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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, '

Fleld of the Inventio:

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
hydrated polymer of a hydroxyalkyl acrylate or
sethacrylate crosslinked with a correspending diester
(poly 2-hydroxyethyl methacrylate, known as poly-HEMA) .

A hydrogel is a hyfdrated crosslinked polymeric

system that contains water in en eguilibrium state. The

physical properties of hydrogels can Vary widely and are

mostly determined by thelr water content. Since

hydrogels exhibit excellent plocompatibility, there has
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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
s racteristic foxr any centact lens wmaterial. '

Tt was discovared thet certain crosalinked
poliymeric materials could be hydrated and ratein ‘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




mighly.wattable. Wettability is important in that, if
the lens is net sufficiently wettable, it does net
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 hydr@ph@bic 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 silicohe-~

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
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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-vontalining monomer and at 1east one
silicone-centaining mconomer oy prepolymer inte a monumer
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.




RIFLION OF ZHE DRAWINGE

Figures 1 and 2 depict the effect on modulus of
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




at least one hydrophilic monomer. Either the silicone-
containing moncher ér the hydrephilic monomer 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 gené:auy highly reactive. 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 uﬁﬂm
pyrrolidone, N-vinyl-N-methyl acetamide, W-vinyl-N-athiyl
acebenide, Nefizwlaxemathyl formamide, N-vinyl
formemide, with R-vinyl pyrrolidune (NVP) being tho most
preferred.

The acrylic-contsining monomers used in the present
invention inciude hyédrophilic monsmers such as és
hydroxyethyl methacrylate, glycerol methacsrylate, 2-
hydroyethyl methacrylemide, W,N-dimethyl
(math) a@tglmi@.@, dircetons escrylamide, methasrylis acid
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and acrylic acid with N,N-dimethylacrylamide (DMA} being

the most preferred.

#hen both vinyl- and acrylic-centaining menomers

are present within one wonecmer 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

discloned in copapding and commonly _assigned T.8.
Application No. 07/788,071 filed November $, 1991 and

having the following general schematie

representation (I):
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Rys ig an alkyl radical derived from
substituted and unsubstituted
Maﬁggarh@ns s polvalkylene axide,
poly({perfiveore) alkylene oxide,
dialkyl-cappad pelydimethyleiloxana,

'kyl-capped polydiwethylsiloxane

madified with fluerecalkyl or
flucroether groupss

Rays=Ryge are independently H, ox alkyl of I
. %o 5 carbon atems; )
o] iz an orgunic group sontaining

aromatic moieties having 6 to 30
carben at@msa;

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

v iz 31, or higher; and

a’, g’ . fvdependently aza 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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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' 0.0L
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




podulus s coppared with siiicone hydrogels
incorporate acrviie-containing monomers, sush as
glycerel methacrviabte smd, N, N-dimethylaorylamide (DMA).
We obuerved, snd this invention contemplates, that the
incorporation of a vinyl-ventaining hydrophilic mencmer
with an acrylic-containing hydroph %

teing agents into siliganas@@ﬂﬁaiming f@mulatziam
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. The

pers added to the mwnoperic mixture may be monouers

or prepolymers. A "prepolymer” is a reaction |
iiate polymer of mediup molescular welght having

polymerizable grovps. Thus it is understecod that the
terms Ysilicone-containing monusers™ and “hydrophd
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 Mmﬁh} acrylate 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
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methasrylate and N-alkyl (meth)acrylamide ineludes both
N-alkyl acrylamide and N-alkyl methacrylamide.

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
! ] 1
(1LI) ﬂg@gﬁaﬁgxs (CHa) fsiaou?kﬂ
i
- o ? »t
nlﬂ?ianl
gl

wherein:
X is O or NR;
each R is independently hydrogen or methyl: and
each R' is independently a lower alkyl or phenyl
groups and
fislérst@ 109,

such bulky monomers include methacryloxypropyl
tris(trimothylsiioxy)silane,
pam:amﬁhyldisilmnylmathﬁmthmrylat@,
- tzris(trimethylsiloxylnethacyryloxy propylsiliane,
phenyltetramethyldigiloxanylethyl acetute, and
methyldi (trinethylailosy)pethacryloxynethyl silane.

Tl




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

2 af 3
[ 1 !

(I7) A~(R7} ~81~10-81]g-0-81~(R7) -2
7

wherein:
A is an activated upsaturabted ¢group, su@h a8s an
ester or anide f an mcrylic or e methacrylic aeids
each R3-R¥ is independently selected from the group
sonsisting of a monovalent hydrocarbon radical or a
halegen substituted monovalent hydr
having 1 €9 18 carbon stoms which way have ether
nkages betwesn carhonn atemss
#’/ is a divalent hydrosarbon radical having from 1
to 22 cachon &ms
and

naarE

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

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

representations:
) B(4ADRANSDEG] o YDAANRDARY ¢ o
{vL}) E(+DAERDEAR) o ADACADHE? §
wﬁ@@ '
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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)«

(22 1 ==

- ] i

(VII) = {CHz ) 5 84— (Clig)m~
Le8’ Jp =S’

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/ indopendently dencte a polymerizable
unsaturated @f@&hi@ radical represented by
formula (VIIL):

i
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(VIII) alsscﬂséa (CHp) gy (X) 2 (5) - (Axr) =024
wherein: R4 denotes a divalent alkylene radical
having 1 o 10 carbhon atoms: .
enotes 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 ré&i@al_having 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 urethane monomer is represented 'by
formila (IX):

T
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CHy _
mef  ryox r o
COOCH,CH, ognaaﬁangecaz@,ocagmzoﬁxanl‘-ngo(eﬁtg)m
o o © o _
CH3-Bi-CHq
(IX) ' éa
CH3-8i-CHq
fa o a
HaC=C i H H "
g@@cﬁzcﬂgocg#salswmmrcmzcazocﬁzcngomanmeammc#“

i |} L |}
O o 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

&8
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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
watting mopomer concentyation is frem abeut % welght
; of the polymeric hydregel mix to shout 80 weight
peroent:, and more praferably from 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

rid
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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 dasig@ 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 asscclated with, and believed to bhe
caused by, the high hydrophobicity of the hydrophebie

silicone~-containing monoamers.

.\\
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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



combinations thereof, as commonly used in polymerizing
ethylenically unsaturated @em?nunag. Representative
free radical thermal polymerization initiaters are
arganic peroxides, such as acetal paroxide, laureyl
peroxide; docencyl pexoxids; steareyld pevexide, benzwyl
peroxide. tertiarybutyl peroxypivalate,
pervxydicarbonate, and the like, emploved in a
@@ncsém:ratimn ef about 0.01 to i percent by weight 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
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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



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 increases.

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

The following ébbzgviutians are defined as folleows:
) 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

i




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

following ingredients, were prepared:
a) TDS38, 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-1173, (UV initiater), 0.2 paxt,

punt;

These formulations were UV cured, folleowed by
ethanel. extraction and boiling water hydratien, as is
hucwn in the ark, ke giva resultant hyd::oge;!, Films 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.
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Table 1
e EEBMBLE 1. 2 3. 4 5 6
NVEP/DMA ratio 490/0 3872 35/8 20/10 20720 /40
& water 35 48 &4 41 £2 37
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. '




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.

yhe formuletivps were cast and processed in the
sane panner as in BEramples 1-8, with the water contemt
and mofulus data shown in Table 2. Figurs 2 dsplots thé
resultant £iins of Examples 8-11, with omne plotted point
representing each £ilm respectively.

pahle 2
NVB/IMA ratlie 32/0 24/8 16/16 o/32
water % 25 26 3% 25
Modulus 610 275 107 87

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

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:

—_—
. T e——
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a) MaD,, 13 parts

b} TRIS, 47 parts |

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

£) 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, 60-9¢ ul of the mix was
injected onto a clean plustic nwold half and then covered
with a second plastic mold half., The molds weare thon
coppressed and cured for 80 minutes in the presence of
UV light (4200 microwatts/cm?). The molds were then
opened mechanically and pu: into & 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
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ware thermally disinfected in phosphats buffered saline
prier to on-eye evalustion. '

e Bl 0 e L T B EITRS

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
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We Claims

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-
containing prepolymer is an ethylenically tezminated
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

rdd
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¢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:

23 g5 3
] b :
A-(R7)-8i-[0-BL]~0-5i-(R7)=A
L CHE-T

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.

 This Sheet
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2. The method of Clain 1 wherein sald milicone-
containing prepelymer is a bulky polysiloxanylalkyl
(weth)acrylic monomer having the formulas

R
; .
: gie?iagl.
e =®t
R ! J
Hg@a@ags»xa (@Fzm f?ie@msiami
o o rt
gl.g. ? iggﬁl
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

groups and
£ is 1L or 3 € 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.

L]
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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 main chain; |

¢ denotes a urethane oy ureido iinkage;

a is at least 1;

A" denotes a divalent polymeric radieal of formula:

i i
£ 4.

- (CHz) g §i-0 ;
L ;g? .JP 35?

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

{CH2 ) o

or fluoro-substituted ‘alkyl group having 1 te 10 c:ar:lboﬁ
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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:
gl2

TG (Gl ) g (X) 3 (%) 2= (A%) -0
wherein: RM denctes a divalent sikylene radical
having 1 €o 10 carbon atoms}

R*2 denctes H oxr CHy?

213 danctes H, a (C3-Cg) 2lkyl 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;

% is ~-CO~ 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
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Fﬂs
met o :
BOOCEyCHy OﬁNSRiSEHm?GSHzmgﬂmgcgzﬁﬁNsklsmﬂﬁﬁ(miz)m
o o . © )
Gﬁig'-siiﬁ'mah
o
CHy~54-CHs
(”_?‘f!‘?zhum,ﬂJ
= | a
BaC=C H H B H

b b i b b
COOCH, CHy OCN-R 5&’3:@0@;53@2120@33@1{2@@5@16%@@ .

i ) i Y
0 4] © 3]

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
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prapolymer, N,N-~dimethylacrylamide and N-vinyl |
. pyrrelidone.,

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, cgclah@.xan%spimm& {27 =-imopropenyl-2 repxAZOL-Bf -
enea) , ml@h.mganewspim;& ot & 0 “vinyl-2°-oxazol-5 ?a@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 schematic ;:ep:asentaﬁian

Aar
131' o
Bsf vvi
wharein
v denotes Ry { /R@ ’
C=C
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A’ denotes Ry Rge
.~ ”
= &
=Z=0 Ry»
B 3
& denctes Re-~ )
8 o /RQ
Vs ~
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.
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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.

Th,l Sheet Has Been R ﬁac
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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) sSia[Oﬂsijne@s%is (®R7)-a
R4 26 .

wherein:

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

each ®*-RS is independently selected fxom the group
consisting of a m@nwalené 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 |

TR
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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

L]
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prepolymer having the following schenmatic
representations:
E(#DeAr2DAG) a*nwitxa*f;_' ; or
E(ADAGADAAR) g #DGRDYE? ;
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
diradical, an alkyl 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
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E and E’ independently denote 8 polymerizable

unsatuzated organie radical represented by formulss
12
B

1% 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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CHy~Bi-CH;3.
N (éﬁz)m 1
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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 whezein said
silicone~-gontaining prepolyner i of W .
bis(methasryloxyalkyl} pelysiloxane, sald acrylic~
esmtalning hydrophiliec wetting monomer is N, N-
dinmethylacrylanide and sald vinyl-containing hydrophilic
wabting monomer is N-vinyl pyrrelidone, '

P



W EDMEEE -

32, The bydrogal composition of Claiw 18 wherelin said
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.

§3B The hydrogel composition Claim 18 wherein said
silicone-containing hydrogel cempositicn further
somprises a relatively nom-pelar ring-gontaining
conpound 415 pelected from the group consisting of 22—
vingl—4,é~divethyl-2-oxazolin-S-one, zsiswrgpahylsé ¢ &=~
dimethyli-2-oxnzolin-S-one, cyclohexane-spiyro-47—(27-
iuopropenyl-2°--oxazol~57-pne), cycichexane-aspiro-47-{27-
vinyissz togxnzol~5 ;'«van@) and 2-{l-propanyl}—4 ,4eaaimethy1e

%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

_—
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Sg’ vv'
wherein
v denctes R3» Re+
“eme
Rys X=C-¥-
7
A? denctes R
B e’
T8
x
H
5 denotes Ry R
A e
=0
-~ ~N
Ryo¢ 9=

Rys is an alkyl radical derived from substibtuted
and unsubstituted hydrocarbons, polyalkylene oxide,
poly{perflucrs) alkylena exide, dialleyl~capned
polydimethylsiloxane, dialkyl-capped
polydinethyleilozane modifisd with ﬂu@r@alkyl. er
fluoroether groups:

Rys=Rype are independently H, or alkyl of 1

to 5 carbon atoms

o] 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 REM
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af, s are independently gretiter than or

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)~ .

- 4,4-dinethyl-oxazol-5-one.

4.4



~f B~

4i. The contect lens of Cluim 38 vwhereih said hydrogel
gompesition further cemprisas a cresslinking agent

bhaving the general schematic representation

A’ Q}:
l &
Ssi”i ~ VVP
wherein
V denetes . Ry Rge
5, &
C=0
Roe X=C~Y¥-
A’ denctes Rgo )
H /Rs
P4 AN
b ;
& denctes Ry };ga
Ne=g
&~ N
Rage Q- 3

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

Ras=Ryor are independently X, oxr alkyl of 1 to 5
carbon atons; .
o) is an organioc gronp containing aromatic

moleties having 6 to 30 carben atamsp |
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%, ¥, and ¥ are independently O, NE or &j
v! is 1, or highery and
&’, 87 are indspendently greater than or egual to

0, and a® 4+ 8° > i.

42, The eemtact lens of Claim 43 whersin =aia
cresslinking agent is methacryloxyethyl vinyl carbonate.




