a relatively nen-polar
ring-containing compound selected from the group consisting
of 2-vinyl-4,4-dimethyl-2-oxazolin-5-one, 2-iscpropenyl-4,4-
dimethyl-2-oxazolin-5-one, cyclohexane~spiro-47-(2/-
isopfcpenylwz’acxazola5'ﬂcne), qyclohexane=spiroﬁé'a(2'~
vinyl-2’-pxazol-5’-one) and 2-(l-propenyl)-4,4-dimethyl-

oxazol-5-one.

13. The method of Claims 1 or 2 wherein said silicone-~
centaining hydrogel comprises an ethylenically terminated
polysiloxane-containing monomer, N,N-dimethylacrylamide and

N-=vinyl pyrrolidone.




V denot es

C

[err] _ A denotes - [err

Hﬂllli mny MII ) TUI

%

= 34 -

i4. The methed of Claims 1 or 2 wherein said silicone-
containing hydrogel further comprises a crosslinking agent

having the general schematic representation

Yra
L
PR AN
SS' vl
wherein
vV denctes R
3{(: C/Ry
,c=
RZ’ X-C-VY~
7
0 ;
A’ denctes Ry ¢ Rg
N
/,Cﬂq\
%0 R
R 7’
D H
8§ denotes Rgs Rg
\c__c/
7 ~N
Ryg¢ Q- H

Rqs is an alkyl radical derived from substituted and
unsubstituted hydrocarbons, polyalkylene oxide,
poly(perfluoro) alkylene oxide, dialkylméapped
polydimethylsiloxane, dialkyl-capped polydimethylsiloxane
modified with fluoroalkyl or fluorcether groups;:

Rys=Rqg’ are independently H, or alkyl of 1 to §

carbon atoms;

This is the replacement shoot




S denot es [err] . - R[errlff i's an atkyr~fad|cal

derived fromsubstituted and unsubstituted hydroc j
mnth

oxi de, poly(perfluoro) alkylene oxide, dialkyl
o) is an érganic group containing aromatic

pol ydi net hyl si | oxane, di al kyl - capped polydlnethyIS|fd
fl uoroal kyl or fluoroether groups; - 38 -

moieties having 6 to 30 carbon atems;
X, ¥, and 2 are independently O, NH or S;

v’ is 1, or higher; and

a’, s’ - are independently greater than or egual

to 0, and a‘’ + s’ > 1.

. i5. The method of Claim 14 wherein said crosslinking agent

U is methacryloxyethyl vinyl carbonate.

16. A silicone-containing hydrogel composition formed by
curing a monormer mix comprising at least one silicone-
containing monomer and N,N-dimethylacrylamide with a vinyl-
containing moncmer selected from the group consisting of n-
vinyl-N-methyl acetamide, Nﬁviny1=N=ethy1 acetamide, N-
vinyl-N-methyl formamide, N-vinyl formamide and N-vinyl

pyrrolidone.

17. The hydrogel composition of Claim 16 wherein said

vinvl-containing monomer is N-vinylpyrrolidone.

18. - The hydrogel composition of Claims 15 or 16 wherein
said silicone-containing monomer is a urethane-containing

prepolymer.




Rlerr] -Rerr] are independently H, or alkyf—of—i-to.5.

Y

car bon- at ons; Q is an organlc ntalnlng aromatic
nmoi eti es having 6 to 30 carbon atons; ﬂﬂg 'mm,um pendent |y
0, NH or S; V' is 1, or higher; and "

i ndependently greater than or equal - 36 - to d dnd a + S

[err] 1 ,
19. The hydrogel composition of Claims 16 or 17 wherein
said silicone-containing monomer is an ethylenically

terminated polysiloxane-containing monomer.

20. The hydrogel composition of Claims 16 or 17 wherein
said siliceneécantaining monomer is a poly({organosiloxane)

prepolymer represented by the formula:

A= (R"’ ) esls gossl ] n»oes.ies (R7y~a
— ' R4 RS R4

wherein:

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

each R3-r6 is independently selected from the group
consisting of a monovalent hydrocarbon radical or a halogen
substituted monovalent hydrocarbon radical having 1 te 18
carbon atoms which may have ether linkages between carbon
atoms;

R’ is a divalent hyvdrocarbon radical having from 1 to
22 carbon atoms;

and

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

21. The hydrogel composition of Claims 16 or 17 wherein
said silicone-containing monomer is a bulky

polysiloxanylalkyl (meth)acrylic monomer having the formula:

This is the replacement skIot \7




43 30. The hydrogel conmposition of O aim 29 wheretn sai d-—crosslinking
agent s nethacryl oxyet hyl | opedi cal devi ce nmade

vi nyl carbonate. 3l. _
fromthe hydrogel conposition of Clains 16 or 17. “ﬁlﬂ”ﬁl“" 'I””M’
' $ h

& [ 1 'R

- 37 -
1
g1
Y
RY-gi-R
]
R o r:
! A TR
HyC=C-C-X~(CHy) £-Si-0-Si-R
f by
o o R
: }
rR*_si-Rr*
]
e

i wherein:
p’
¥ is © 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 to 10.

22. The hydrogel composition of Claim 21 wherein said bulky
polysiloxanyalkyl (meth)acrylate is selected from the group
consisting of methacryloxypropyl
tris(trimethylsiloxy)silane,
pentamethyldisiloxanylmethylmethacrylate,
tris({trimethylsiloxy)methacryloxy propylsilane,
phenyltetramethyldisiloxanylethyl acetate, and

methyldi (trimethylsiloxy)methacryloxymethyl silane.

'23. The hydrogel composition of Claims 16 or 17 wherein
sald silicone-containing monomer is a vrethane-containing

prepolymer having the following schematic representations:

This is the replacement t
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32 A contact |ens made fromthe hydr ogel conposition of Cains 16 or 17.

33. The contact lens of O aim33 wherein said hydr pgaig i ﬁﬂ‘“ﬂﬂ
conprises [err] his (nethacryl oxybutyl) polysil ” I”“nmm
N, N- di met hyl acryl ami de and N-vinyl pyrrolidene. 84.¢ The *corft a8t | ens
of Cl aim 32 wherein said hydrogel - 38 =
0
E (#D*A"ADAG) g *D*ATADAE’ ; or 7

E (*D*GAD#*AY) , *DRGH*D*E” ;

wherein

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

G denotes an alkyl diradical, a cycloalkyl diradical,
an alkyl eycloalkyl diradical, an aryl diradical or an

(;j alkylaryl diradical having 1 to 40 carbon atoms and which

may contain ether, thioc or amine linkages in the main chain:;

* denotes a urethane or ureido linkage;

2 is at least 1; |

A" denotes a divaient polymeric radical of formula:

RS RE
{ i

= (CH2) ?im : sﬁiim(cnz)mu
RS Jp =%

wherein: R® and RS’ independently denote an alkyl oxr

fluoro-substituted alkyl group having 1.ta 10 carbon atoms
which may contain ether linkages between carbon atoms;
m is at least 1; and
p provides a moiety weight of 400 te 10,000;
E and B’ independently denote a polymerizable
unsaturated organic radical represented by formula:

ri?

[}
RI3-cH=C- (CHp )y~ (X) %~ (3) 2= (Ax) y-R -

This is the replacement shkost
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conposi tion further conprises a relatively non- olar ring- contalnln

2 vyl -4, 4- i et hyl -2 ox&zol i 1 5- one. 2. ?LLB?OBLnyl IR Wlﬂﬂl”i ] I
di met hyl - 2- oxazol i n-5- one, cycl ohexane- spiro-4'- (2' *i sbpriopehyl®- 2

-oxazol -5' -one), cyclohexane-spiro-4' (2'sg Yinyl-2'-oxazol-5"-one) and
2-(1-propenyl)-4,4-di methyl - oxazol -5-one. 35. The contact |ens of
cl ai m 32 wherein said hydrogel
wherein: R'* denotes a divalent alkylene radical having 1
te 10 carbon atoms}.
RY? genotes H or CHj;
RY3 denotes H, a (C1-Cg) alkyl radical or a
~co-Y-R15 group wherein ¥ is ~<0-, -8- or -NH- and RY3 ig a

alkyl radicai having 1 to 12 carbon atons;
X is =CO~ or -0CO0-;
Zz is -0- §r <NH=;
W Ar denctes an aromatic radical having 6 to 30
carbon atoms;
w is O to 6;
¥ is 0 or %;
¥y is 0 or 1; and
z

is 0 or 1.
24. The hydrogel composition of Claim 23 wherein said

urethane-containing prepolymer is represented by the

formulas

This is the replacement siiCot
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conposition further conprises a crosslinking agent having the general

schematic representation o :
wherei n A 6 T
: . s = ¢ L K § ¢ )

o 4 -

CH=a
/
HpC=C H H H H
! ! | i [
COOCHCHy | OCN-R6-NCOCHCH, 0CH, CH20CN-R*6-NCO (CHA ) 4y
i f L I

0] 0 0 o)
CH3-81-CH,
{
o]
ey
CH3-8i-CH,
B (CH2)m
CH4 a
/
HoC=C H H H H
% ] | [
! | 16_} 16 _grrey et
COOCHCH, OCN-R*®=NCOCH, CH2 OCH  CHo OCN-R - °~NCO =
L4 i i it
4] L&) O o
wherein:
R16 is a diradical of a diisocyanate after removal of
the isocyanate group and m, p and a are the same as
previ@usly defined.

25. The hydrogel composition of Claims 16 or 17 wherein
gsaid silicone-containing monomer is o,®
bis(methacryloxyalkyl) polysiloxane and said vinyl-
containing hydrophilic wetting monomer is N-=vinyl

pyrrolidone.

26. The hydrcgel composition of Claims 16 or 17 wherein

said silicone-containing monomer is a urethane-containing \

This is the replacement ghoot
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V denot es A ' denotes [err] S denotes.__ [err]

TR R

I

|

} .
- 41 - e ¢ LA

prepolymer and said vinyl-containing monomer is N-vinyl

pyrrelidone.

27. The hydrogel composition Claims 16 or 17 wherein said

siliccneaanntaiﬁing hydrogel composition further comprises
relatively'n@nmpalar ring-containing compound is selected
frem the group consisting of 2-vinyl-4,4-dimethyl-2-

oxazolin-5-one, 2-isopropenyl-4,4-dimethyl-2-oxazolin-5-one,

U eyclochexane-spiro-4/-(2/~isopropenyl-2/-oxazol-5/-one),
cyclohexane-spiro~4’=(2/~vinyl-2’-oxazol-5’-one) and 2-(1-

propenyl) -4, 4-dimethyl-oxazol-5-one.

28. The hydrogel composition of Claims 16 or 17 wherein
said silicone-containing -hydrogel compesition is an
ethylenically terminated polysiloxane-containing monomer and
said vinyl-containing hydrophilic wetting monomer is N-vinyl

pyrrolidone.

29. The hydrogel composition of Claims 16 or 17 wherein
sald silicone-containing hydrogel further comprises a
cr@ssliﬁking agent having the general schematic

representation: _ : /

A’a’
i
_ Ry« ~
sSl VV’

wherein

This is the replacement shcot
27 WAy 18
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R[err];

is an alkyl radical d
hydr ocar bans, pol
di al kyl - capped  poi§

¥
i
L

nodi fied with f|uu4ﬁ

i ndependent |y H, or afkﬁhuﬁ 3

derived from substituted and
alkylene oxFH‘“““pon(perquoro) al kyl ene oxi de,

group cont ai ni ng aromat I C nDieties

vV denctes

A’ denctes

unsubstltut§d

di al kyl - capped polydlnethyIS|onane
@Eﬂoether gr oups; Rlerr]=Rerr] are
® 5 carbon atons; Q IS an organic
-~ 42 - (.
. R3< ,‘R4I \
R - \x =¥
27 e
O H
Rsr /Rsi.

“Z-‘E 4 \R7 ¢
H
Y § denotes Rg{tﬂc"Rgz
ng: ~ Q- H
Rys is an alkyl radical derived from substituted and
unsubstituted hydrocarbons, polyalkylene oxide,
poly(perflueoro) alkylene oxide, dialkyl-capped
 polydimethylsiloxane, dialkyl-capped polydimethylsiloxane
modified with fluorcalkyl or fluorcether groups;
. Ry7-Ryg’ are independeﬁtly H, or alkyl of 1L to 5
~ carbon atoms;
Q is an organic group centaining aromatic
moieties having 6 to 30 carbon atoms;
X, ¥, and 2 are'independently 0, NH or S;
v’ is 1, or higher; and
a’, s’ are independently greater than or equal

to 0, and a‘’

+ sf > 1.

This Is the replacsment ghoot
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having 6 to 30-e&
vi'ois 1,
are i ndependent |

Tk’j

or

X, Y, and Z are independently O, NH or S

hi g I 45 a, s'

30. The hydrogel composition of Claim 29 wherein saig

crosslinking agent is methacryvlioxyvethyl vinyl carbonate.

31. & biomedical device made from the hydrogel composition

of Claims 16 or 17.

32. A contact lens made from the hydrogel composition of

Claims 16 or 17.

33. The contact lens of Claim 33 wherein said hydrogel
@@mpmgiticn comprises o,® - bis(methacryloxybutyl)
pelysiloxane, N,N-dimethylacrylamide and N-vinyl

pyrrolidene.

34. The contact lens of Claim 32 wherein said hydrogel
c@mpcgition further comprises a relatively non-polar rxring-
containing compound is selected frem the group consisting of
2-vinyl-4,4-dimethyl-2-oxazolin-S-cne, 2-isopropenyl-4,4-
dimethyl-2-oxazolin-5-one, cyclohexane~spiro-4/-(2/-
jsopropenyl-2‘/-oxazol-5’'~one}, cyclohexaneaspiIOm4’atz'm
vinylaZ’aoxéZOIBﬁ'«one) and 2-(1-propenyl)-4,4-dimethyl-

oxXazol-5%-one.

35. The contact lens of Claim 32 wherein said hydrogel
composition further comprises a crosslinking agent having

the general schematic representation

This is @ a’@gﬂa@@m@m ghch \
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O and a' +s' > 1. 36. The contact lens of Claim35 wherein said . -
crosslinking agent is nethacryl oxyethyl vinyl carbonate.

RL L L]

€ L [ 8

A'a’
Ry
~ Y
Sge Ve ?
wherein
V denotes R+ Ry
TN
R7 X-C-Y~
d :
A’ denotes Rgs Rge
| \c“c/
70N\
LN =Z=C Ry
i
g ;
5 denotes Ry~ Rgs
% e
Q==
Ve ™~
Rip~ Q- H

Rys is an alkyl radical derived from substituted and
unsubstituted hydrocarbons, polyalkylene oxide,
poly (perfluoro) alkylene oxide, diaikylﬁcapped
polydimethylsiloxane, dialkyl-capped polydimethylsiloxane

¢

modified with fluorocalkyl or fluoroether groups;

Rys-Rjig’ are independently H, or alkyl of i to 5 carbon

atoms;

Q is an organic group containing aromatic moieties
having 6 to 30 carbon atoms;
X, ¥, and Z are independently O, NH eor §;

v’ is 1, oxr higher; and

This is the replacement s
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X X, and Z are md,pe_nde.nLJ—y—G———NH or S V' is 1 or higher; and

a' s'sare- |ndependentlyﬂ_,g \ han or equal to 0, and a' +
[err] 1. Jm L i Umens of A aim4l wherein said
crossllnklng agk# cﬁ“-ﬁ e xyethyl vinyl carbonate.

- 45 =

a', s’ are independently greater than or equal to

0, and a’ + s’ 2 1.

46. The contact lens of Claim 38 wherein said crosslinking

agent is methacryloxyethyl vinyl carbonate.

This te the ﬁ@@%@@@ﬁ%@m ghoot
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