UREA AND URETHANE NCNCNERS FOR CONTACT LENS MATERI ALS BN SR S NP )
BACKGROUND GF THE:- - | NVENT] ON The present invention relates to riovef
urea and urethane nmononers. The nononers are useful as strengthening .

agents for contact |lens copolyneric nmaterials, especially hydfogel contact
| ens naterial s. ! . T
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UREA AND URETHANE MONOMERS FOR CONTACT LENS MATERIALS

BACKGROUND .OF THE_JINVENTION

The present inventkon relates to novel urea and
urethane monomers. The monomers are useful as
st;engthening agents for contact lens copeolymeric
matefials, especially hydrogel contact lens materials.

Various monomeric components are known to increase
modulus and tear strength when incorporated in
copeolymeric systehs, such as hydrogéls used for contact
lenses. As an example, compounds such as 2Thydroxy-4-
t-butylcyclohexyl methaérylate (TBE) have been
diseclosed as a strengthening agent in various hydrogel
formﬁlations (b.s. Patent No. 5,006,622).. A
characteristic feature of such strengthening agents is
;hat they are bulky and arxe sometimes difficult to

synthesize.

s F £ _INVENTION
In a first aspect, the invention relates to
- monomers selected from compounds of the general formula

(X):

0 0 - S VU
- I 1. 1 .
(I) A~X~— NH~R " =NH=-C=X=-R“—X=~ . p——NH-R
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Various nononeric conponents are known to increase nodulus and tear
strength when incorporated i'n copolyneric systens, such as hydrogels used
for contact |enses. As an ‘exanple, conpounds such as 2-hydroxy-4-

t - bt yl cycl ohexyl met hacryl ate (TBE) ha¥e been disclosed-as a

strengt heni ng agent in various hydrogel fornulations (U S. - Patent No.
5,006, 622). A characteristic feature of such strengthenlng agents is
t hat they ar% buI@A and are sonetines difficult to synthesize.

-

A is an ethylenically unsaturated polymerizable
radical; '

each X is independently -0- or =NH-;

R is a yonovalent radicai having 5 to 30 carbon
atoms selected from the group consisting of branched
alkyl, optionally substitutéd cycloalkyl, optionally
substituted alkyleycloalkyl, optionally substituted
aryl, and optionally substituted alkylaryl;

each R' is independently a divalent radiecal having
S to 30 carbon atoms selected from the group consisting
of branched alkylehe, optionally substitpted
cycloalkylene, optionaliy substituted alkylene-
cycloalkylene, coptionally substitvuted arylene, and
optionally substituted alkylene-arylene;

each R? is independently a divalent organic
radical; and .

p is 0, 1 or 2.

In another aspect, the invention relates to shaped
articles thch are forme& of the polymerization product
of a mixture ccmprising a monomer of formula (I) and a
hydropnilic monomer. avouviding to prefexrred
'embodiménts, the article is optically clear and shaped
as a contact lens. |

Acéording to further aspects, the invention
relates to.monomers selectéd'from compoﬁnds of the
general formula (II), and shaped articles, such as

-
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SUVMVARY OF THE | NVENTI ON In a first aspect, the invention relates to
nmononrer s selected from conpounds of the general fornula (1): [err]

x

0-3..

contact lenses, which are formed of the polymerization
product of a mixture comprising the monomer and a

hydrophilic monomer:

o] O 0 ’ 0
I I, I
(:!ZI) A-X~ NH-R ! -NHE~C—-X-R =X= p—“NH—R t-NH-C-X~A

wherein:

each A is independently an ethylenically
unsaturated polymerizable radical;

' each X is independently -0- or ~NH-;

R' and R? are as defined for forﬁula (1):;
and

p is 0, 1 or 2.

PThe monomers of this invention function especialiy
well as a comonomer for hydrogel copolymeric materials,
and the monomers can be synthesized relatively easily.
The monomers can be used to tailor desired properties
of the éopolymer, including an increase in tensile
strength, modulus and/or tear strength of the resultant

copolvwer,

DETATILED DESCR TON PREFERRED EMBOD S
In a first aspect, the invention relates to
monomers seleécted’ from compounds of formula (I)

described above. Preferred monomers include urethane

-
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- 2- wher ei n: Ais an ethylenically unsaturated pol ynerizabl e
radi cal ; ¢ each X is independently -0- or -NH; R is a nonoval ent
radi cal haV|ng 5 to 30 carbon atons selected fromthe group consisting af
brahched al kyl, optionally substituted4eycloal kyl, optionally substituted
alkylcycloalkyl, optionally substltuted aryl, and-optionally substituted
al kylaryl; -

derivativés, wherein X in formula is -0-, and urea

derivatives wherein X is ;NH-.

In formula (Ij R repreéents a relatively “buiky“
radical. It is desired that the monomers act as
strengthening agents for copolymers, providing
increased tensile strength, modulus and/or tear
strength. Since the monomers include at‘least one
*hulky" radical, the monomérs can be used to impart
rigidity and strength to the copolymeric material
prepared therefrom.

Representative radicals foi R include monovalent
radicals having 5 to 30 carbon atoms, including:
branched alkyl, such as neopentyl; optionally
substituted cycloalkyl, such as cyclopentyl,
cyclohexyl, oxr derivatives thereof wherein the
cyclohexyl ring is substltuted with one or more cl-cs
alkyl radicals:; optionally substituted alkylcycloalkyl,
such as ethylcyclohexyl: optiqnally substituted aryl,
such as phenyl or derivatives thereof wherein the
phenyl ring is substitutead with one or more C1-Cs alkyl
radicals:.and optionally substituted alkylaryl, such as

_benzyl or derivatives thereof wherein che pnenyl ring
is substituted with one or more C;-Cg alkyl radicals.

R/ represeﬁts a relatively "bulky" divalent
radical.. Representatlve radicals for R/ anlude

divalent radicals having 5 to 30 carbon atoms,

including: branched alkylene, such as neopentylene:

is Sheet Has Been R aced .
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each R is independent!ly a dival ent radical

sel ect’ed fromthe group consisting of branched al kyl ene, optionally

substi tuted

cycl oal kyl ene, optionally substituted al kyl ene-

having 5 to 30 carbon atons

KN

cycfoal kyl ene, optionally substituted a8yl ene, and optionally substitute
al kyl ene- aryl ene; each R2 7s independently a divalent organic
radi cal ; and pis 0, 1or 2. . I n anot her aspect, the invention
rel ates to shaped

optionally substituted cycloalkylene, such as 1,3-.

cyclopentylene, 1,4-cyclohexylene, or'derivatives

‘thereof wherein the cyclohexyl ring is substituted with

one or more C3-Cg alkyl radicals; optionally
substituted alkylene-éycloalkylene, such as
ethylenecyclohexylene, 1l,4-dimethylene-cyclohexylene or
methylene~1,5,5-trimethyl~1, 3-cyclohexylene; optionally
substituted arylene, such as 1{4-pheny1ene, 1,3- .
ﬁhenylene, 4,4'-diphenylene, or derivatives thereof
wherein the phenyl ring is substiﬁuted with one or more
Ca-Cg alkyl radicals; and optionally substituted
alkylene-érylene,.such as 1,4-dimethylenephenylene.

R? in formula (I) is a divalent organic radical.
This radical is the residue of an a,w-dihydroxyl
reaétant or an a,w-diamino reactant (wherein the
terminal hydroxyl or amino radicals.feéct_with an
isocyanate reactant to form the urethane or urea
linkage, respectively). Representative diamino
compounds include 1,2-ethylenediamine, 1,4~

phenylenediamine, 1,6—hexamethylenediamine and 1,4~

cyclohexyldiamine. Representative dihydroxyl compounds

include neopentyl glycol, 1,2-ethanediol, i,é~

hexanediol, triethyleneglycol, bisphencl A, 1,4-

cyclohexanedimethanol, 1,2-propanediol, and

2,2,3,3,4,4-hexafluoropentane-1,5-diol. Accordingly,
ﬁreferred R? radicals ihcluge C1~C1g alkylene, C1-Cjyg

haloaIkyléne such as C3-Cip fluoroalkylene, Cy-Cig
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articles which are formed of the polynerization product of a mixture
conprissi;ng a nononer of formula (1) and a hydrophilie nononmer. According
to preferred enbodinents, the article is optically clear and shaped as.a
contact |ens. Accordlng to furt hef—aspects, the invention relates to
nononers sel ect ed fron1conpounds of the general formula (11)," and shaped
articles, such as ' '

alkylene ethers, Cg-Cjp arylene, Cg~C;g haloarylene,
C7~C10 alkylarylene, C;-Cjp haloalkylarylene, and Cg~
C;0 cycloalkylene. Optionally, the R? radical may
correspond to the "bulky" radicals described above for
R’.

. Representative polymerizable radicals for A -

include those of the formula iIII):

r®

R3-CH=C— (CHp )y~ (R%) = (AT) y~(CHz) y—  (III)

wherein: .

R3 is selected from the group consisting of
bydrogen, an alkyl radical having 1 to 6 carbon atoms,
and an R%-y-cO- radical wherein ®? is an alkyl radical
having 1 to 12 carbon atoms and ¥ is -0-, =-8—~ or —-NH-;

R® is selected from tﬁe group consisting of -COO-,
-0CO-, —CONH=, -NHCO-, —0C00-, ~NHCOO- and -OCO-NH-;

RS is selected from the group consisting of
hydrogen and methyl;

Ar is an aromatic radical having 6 to 12 carbon

atons;y
w is 0 or an integer of 1 to 6;
X is 0 or 1i;
y is,0 ér 1; and
2 is 0 or an integef of 1 to 10.

—_—
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contact | enses, which are formed of the polynerization product of a

m xt ure .conprising the nononer and a hydrophilic nmononer: [err]
mhereln each A is independently an ethylenically
-7-

»

A preferred class of polymerizable radicals are

represented by the formula:

RS

CH=C~CO0=(CH3 ) g (IV)
where z is as previously defined.

' The monomers of formula (I) are especially useful
for increasing tear strength of hydroéél copolymeric
contact lens materials.

A second preferred class 6f nonomers incliude the
difunctional monomers of formula (II), described abové,
containing two ethy;enically uns;turated po}ymerizable
radicals. Preferred mohomers include urethane
derivatives wherein each X in formula (II) is -0-, and
urea derivatives wherein each X ig -NH-. °

The A radicals in formula (iI), which may the same
or different, are.preferabiy a radical chosen from
those represented by formula (III), more preferably, a
ra&ical chosen from those represented by formula (IV).

In formula (II), R’ represents a relatively
"bulky divélent rédical. Representative radicals for
R’ include those discussed abhove. 'Rz in formula (II)
is a divalent organic radical, as discussed for formula
(I) compounds.

This latter class of monomers are especially

useful for increasing modulus of the copolymef, since,
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unsaturated polynerizabl e radical;

SNH T
.1 or 2.
conﬁnoner

R and [err] are as deflned for formula (1); and

each X is.independently -0-

or
pis O,

The mononers of this invention function especially well as, a

synt hesi zed relatively easily. The nononers can be used to. tailor

properties

of the copolyner, including an increase in tensile

in addition to increasing rigidity of the copolymer,
the difunctional monomers provide crosslinking,
The monomers of the invention may be synthesized

according to general methods known in the art from

precursors that are commercially available or that can

for hydrogel copolyneric materdals, and the nonomers can be

desired

be synthesized by methods kpown'to those skilled in the

art. Generally, urethane-containing monemers can be
synthesized by reacting desired isocyanate precursors
with hydroxyl-terminated precursors, and urea-
contéining monomers can be synthesized by reacting
desired isocyanate precursors with_amiﬁo-terminated
Precursors.,

The monofunctional urethane-containing or urea;
containing monomers of formula (I) may be prepared
dccording to the following general reaction schemes.
For purposes of illustration, the monomérs correspond

to formula (I) where p is 0.

)
l

A«OH + = OCN-R —— A-O-C~NH-R
0
i

A-NCO +°  HyN-R ——) A-NH-C-NH-R

A detailed synthesis involving the above schemes is

described in Examples 1 and 2, infra.
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strength, nodul us and/ or tear'strength of the resultant copolyner.

DETAI LED DESCRI PTI ON OF PREFERRED EMBCDI MENTS
i nvention relates to nononers selected from conpounds of fornula (1)
desctri bed above. .Preferred nononers i ndgude uret hane

-4-

The difunctional monomers of formula (IXI) can be
prepared by, first, reacting diisocyanate precursors
(generally containing the "bulky® R’ divalent radical)
with the aforementioned «,w~dihydroxyl reactants or
o,o~diamino reactants (generally containing the R?
divalent radical), at a desirea ratio, followed by
endcapping the resultant product with ethylenically
unsaturated ﬁolymerizable radicals. 2 representative
scheme is deséxibed in Example 3, infra.

In another aspect, the invention relates to shaped
articles ﬁhiéh are formed of the polymerization p;odﬁct
of a mixture comprising a monomer of this invention and
a hydrophilic monomer..

Preférablj, the monomeric mixture from which the
article is formed includes at least one monomer of
formula (I) or (II) in an amount of about 5 to 95
weight percent (more preferably from about 5 to 50°
weight percent, with about 5 to about 30 percent being
especially preferred), and at least one hyarophilic
monomer in an amount of from about 5 to 95 weight
percent (more preferably from about 50 to about 95
weight percent), based on total weight of the monomeric
components. According to preferred embo&imeﬂts, the
article is optically clear and éhaped as a contact
lens, including rigid, gas permeéble copolynmeric
materials and hydrogel copolymeric materials. Hydrogel
copoljmers are espgcially preferred.

—_—
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deriyvati ves,

is -NH .

wherein Xin formula is -0-, and urea derivatives wherein X

In formula (I) Rrepresents a relatjvely "bul ky" radical.

It is desired that the nononers act as strengthening agents for
providing increased tensiT¥strength, nodulus and/or tear
strength. Since the nononmers include at |east one .*“bul ky" radical

copol yners,

nononmers can be used to inpart

material prepared therefrom

A hydrogel is a hydrated cross~linked polymer;c

system that contains water in an equilibrium state

prepared by polymerizing a monomeric mixture containing

at least one hydrophilic monomer. The hydrophilic
monomer or the formula (IXI) monomer may function as a

crosslinking agent (a crosslinker being defined as a

monomer having multiple polymerizable functionalities),

or a separate crosslinking monomer may be included in

the monomeric mixture. In the case of silicone

hydrogels, a silicone-containing monomer is included in

the monomeric mixture.

_ Suitable hydrophilic monomers include:
ethylenically unsaturaéed carboxylic acids, such as
methacrylic acig ahd acrylic acid; (meth)acrylic
spbstituted alcohéls, such as 2-hydroxyethyl
methacrylate and z-hydroxyethil acrylate; viﬂyl'.
lactams, such as N~vinyl pyrrolidone:; and acrylamides,
such as (meth)acrylamide and N,N-dimethyl
(neth)acrylamidae., (As used herein, the term ﬂ(meth)“
designates optional methyl substitﬁtion. Thus, terms

such as "(meth)acrylate" denote acrylate radicals and

methacrylate radicals.) Other suitable hydrophilic

monomers will be apparent to one skilled in the art.
Representative crosslinking monomers include:
divinyl monomers such as divinylbenzene: allyl

methacrylate; di(heth)aérylaté monomers such as

ethyléneglycol di(meth)acrylate, tetraethyiepeglycol.

This Sheet Has Been Repl
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Representative radicals for R include nonovalent radicals having 5 to 30
carbonm atons, including: branched alkyl, such as neopentyl; optionally

substituted cycloal kyl, such as cyclopentyl, cyclohexyl, or derivatives.
t hereof wherein the cyclohexyl ring i=stdubstituted with one or nore [err]
al kyl radicals; optionally substituted. al kyl cycl oal kyl,- such as
et hyl cycl ohexyl ; optionally substituted.aryl, such as phenyl or

derivatives thereof wherein the phenyl ring is substituted with one or
more [err] aldiymeth)acrylate, and polyethyleneglycol

di(reth}acrylate; and vinylcarbonate derivatives of the
'glycol di(meth)acrylates, i.e., compounds wherein at
least one (meth)écrylate radical is replaced with a
vinylcarbonate group, such as methacryloxyethyl

vinylcarbonate having the formula:

O CHj

O
I i

CH5=CH~DCO~CH, CH,-0C-C=CHa

This latter crosslinking mbnomer is preferred when the
hydrophilic monomer contains vinyl functionality other
than a (meth)acryiate group, such as N-vinyl-z-'
pyrrolidone. Preferably, the crosslinking monomer is
included in the monomeric mixture at about 0.01 to
about 10 weight percent based on total weight of the
monomeric componénts.

The moncmeric mixtures including the monomers of
the present invention, when copolymerized, are readily
cured to cast shaped articles by methods such as uv
polymerization, thermél polymerization, or combinations .
thereof. Representative thermal polymerization
‘initiators are organic peroxides, such as for example
.acetal peroxide, lauroyl peroxide, decanoyl peroxide,
stearoyl peroxide, benzoyl peroxide, tertiary butyl
peroxypivalate and peéoxydicarbonate_in a concgntrafion

of about 0.01 to 2 percent by weight of the total’

This sp,
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radi cals; and optionally substituted al kylaryl, such as benzyl or
deri vati,ves thereof wherein the phenyl ring is substituted with one or

more [err] al kyl radicals. R represents a relatively "bul ky" .
divalent radical. Representative radigals for R include divalent _
radi cal s .having 5 to 30 carbon afons, including: pranched al kyl ene, such

as neopentyl ene;

monomer mixture. Representative UV initiators are
those known in the field such as, benzoin methyl ether,

" benzoin ethyl ether, Darocur-1173, 1164, 2273, 1116,
2959, 3331 (EM Industries) and Igracure 651 and 184
(ciba-Geigy). The monomeric mixture may also include
other monomers or components as will be apparent to one
skilled in the art, for ex;mpie, colorants or oV~
absorbing agents.

In producing contact lenses, the monomeric mixture
may be cured in tubes to providg rod~-shaped articles,
-yhich are then cut intc buttons. The buttons may théﬁ
be lathed into contact lenses. Alternately, c¢ontact’
lenses may be cast directly in molds from the monomeric
mixtures, such as by spincasting and static casting
methods. As an additional method, an excess of a
monomeric mixture .can be cured by spincasting in a mold
to form a shaped article having an anterior lens
surface and a relatively large thickness, and the
posterior surface of the cured spincast article is
subsequently lathed to provide a contact lens having
the desired thickness and posterior lens surface.

The following examples further illustrate various

preferred embodiments.

-This Sheet Has Been Re,p
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optional |y substituted cycl oal kyl ene, such as 1,3- cycl opentyl ene,

1, 4-tycl ohexyl ene, or derivatives ther.eof wherein the cyclohexyl ring is
substituted with one or nore [err] alkyl radicals; optionally substituted
al kyl ene-cycl oal kyl ene, such as ethyl epageycl ohexyl ene,

1, 4- di met hyl ene- cycl ohexyl ene or~

nmet hyl ene-1, 5, 5-tri nmet hyl -1, 3-cycl ohexyl ene; optionally substituted

aryl ene, such as 1, 4-phenyl ene, 4,3- phenylene, 4,4'-diphenylene, or
derivatives thereof B EXAMPLE 1

Synthesis of.i—czélohe;yl-S-methac;ylozyethxl carbamate

A 3-neck 250-mL round bottom flask equipped with a
reflux condenser was chafged with 2-hydroxyethyl
methacfylate (6.7185 g), 1,1’=bi-2-paphthol (1.3 mg),
cyclohexyl isocyanate (6.100 g), dibutyltin dilaurate
(49 mg) and 50 mL of methylene chloride. The mixture
was then stirred until the Ig spectrum of the product
indicated no NCO peak (16 hours). The solution was
filtered and evaporated té dryness to recover the
product. The product was characterized by H~NMR, 0.70~-
2.10 ppm (m, 10H), 1.92 ppm (s, 3H), 3.42 ppm (m, 1H),
4.22 ppm (s, 4H), 4.92 ppn (b, 1H), 5.50 ppm (s, 1),
6.10 ppn (s, 1H).

BXAMPLE 2

Synthesis_of l-cxclohezi;-S—methacrglqzyetgxl urea

* A 3=-neck, 250-mlL round bottom- flask ecquipped with
a reflux condenser was charged with isocyanatoethyl
methacrylate (7.79.3),'1,1'—bi—2-naphthél (1.3 mg) and
50 ml. of methylene chloride. While stirring,
cyclonexyianine i5;24'g) and dibutyltin dilaurate (52.3
mg) in 50 mL of methylene chloride were ad@ed over a i5
minute period. -The reaction mixture was kebt stirred
lfqr an additional 30 minutes. rhe solution was
filtered and evaporafed to dryness ‘to recover the

product. The product was characterized by H-NMR, 0.72-
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wherein the phenyl ring is substituted with one or nore [err] alkyl
radi‘eal s; and optionally suhbstituted al kylene-arylene,. such as

1, 4- di net hyl enephenyl ene. R2 in formula (1) is a divalent organic -
radical. This.radical is the residue wfg4an a,[err]-di hydroxyl reactant or
an [err] -diamno reactant (wher®in the' term nal hydroxyl or am no

radi cals react with an isocyanate reactant to formthe urethane or urea

| i nkage, respectively). Representative diam no conpounds include

i i et hyl enedi. agl ppm ¥md- 18phenvbenppmaisne sxl , 6shesappinhyitsned)gm ne and
3.50 ppm (hidden, 1H), 4.18 ppm (t, 2H), 5.12 ppm (s,
1H), 5.26 ppm (s, 1H), 5.52 ppm (s, 1H), 6.10 ppm (s,

1H) .

EXAMPLE 3

Synthesis of a Urethane Dime.thacalate

To & 3-neck round bottom flask equipped.with a
reflux condenser were added isophorone diisocyanate
(6.6639 g, 0.03 mol), diethyleneglycol (2.1260 g, 0.02
mol), dibutyltin dilaurate (96.1 ng) and 60 mL of
methylene chloride. fThe contents were refluxed for 6
hours,'then cooled to foom temperature. To the
contents were added 2~-hydroxyethyl methacrylate (3.091
g) and 1,1’-bi-2-naphthol (1.2 mg). The mixture was
then stirred until the NCO peak disappeéred (48 hours).
The solution was filtered and evaporated to dryness to
recover the product, a mixture of dimethacrylate.
urethane ;somers. One isomer is the dimeth;crylate
urethane shown'below, wherein each R’ is the
hydr;carbyl residue of the iéophorone diisocyanate and

each A is 2-ethylmechacrylate:

0
It

il
A-OC——NH-R'-NHCO~ (CH;CH;0) 5—C~| 5 =NH-R ! -NHCO~A
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cycl ohexyl di am ne. Representative di hydroxyl conpounds
glycdf, 1,2-ethanediol, 1,6- hexanediol, triethyleneglycol,
1, 4- cyclohexanedlnethanol 1, 2- propanedi ol , and

bi sphenol

2,2,3,3,4, 4- hexafluoropentane-l,S-dioI_15Accordingly,

radi cal s include [err]
fluoroal kyl ene, [err]

al kyl ene,

[err]

BIAMPLES 4-9

preferred [err]

hal oal kyl ene such.as [err]

The mixtures listed in Table 1 were cast between

two glass plates and cured under UV light for 2 hours.

The resultant films were released and boiled in

deionized water for ¢ hours and then placeé in buffered

saline.

were then measured.

parts by weight.

The water content and mechanical properties

The amounts listed in Table 1 are

Tt is noted that the Control (C1)

included no monomer of the present invention.

TABLE 1

. Example No.
Component Cl 4 5 & 7 8 9
HEMA 55 55 55 55 55 55 55
NVP 45 45 45 45 45 45 45
HEMAVC 0.2 0.2 0.2 0.2 0.2 0.2 0.2
DAROCUR~1173 0.2 0.2 0,2 0.2 0.2 0.2 0.2
Glycerin _ 20 20 20 20 20 20 20
Urethang* - - - - 5 10 15
Urea MA - 5 .10 15 — - -
IWater 71.2 63.5 60.3 55.1 69.4 67.6 61.4
Tear 0.5 1.4 2.2 3.3 1.1 2.3 3.6
Modulus 9 10 15 iz 10 8 10
:*chpound of Example 1

Compound of Example 2

EXDMPLE 10

The following mixtures were cast into copolymeric

hydrogel films following the procedure of Example 4.

It is noted that formulation €2 included no monomer of

the present invention.
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al kyl ene ethers, [err] arylene, [err] haloarylene, [err] alkylarylene,

[ err]. halpaykylarylene, and C5- J[err] cycloal kylene. Optionally, the
[err] radical may correspond to the "bul ky" radicals described above fof
R . Representative polynerlzablelmadlcals for A include those of the

formula (111):

TABLE 2
Example c2 10
Formulation: )
HEMA o 31.8 31.8
NVP 44 .7 44 .7
HEMAVC 0.5 0.5
DAROCUR=~1173 0.2 0.2
Glycerin i5 15
Tint ' 0.006 0.006
TBE 7.85 ——
Urethane DlMA — 7.95
Tensile S 22
Tear 1.2 2.0
Modulus 10 75
$ Elongation 110 35

*Urethane dimethacrylate monomer described in Example 3 -

EXAMPLES 11-12
The mixtures listed in Table 3 were cast into
copolymeric hydrogel films following the procedure of
Ekample 4. Formulations €3 and 64 included:  no ménomer

of the present invention.

TABLE 3

Component . C3 11 12 c4
HEMA : 55 55 55 55
NVP : 45 45 45 45
HEMAVC 0.5 0.5 0.5 0.5
DAROCUR-1173 0.2 0.2 0.2 0.2
Glycerin o 20 . 20 20 20

" Urethang MA - 15 - -
Urea MA - - a5 -
TBE - - - 15
£ Water . ' 69 56 54 53
Tear - 3.6 7.4 5.5 _ 13 .
Modulus . 30- . 45 55 30

cOmpound of Example 1

**Compound of Example 2

_—_————/
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[err] . wher ei n: ~ [err] is selected fromthe group consisting of
hydr'egen, an-al kyl radical having 1 to 6 carbon atons, and an [err]-Y-CO
radi cal wherein [err] is an alkyl radical having 1 to 12 carbon atons and
Yis -0-, -S or -NH; [err] is sgyected fromthe group consisting of
-C0O, -0CO.,- -CONH -, -NHCO, *0COO-, -NHCOO and - OCO NH-; [err]
is selected fromthe group consisting of hydrogen and mnethyl;

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

practiced'other than as herein specifically described.

I Claim:

I



Ar is an aromatic radical having 6 to 12 carbon atoms;—____ _wis 0 or an
integer of 1 to 6; X is 0 or ' '

r, 1 y is 0 or 1; and. zis O
or an i nteger of 1 to 10. e ”!'l"cH[mL,"IJ‘",’””",
. S *

1. A monomer selected from compounds of the

. general formula:

o o o '
il I 2 I
x) A-X- NH-R'~NH-C-X-R%-X~-C— p——NH-R

wherein:

A is an ethylenically unsaturated polymerizable
radical; .
| each X is independently -O- or -NH-;

R is a monovalent radical having 5 to 30 carbon
atons selected fronm the group consisting of branched
alkyl, optionally supbstituted cycloalkyl, optionaily
substituted alkylcycloalkyl, optionally substituted
aryl, and optionally substituted alkylaryl;

each R' is iﬁdependenély a divalent radical having
5 to 30 parb&n atoms selected from the group coﬁsisting
of branched alkylene, optionally substituted
cycloalkylene, optionally substituted alkylene-
cycloalkylene, optionally substituted arylene, and
optionally substituted alkylene-~arylene;

each R? is independently a divalent organic
radical; and

po) is_o,.l or 2.

2. A monomer of claim 1, wherein each X is -O-.

3. A monomer of ¢laim 1, wherein each X is -NH-.

This Sheet Has Been Reﬂlaced




A preferred class of polynerizable radicals are represented by the
formul a: . [err] (I'V) where z—rs-as—prEVT6U§TV_'éf|ned

The nononers of formula (1) are especially useful tear -
strength of hydrogel copolyneric cont aGf | ens rram‘mm“ mﬁm‘ﬂmecond

preferred class of nononers incl-ude the

4. A monocmer of claim 1, wherein A is a radical

of the formula:
v
R3—cx=c-(cnz)w-(R5)x—(Ar)y“(Cﬂz)z

wherein:

;R; is selected froﬁ the group consisting of
hydrogen, an alkyl radical having 1 to 6 carbon aéoms,
and an Ri-y-co- radical wherein R? is an alkyl radical
having 1 to 12 carbon atoms and ¥ is -0-, -S5- or -NH-;

R% is selected from the group consisting of —éoo-,
-0CO-, ~CONH—, ~NHCO-, -0C00-, -NHCOO- and -OCO-NH-:

R® is selected from the group consisting of:
hydrogen and-hethyl:

Ar is an aromatic radical having 6 to 12 carbon

. atoms; | '
w is 0 or an'integér of i_to 6;
" x is 0 or 1;
y is 0 or 1; and
z is 0-or an integexr of 1 to 10.

5. A monomer of claim 4, wherein A is a radical
of the formula:
r®

CH=C-COO0~ (CH3) p——

Sheet Has Been Reﬂlaced
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di functi onal
ethyLenlcaI

(1), which
from those
chosen from

represents a rel agivel ¥ n

- for

mononers of formula (11), described _above, . _containing two
.y unsaturdted pqlynerizable radicals. Preferred nononers

i nci ude“uret hane derivatives wherein each X in m“m ﬁqumﬂl rl“’) a|nd~
ormul a

urea derivatives wherein each X is -h&kzo-

may the sanme or different, "are preferably & radi ca

chosen

represented by fornula (III) nore preferably, a radical

t hose represented by formula (I1V). In formula (

1), R

bl oF 3G 1f,aWhedleinReP ies A Rldeea radi cal s

from the group consisting of: C5-Cg cycloalkyl: Cg-Cg

cycloalkyl substituted with C3-Cg alkyl: Cg-Cjya-
alkylcycloalkyl:; Cg-Ciz alkylcycloalkyl substituted

with €3-Cg alkyl: Cg-Cyg aryl: Cg-Cio aryl substituted

with C3-Cg alkyl: Cy7-C3z alkylatryl: and Cg=Cjqo branched

alkyl. .

7. A monomer of claim 1, wherein p is 0.

8. A monomer of claim 7, l-cyclohexyl-3-
methabryloxyethyl carbamate.

| 9. A monomer of claim 7, l-cyclohexyl=3-

methacryloxyethyi urea..

10. The polymerization product of a mixture
comprising a monomer of claim 1.

11. A shaped article which is formed of the

polymerization product of a mixture Comprising:

(a) a monomer selected from compounds of the

general formula:

) ﬁ :
(I) A—X—L‘—LNH-R' -NH-C-X—RZ-X-—C-J ——NH-R

wherein:

A is an ethylenically unsaturated polymerizable

radical;

each X is independently -0- or -NH=-;

—_—

—_—
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R ipnclude those discussed above. [err] in formula (I

organlc radi.cal , as di'scussed for fornula (1) conpounds atter
cl ass of nonomers are especially useful for i ncrea5| ‘\““\m““““ﬂ “ﬂ‘\e
copol yner, since,. ~-21- \“

-

R is a monéﬁalgnt radical having S'to 30 carbon
atoms selected from the group consisting of branched
alkyl, optiocnally substituted cycloalkyl, opticnally
substituted alkylcycloalkyl, optionally substituted
aryl, and optionally substituted alkylaryl:

each R' is independently a divalent radical having
5 to 30 carbon atoms selected from the group consisting
of branched alkylene, optionally substituted
cycloalkylena; optionally substituted alkylene-
cycloalkylene, optionally substituted arylene, and
optionallf substituted alkylene-arylene; |

each R? is independently a divalent organic
radical; and

p is 0, 1 or 2; and

. (b) a hydrophilic monomer.
' 12. ‘The article of clgim 11,. which is optically
clear and shaped as a contact lens. .

i3. The article of claim 12, wherein the mixture
further comprises a c:osslinking agent. '

14. The article of claim 12, wherein the
hydrophilic monomer includeé at least one menber
selected from the group conéisting of ethylenically
unsaturated carboxylic acids, (meth)acrylic substituted

alcohols, vinyl lactams, and acrylamides.

Sheet Has Been Replaced
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in addltlon

nmonéper s provide crosslinking.

synt hesi"zed

to increasing rigidity of the copolymer, the difunctional

according to general nethods known in E“
that are comercially avail able or thaizggan be 'sy ‘“‘m“ﬂgmnm
known to those skilled in the art. Generally, uret ane- cont®i M nd
can be synthesized by reacting desired i socyanate precursors wth

hydroxyl -term nated precursors, and urea- containing nononers can

synt hesi zed

by re3glingnedagiiied o 98C¥IA3NC1RY CHHEFEEA thih

am no-term nat ed

hydrophilic monomer is selected from the group )
consisting of 2-hydroxyethyl methacrylate, N-vinyl
pyrrolidone, N,N-dimethylacrylamide, and mixtures
thereof. |

16. The article of claim 12, wherein the monomer
is selected from compounds of formula (I) wherein p is
0.

17. The article of claim 16, wherein the monomer
of formula (I) is l-cyclohexyl-3-methacryloxyethyl
carbamate. '

18. The article of claim 16, wherein the monomer
of formula (I) is 1-cyclohexyl-3-methacryloxyethyl |
urea.

19. A meonomer selected from compounds_of the

general formula:
0
I I,
(II) A-X~( NH=R ! =NH~C=X~R“ =X~ p——iNH-R'-NH-c—X-A

whgfein:

each A is independently an ethylen;cally
unsaturated polymerizable radiéal:

each X is independently -0~ or =NH-;

eacﬁ R' is independently a divalent radical having

5 to 30 carbon atoms selected from the group consisting

- of branched alkylene, optionally substituted.

This Sheet Has Been R
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precursors The nonofunctional urethane-containing or urea-
conrarnrng mononers of formula (1) may be prepared——aeeepdkng~Lg_Lhe__

fol | owi ng general reaction schemes. For purposes of ion. the
Wi

mononmers correspond to formula (1) wheeg_p is O. I”I
cycloalkylene, oéﬁionally'substituted alkylene-

cycloalkylene, optionally substituted arylene, and
"optionally substituted alkylene-arylene;

each R? is independently a divalent organic
radical; and

p is 0, 1 or 2.

20. A monomer of claim 19, wherein each X is
~NH-. '

21. A monomer oﬁ'claim 19, wherein each X is ~O-.

22. A monomer of claim 21, wherein p is 1 or 2,
and each R? is a divalent alkylene ether radical.

23. A monomer of claim 22, wherein each R’ is Cg~
Cy2 alkylene-cycloalkylene spbstituted with C3-Cg
alkyl.

- 24. The polymerization product of a ﬁixture.
comprising a monoﬁér of claim 19. ‘

25. A shaped article which is formed of the
polymerization product of a mixture comprising a
mohomer according to claim 19, and a hydrophilic
mono:n.er.

26. The article of claim 25, which is optically

Clear and shaped as a contact lens.

This Sheet Has Been Repl




A detail ed synthesis involving the above schenes is described in Exanples

1 and 2 i.nfra. The difunctional nmononers of fornula (11)
can be prepared by, first, reacting diisocyanate precursors -
) -24-
ABS'I‘RZ\.C'I‘

Urea- and urethane-containing monomers for contact

lens materials are disclosed.

_—
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UREA AND URETHANE MONOMERS FOR CONTACT LENS MATERIALS |

The present invention relates to novel urea and
urethane monomers. The monomers are useful as
st;engthening agents for contact lens copolymeric
hatefials, especially hydrogel contact lens materials.

Various monomeric ‘components are known to increase
‘modulus and tear strength when incorporated in
copolymeric systehs, such as hydrogels used for contact
lenses. As an example, compoundé such as thydroxy-4-
t-butylcyclohexyl methaérylate (TBE) have been
disclosed as a strengthening agent in various hydrogel
formulations (U.5. Patent No. s,oos,szé).- A
characteristic feature of such strengthening agents is
that they are bulky and are sometimes difficult to

syn;hesize.
SUMMARY OF THE INVENTION
In a first aspect, the invention relates to

monomers selected from compounds of the general formula

(I): | . . :.I.,.. :‘.i.lh § N B . v .l
o) o .9, L

o Il . 1 :

(I) A-X- NH-R " ~NH-C-X~-R“~X~C—| p—NH-R

This is the replacement sheet

04 OCT 19%

Date:



a hydrophilic nononer. Preferably, the nmononeric m xture from which
the "article is forned includes at ‘| east one nononmer of formula (1) or
(11 tn an anmount of about 5 to 95 weight percent (nore preferably from
abdut 5 to 50 weight percent; with about 5 to about 30 percent ‘being
‘especially preferred), and at |east one hydrophiliec monomer in an anmount
of fromabout 5 to 95 weight percent (nore preferably fromabout 50 to
about 95 weight percent), based on total weight of the nononeric

conponent s.

According to preferred enbodi nents, the
wherein: '

A is an ethylenically unsaturated polymerizable
radical; . |

each X is independentiy -0- or -NH-:

R is a gonovalent radicai having 5 to 30 carbon
atoms selected from the groﬁp consisting of branched
alkyl, optionally substitutéd cycloalkyl, optionally
substituted alkylcycloalkyl, optionally substituted
aryl, and optiocnally substituted alkylaryl;

each R!' is independently a divalent radical having
5 to 30 carbon atoms selected from the group consisting
of branched alkylene, optionally substitpted
cycloalkylene, optionaliy substituted alkylene-
cycloalkylene, optionally substituted arylene, and
optionally substituted alkylene-arylene:

each R? is independently a divalent organic
radical; and '

p is 0, 1 or 2.

In another aspect, the invention relates to shaped
articles thch are formed of the polymerization product
of a mixture comprising a monomer of formula (I) and a

hydropnilic monomer. advourding Lo preferred

embodiments, the article is optically clear and shaped

as a contact lens.
According to further aspects, the invention
relates to monomers selected from compounds of the

general formula (II), and shaped articles, such as

This is the replacement sheet
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article is optically clear and shaped as a contact |I|ens, including rigid,
. gas permeabl e copol ymeric materials and hydrogel copol yneric materials.
Hydrogel- copolynmers are especially preferred.- : ' - A hydrogel _
is a hydrated cross-linked polymeric o ge :

-

contact lenses, which are formed of the polymerization
product of a mixtu;é comprising the monomer'ahd a

hydrophilic monomer:'

o) 0 0 ‘ o
Il i 5 i il
(II) A-X~C—}NH-R!-NH-C-X-R%~X~C— ;—NH-R!~NH-C-X-A

wherein:

each A is independently an ethylenically
unsaturated polymerizable radical;

' each X is independently -0- or ~NH-; |

R' and R® are as defined for forﬁula (I):
and

p is 0, .1 or 2.

The monomers of this invention function especially
well as a comonomer for hydrogel copoiymeric materials,
and the monomexrs can be synthésized relatively easily.
The monomers can be used to tailor desired properties
of tﬁe éopolymer, including an increase in tensile
strength, modulus and/or tear strength of the resultant

copolwvner,

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

In a first aspect, the invention relates to
monomers selécted’ from compounds of formula (I)
described above. Preferred monomers include urethane

This is the replacement sheet
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systemthat contains water in an equilibriumstate prepared by
-polyner|2|ng a nononeric mxture containing at |east one hydrophilic
* mononer. The .hydrophilic nonomer or the formula (11) mononer may function
as a crossllnklng agent (a crossllnker-ﬁelng defined as a nononer having
mul ti pl e pol yneri zabl e functlonalltles) or a separate crosslinking:
mononer nmay be included in the nononeric mxture. In the case of silicone
hydrogel s, a silicone-containing nmononer is included in the nononeric

m xt ure. desivvatblreshywhepbiithi ¥ donfoemalandbudd-, and urea

derivatives wherein X is =~NH-.

In formula (I) R répresents a relatively “buiky"
radical. It is desired that the monomers act as
strengthening agents for copolymers, providing
increased tensile strength, modulus and/or tear
strength. Since the monomers include at.least cne
"pulky" radical, the monomérs can be used to impart
rigidity and strength to the copolymeric matexial
prepared therefrém.

Representative radicals for R include monovalent
radicals having 5 to 30 carbon atoms, including:
branched alkyl, such as neopentyl; optionally
substituted cycloalkyl, such as cyclopentyl,
cyclohexyl, or derivatives tnereof wherein the
cyclohexyl ring is suhstztuted with one or more cl-cs
alkyl radicals; optionally substituted alkylcycloalkyl,
such as ethyleyclohexyl: optignally substituted aryl,
such as phenyl or derivatives thereof wherein the
phenyl ring is substituted with one or more C;-Cg alkyl
radicals;-and optionally substituted alkylaryl, such as

.benzyl or derivatives thereof wherein uhé pheayl ring
is substituted with one or more C3-Cg alkyl radicais._

R’ represents a relatively "bulky" divalent
radical.' Representatlve radicals for R’ include’
divalent radicals having 5 to 30 carbon atoms,

including: branched alkylene, such as neopentylene:
_—
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et hyl.enical ly unsaturated carboxylic acids, such as nmethacrylic acid and
-acrylic-acid; (meth)acrylic substituted al cohols, such as 2-hydroxyet hyl
met Racryl at e’ and 2- hydroxyethyl acrylate; vinyl |actans, such as N-vinyl
pyrrolidone; and acryl am des, - such as &geth)acryl am de and N, N-di net hyl _
(nmeth)acrylamde. (As used hereim the term "(meth)" designates optiona
met hyl substitution. Thus, terns such as " (neth)acrylate" denote acryl ate
radi cals and nethacrylate radicals.) Oher suitable hydrophilic

optionally substituted cycloalkylene, such as 1,3-.
cyclopengylene, 1,4-cyclohexylene, or derivatives
‘thereof wherein:the cyclohexyl ring is substituted with.
one or more cl;cs alkyl radicals; optionally
substituted alkylene-cycloalkylene, such as
ethylenecyclohexylene,'l,4—diméthylene-cyclohexylene or
methylene~1,5,5-trimethyl~1,3-cyclohexylene; optionally
substituted arylene, such as 1;4-pheny1ene, 1,3~ '
éhenylene, 4,4'-diphenylene, or derivatives thereol
wherein the phenyl ring is substituted with one or more
C1-Cg alkyl radicals; and optionally substituted
alkylene-érylene,-such as l,4-dimethylenephenylene.

R in formula (I) is a divalent organic radical.’
This radical is the residue of an ¢,w-dihydroxyl
reaétant or an «&,w~diamino reactant (wherein the
terminal hydroxyl or amino radicals feéct_with an
isocyanate reactant to form the urethane or urea
linkage, respectively). Representative diamino
compounds include 1,2-ethylenediamine, 1,4-
pheny}enediamine; 1,6-hexamethylenediamine and 1,4~
cyclohexyldiamine. Representative dihydroxyl compounds .
include neopentyl glycol, 1,2-ethanediol, 1,8~
hexanediol, triethyleneglycoll bisphenol A, 1,4~
'cyclohexanedimetganol, 1,2~-propanediol, and
2,2,3,3,4,4-hegaf1uoropentane-1,5-diol. Accordingly,
§referred R? radicals ihclude C1~C310 alkylene, C1-Cjp

haloalkylene such as C1~C10 fluorocalkylene, C»-Cio
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-mononers will be apparent to one skilled in the art. Representati ve
crosslinki ng nononers include: divinyl nononmers such as divinyl benzene;

allyl  nethacryl ate; di(neth)acryl ate nononers. such as et hyl enegl ycol di
(et h) acryl at e, tetraethyleneglycol -6— -

alkylene ethers, Cg-C10 arylene, cs~Cio.haloary1ene,
c7~c10 alkylarylene, C7-C10 haloalkylarylene, and Cg-
Ci0 cycloalkylene. Optionally, the R? radical may
correspond to the "bulky" radicals described above for
. _ _

‘ Representatiie polymerizable radicals for A

include those of the fgrmula éIII):

RS .
R3-CH=C- (CH) y~ (R5) = (AT) y=(CHz) p——  (III)

wherein:

R? is selected from the group consisting of
hydrogen, an alkyl radical having 1 to 6 carbon atoms,
and an R*-y-cO- radical wherein R is an alkyl radical
having 1 to 12 carben afoms énd Y is -0~, =8- or -NH-;

R® is selected from tﬁe group consisting of -COO0-,
~0CO-, ~CONH-, -NHCO-, -0CQO-, -NHCOO- and -OCO-NH-;

R® is selected from the group consisting of
hydrogen and methyl;

Ar is an aromatic radical having 6 to 12 carbon
atoms;

w is 0 or an integer of 1 to 6;

x is 0 or 1;

y is. 0 ;r 1; and.

z is 0 or an integer of 1 to 10.
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- di (meth)acryl.ate, and pol yet hyl enegl ycol -di(net.h)acrylate; and

- vinyl carbonat e -deri'vatives of the glycol di(neth)acrylates, i.e.,
conpounds wherein at . |east one (nmeth)acrylate radical is replaced with a_
vi Nyl carbonat e group, such as nethacryl ezxyet hyl' vinyl.earbonate having the
formul a: - [err] This ldtter crosslinking nononmer is preferred
when t he hydrophlllc nonomer contalns vinyl -functionality other

A preferred class of polymerizable radicals are

represented by the formula:

RS

CH=C~CO0~ (CH» ) g~ ' : (IVj
where z is as.praviously defined.

The monomers of formula (I) are especially useful
for increasing tear strehgth of hydrogel copolymeric
contact lens materials. |

A second preferred class of monomers include the
difunctional monomers of formula (II), described above,
containing two ethy;enically_unsgturated po;ymerizable
radicals. Preferred moﬁomers include urethane
derivatives wherein each X in formula (II) is -0-, and
urea derivatives wherein each X is ~NH-.

The A radicals in formula (II), which may the same
or different, are preferably a radical chosen from
those representéd by formula (III)! more preferably, a
radical chosen from those represented by formula (IV).

In formula (IX), R’ represents a relatively
"bulky" divélent radical. Representative radicals for
R’ include those discussed above."Rg in formula (II)
is a divalent organic radical, as discussed for formula
(I) compounds. )

This latter class of monomers are especially

useful for increasing modulus of the copolymer, since,

AT meeve—
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“than.a (neth)acryl ate group, -such as N-vi nyl - pyrrolidone. Preferably,.
t he crossllnklng mononer is included in the nnnonerlc m xture at - about
.0.0f.to- about 10 wei ght percent based on total weight of the nononeric

. conponent s. The nmononeric m xtures including the nononers of the:
present invention, when copol yneri zed, afe readily cured to cast shaped
articles by nethods such as UV polyneri.zation, thernal pol ymeri zati on, or
conbi nations thereof. Representative thermal polynerization

in addition to increasing_rigidity of the copolymer,
the difunctional monomers provide crosslinking. |

The monomeré of the invention may be synthesized
according to general methods known.in the axt from
precursers that are commércially aVailablé or that can
be synthesized by methods'kpown'to those skilled in the
art. Generally, urethane?containing nonemers c¢an be
synthesized by reacting desired isocyanate precursors
with hjdroxyl-terminated precursors, and urea-
contéining monomers can be synthesized by reacting
desired isocyanate precursors with amino-terminated
precursors.

fhe monofunctional urethane-containing or urea;
containing monomers of formula (I) may be prepared
according to the following general reaction schemes.
For purposes of illustration, the monomérs correépond

to formula (I) where p is 0.

i

A<0H + ~ OCN~-R — A~0-C~NH-R
| ]

A-NCO <+  HpN-R ——) A-NH-C-NH-R

A detailed synthesis involving the above schemes is

described in Examples 1 and 2, ihfra.
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‘inigfiators are
| aur @yl - per oxi de,
" tertiary butyl

organi c peroxides, such as for exanple acetal peroxide,

decanoyl peroxide, ‘stearoyl peroxi de,  benzoyl peroxide,

per oxypi val ate and peroxydlcarbonate in a concentration

about .0.01 to 2 percent by" melght of theglotal.

-12-

The difunctional nonomers of.formula (II) can be
prepared by, first, react;ng dllsocyanate precursors
(generally ceontaining the “bulky" R’ dlvalent radlcal)
with the aforementioned a,w-dxhydroxyl reactants or
¢,w~diamino reactants (generally containing the R2
divalent radical), at a desired ratio, followed by
endcapping the resultant prodﬁct with ethylenically
unsaturated éolymerizable radicals. A representative
scheme is described in Example 3, infra. |

In another aspect, the invention relates to shaped
articles Ghiéh are formed of the polymerization p;odﬁct
of a mixture comprising a monomer of this invention and
a hydrophilic monomer.

Preferahlf, the monomeric mixture from which the
article'is formed includes at least one monomer of
formula (I) or (II) in an amount of about 5 to 95

weight percent (more preferably from about 5 to 50°

weight percent, with about 5 to about 30 percent being

espeeia}l& préferred), and at least one hydrophilic

monomer in an amount of from about S to 95 weight

percent (more preferably from about 50 to about 95

weight percent), based on total weight of the monomeric
components. According to preferred emboaimeﬁts, the
article is optically clear and éhaped as a contact
lens, including rigid, gas permeéble copolymeric
materials and hydrogel copolymeric materials. Hydrogel

copolymers are especially preferred.

of
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monomer m xture. Representative W |n|t|ators are those known in the

- field such as, benzoin nethyl -ether, - benzoin ethyl ether, :Darocur-1173, .
1164, 2273, -1116, 2959, -3331 (EM Industrles) and 'l gracure 651 and-184.
(C'ba- Geigy). The nononeric mixture naya@kso include other nononers or
conponents as wll be apparent to one skilled in the art, for exanple,
colorants or .UV absorbing agents. I'n prodUC|ng contact | enses, the
‘nononeric mxture nay be cured in tubes to provide rod-shaped artlcles

which are then cuta iHjdrdysl oS a Hytrdtéd afSos@y1 iNRed polymeric
' system that contains water 1n an egquilibrium state

prepared by po}ymermzlng a monomeric mixture contalning '
at least one'hydrophilic mohomer. The hydrophilic
monomer or the formula (II) monomer may function as a
crosslinking agent (a crosslinker being defined as a
‘monomer having multiple polymerizable fuhctionalities),
or a separate cfosslinking'monomer may be included in
the monomeric mixture. In the case of silicone
hydrogels, a silicone-containing monomer is included iﬁ
the monomeric mixture.

. Suitable hydrophilic monomers include:
ethylenically unsaturated éarboxylic acids, such as
methacrylic acid.and acrylic acid: (meth)acrylic
spbstitﬁted alcohols, such as 2-hydroxyethyl
methaciylate and 2-hydroxyeth§l acrylate; §inyl':
lactams, such as N;vinyl pyrrolidone; and acrylamides,
such as (meth)acrylamide ahd N,N~dimethyl
(meth)acrylamide. (As used herein, the term f(meth)"
designates optional methyl substitﬁtion. Thus, terms
suph as “imeth)acrylate“ denote acrylate radicals and

.methacrylate radicals.) Other suitable hydrophilic
monomers will be apparent to oné skilled in the art.
. Representative crosslinking monomers include:

divinyl monomers such as divinylbenzene; allyl
methacrylate; di(heth)aérylaté monomers such as

ethyléneglycol di(meth)acrylate, tetraethyleneglycol
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be | athed into contact |enses. Alternately, contact |enses may be cast _
directly in nmolds fromthe nononeric mxtures, such as by spincasting and
static casting nethods. ‘As an additional nethod, an excess of a nononeric
~mxture can be cured by spincasting in_gjqoold to forma shaped article :
having an anterior lens surface-and a relatively |arge thickness, and the
posterior surface of the cured spincast article is subsequently lathed to
provide a contact |ens having the desired thickness and posterior |ens

surf.ace. .di(meth)acrylate; and polyethyleneglycol
di(meth)acrylate;: and vihylcarbdnate derivatives of the
‘glycol di(meth)écrylates, i.e., compounds wherein at
least one (meth)acrylate :a&ical is replaced with a
- vinylcarbonate group, such as methacryloxyethyl
vinylcarbonate having the formula:
O CHj

O. |
I i |

CH,=CH~0CO~CHCH,;~0C-C=CHy

This latter crosslinking monomer is preferred when the
hydrophilic monomer contains vinyl functionality other
than a (meth)acrfiate group, such as N-vinyl-2-
pyrrolidone. Preferably, the crosslinking monomer is
included in the monomeric mixture at about 0.01 to
about 10 weight percent based on total weight of the
monomeric componénts. .

The monomeric mixtures including the monomers of
the present invention, when copolymerized, are readily
cured to cast shaped articles by methods such as uv
polymerization, thermal polymerization, or combinations .
thereof. Representative thermal polymerization
‘initiators are organic peroxides, such as for exanmple
.acetal peroxide, lauroyl peroxide, decanoyl] peroxide,
stearoyl peroxide, benzoyl peroxide, tertiary butyl
peroxypivalate and pe¥oxydicarbonate.in a concentration

of about 0.01 to 2 percent by weight of the total’
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*. The follow ng exanp[es.further.iLIUstrate various . preferred enbodi nents.

EXAVMPLE 1 Synthesis of 1- cycl ohexyl - 3 -met hacryl oxyet hyl
3-neck 250-nL round bottom-flask equi pped with a- -

=12~

car bamat e

monomer mixture. Representative UV initiators are

those known in the field such as, benzoin methyl ether,

" benzoin ethyl ether, Darocur-1173, 1164, 2273, 1116,

2959, 3331 (EM Industries) 'and Igracure 651 and 184

(Ciba-Geigy). The monomeric mixture may alsc include

other monomers or components as will be apparent to one

skilled in the art, for example, colorants or UV-

absorbing agents.

In producing contact lenses, the monomeric mixture

may be cured in tubes to provide rod-shaped articles,

which are then cut into buttons. The buttons may then

be lathed into contact lenses. Alternately, contact’

lenses may be cast directly in molds from the monomeric

mixtures, such as by spincasting and static casting

methods. As an additional method, an excess of a

monomeric mixture .can be cured by spincasting in a mold

to form a shaped article having an anterior lens

surface and a relatively large thickness, and the

posterior surface of the cured spincast article is

subsequently lathed to provide a contact lens having

the desired thickness and posterior lens surface.

The following examples further illustrate various

preferred embodiments.

Date:
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refl ux condenser was charged with 2-hydroxyethyl"nethacrylate (6.7185 g),;
_-1,1"-bi*2-naphthol (1.3 ng), cyclohexyl isocyanate (6.100 g), dibutyltin
dilaurate (49 ng) and 50 nL of methylene chloride. The mixture was then.
stirred until the IR spectrum of the pppﬂg;t ‘indicated no NCO peak (16 °
hours). The solution was filtered and e€Vaporated to dryness to recover the
product. The product was characterized by HNWR, 0.70- 2.10 ppm(m, 10H) -
1.92. ppm (s, 3H), 3.42 ppm(m 1H),  4.22 ppm (s, 4H), 4.92 ppm (b, 1H,
5.50 pph1(s, 1H), 6.10 ppm (st 1H)EXAMPLE'1

Synthesis of:1—cxclohégxl-$-methécgzloxxethzl carbamate

A 3-neck 250-mL round bpttom'flask equipped with a.

reflux'condenser was chafged with 2~-hydroxyethyl

methacrylate (6.7185 g), 1,1’=bi-2~naphthol (1.3 mg),

cyclohexyl isocyanate (6.100 g), dibutyltin dilaurate

(49 mg) and 50 mL of methylene chloride. The mixture

was then stirred unti) the IR spectrum of the product

indicated no NCO peak (16 hours). The solution was

fiitered and evaporated to dryness to recover the

product. The product was cﬁaracterized by H-NMR, (.70~

2.10 ppm (m, 10H), 1.92 ppm (s, 3H), 3.42 ppm (m, 1lH),

4.22 ppm (s, 4H), 4.92 ppm (b, 1H), 5.50 ppm (s, 1H),

6.10 ppm (s, 1H).

BEXAMPLE 2

Synthesis of l-cvclohexvl-3-methacryloxyethvl urea

" A 3-neck, 250-mL round bottom- flask equipped with
a reflux condenser was charged with isocyanatoethyl
methacrylate (7.79.¢), 1,1’-bi-2-naphthol (1.3 mg) and
50 mnL of methylene chloride, While stirring, |
cyclonexylanine €5;24'g) and dibutyltin dilaurate (52.3
ng) in 50 mL of methylene chloride were ad@ed ovgr a l1ls
minute period. -The reaction mixture was kept stirred
for an additional 30 minutes. The. solution was
filtered and evaporated to dryness 'to recover the

product. The product was characterized by H~-NMR, 0,72-
- .

'\\\gf\f\ff‘f“‘ ' | This is the replacement sheet
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EXAMPLE 2 ,Synthesis of 1-cyclohexyl -3-nethacryl oxyethyl urea A
3-neck, 250-nmL round bottom flask.equipped with .a reflux condenser was
charged. with isocyanatoethyl " methacrylate (7.79.g), 1,1 -bi-2-naphtho

(1.3 ng) and 50 nmL of methylene chlori & VWi le stirring, cyclohexylan he
(5. 24 g) and dibutyltin dilaurat.e (52.37 ng) in 50 nL of nethyl ene
chloride were added over a 15 mnute period. "The reaction m xture was
kept stirred '

2.10 ppm (m, 1H), 1.90 ppm (s, 3H), 3.45 ppm (t, 2H),.
3.50 ppm (hidden, 1H), 4.18 ppm (t, 2H), 5.12 ppm (s,
1H), 5.26 ppm (s, 1H), 5.52 ppm (s, 1H), 6.10 ppm (s,
1H) . | |

EXAMPLE 3

Svnthesis of a Urethane Dimethacrvlate
To a 3-neck round bottom flask equipped.with a

reflux condenser were a@deﬁ isophorone diisocyanate
(6.6659 g, 0.03 mol), diethyleneglycol (2.1260 g, 0.02
mol), dibutyltin dilaurate (96.1 mg) and 60 nl of
methylene chlofide. The contents were refluxed for 6
hours, then cooled to room temperature. To the
contents were added 2-hydroxyethyl methacrylate (3.091
g) and 1,1’-bi-2-naphthol (1.2 mg). The mixture was
then stirred until the NCO peak disappeéred (48 hours).
The seclution was filtered and evaporated to dryness to
recover the product, a mixture of dimethacrylate'
urethane ﬁsomers. One isomer is the dimethqcrylate
urethane shown below, wherein each R’ is the
hydr;carbyl residue of the iéophorone diisocyanate and

each A is 2-ethyimetchacrylate:

or o]
| ] I
A-OC——NH-R'=-NHCO~- (CH3CH50) o—C=| o~NH-R ' -NHCO-A

.This is the replacement sheet
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for an addi:tional- 30-m nutes. The. solution was filtered and evaporated to
dryness..to.recover the " product. The product was characterized by H NWR

0. 72-- B _ ' -14- 2.10 ppm (m, "1H), 1.90 ppm
(s, 3H), 3.45 ppm (t, 2H), 3.50 ppn1(higg§n,'1kb, 4.18 ppm (t, 2H), 5.12~
ppm (s, - L o

EXAMPLES 4~-9

The pixtureS'liéted.in mgble 1 were cast between
two glass plates and cured under UV light for 2 hours.
The resultant films were released and boiled in
deionized water for 4 houfs and then placed in buffered
.saline. The water content and mechanical properties |
were then measured. The amounts listed in Table 1 are
parts by weiéht. It is noted that the Contrel (C1)

included no monomer of the present invention.

TABLE 2
. Example No. .
Component cl 4 5 6 i 8 9
BEMA 55 55 55 55 55 55 55
NVP 45 45 45 45 45 45 45
HEMAVC 0.2 0.2 0.2 0.2 0.2 0.2 0.2
DAROCUR~1173 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Glycerin « 20 2 20 20 20 20 20
Urethang*MA - - - - 5 10 15
Urea MA - 5 .10 15 — - -

IWater 7.2 63.5 60.3 55.1 69.4 67.6 61.4
Tear . 0.5 1.4 2.2 3.3 1.1 2.3 3.6
Modulus ° 10 s 12 1o 8 10

:*COmpound of Example 1
Compound of Example 2

ﬁxau?LE 10 _
The following mixtures were cast into copolymeric
hydroge) films following the procedure of Example 4.
It is noted that formulation €2 included no monomer of

the present invention.

;:;ffi€ ;c¥3?f. - _ ThBiStheregjf?Eﬁﬁkf. t
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1H), 5.26 ppm (s, 1H), 5.52 ppm(s; 1H), 6.10 ppm (s,

EXANPLE 3 Synthesis of -a Uethane Dinethacrylate To a 3-neck round -

"bot:t om fl ask equi pped with a reflux condenser were added i sophorone .
dii socyanate (6.6639 g, 0.03 nol), @xleneglycol (2.1260 g, 0.02 nol),
dibutyltin dilaurate (96.1 ng) and 60 met-hyl ene chloride. The,

.contents were refluxed for 6 hours, then cooled to roomtenperature.

t he

TABLE 2

- Example c2 10
Formulation:
HEMA ’ 31.8 . 3l.8
NVP ) : 44,7 44.7
HEMAVC 0.5 0.5
DAROCUR=-1173 c.2 0.2
Glycerin : 15 15
Tint ' 0.006 0.006
TBE 7.95 ——
Urethane DiMa* - 7.95
Tensile - : 9 22
Tear 1.2 2.0
Modulus _ 10 75
$ Elongation 110 35

*Urethane dimethacrylate monomer described in Example 3 -

EXAMPLES 11=-12
The nmixtures listed in Table 3 were cast into
copolymeric hydrogel films following the procedtre of
Example 4. PFormulations €3 and 64 included- no monomer

of the present invention.

TABLE 3

Component c3 21 12 c4
HEMA - 55 55 55 55
NVP . 45 45 45 45
HEMAVC 0.5 0.5 0.5 0.5
DAROCUR-1173 0.2 0.2 0.2 0.2
Glycerin - 20 . 20 20 20
" Urethane MA™ - 15 - -
Urea MA - - a5 -
TBE - - 18

£ Water . ' 69 56 54 53
Tear 3.6 7.4 5.5 . a3 .
Modulus - .30- _ 45 55 30

:*bompound of Exanmple 1
. Compound of Example 2

Date:
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contents were added 2-hydroxyethyl nethacrylate (3.091 g) and

| ,1"-bi-2-naphthol (1.2 ng). The mixture was then stirred until the NCO
‘peak di sappear.ed (48 hours). The solution was filtered and evaporated to
dryness to recover the product, a m xtime of di-methacrylate urethane )
i somers. One isomer is the dinmethacrylate urethane shown bel ow, wherein
each R.is the hydrocarbyl residue of the isophorone diisocyanate and
each A is 2-ethyl nmethacryl ate: ' o

Many other moditications'and variations of the
'present invention éra=possible to the skilled
practitioner in the field in light of the teachings
herein. It is therefore.understood that, within the
scope of the claims, the present invention can be

practiced other than as herein specifically described.

I Claim:

This is the replacement sheet

pate: 04 OCT 1996



0 [err] . EXANP%Egiijl_______Ihe_nqxtﬁresH
listed<.in Table 1 were cast betmeen_ two glass plates and cured under UV .-'
onter # howrs. e l\Il\ll\\\\I\\III\H\I\I\H||\

1. A monomer selected from compounds of the

. general formula:

0 0 0 a
I oo,
(). A=X- NH-R'=NH-C-X~R“-X-C—{y—NH-R .

wherein:

A is ah ethylenically unsaturated polymerizable
radical; _ '

each X is independently -0- or -NH-;

R is a monovalent radical having 5 to 30 carbon
atoms selected'from the group consisting of branched
alkyl, optionally substituted cycloalkyl, optisnally
substituted alkylcycloalkyl, optionally substituted
aryl, and optionally substituted alkylaryl;

each R' is iﬁdependenély a divalent radical having
5 to 30 carbon atoms selected from the group coﬁsisting
of branched alkylene, optionally substituted
cyclbalkylene, optionally substituted alkylene-
cycloalkylene, optionally substituted arylene, and
optionally substituted alkylene-arylene;

| each R? is independently a divalent organic
radical; and

P is_o,.l or 2.

2. A monomer of claim 1, wherein each X is -0-.

3. A sonomer of claim 1, wheréin each X is -NH-.

e

heet Has Been RTlaced This is the replacement sheet
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The resultant filns were rel eased and boil ed inmaEngggzgg’m@LELfﬁor 4
hours .and then placed in buffered saline. The ntent and nechanlcal
properties - were then neasured. The anounts |isted “ parts by
weight. It is noted that the Oontrol (d) inclu ﬂﬂm\“\m t he N

present inventi on. : -19- TAB
Exanpl e No. Conponent a - 4 . 5. 9 HEMA

- 55 56 55 55. 55 55 , 55 \WP 45 45 45
45 45 45 o : - -
4. A monomer of claim 1, wherein A is a radical

of the formula:
'Ré
3 s 5.

R¥-CH=C— (CH3 )y~ (R") = (Ax) y—(CH3) z—
wherein:

‘R® is selected from the group consisting of
hydrogen, an alkyl radical having 1 to 6 carbon ééoms,
and an R%-Y-co- radical wherein R® is an alkyl radical
having 1 to 12 carbon atoms and Y is -0-, ~-S- or -NH~;

RS is selected from the group consisting of -éoo-,
-0CO-, —-CONH-, -NHCO-, —-0C00-, -NHCOO~ and -0CO-NH-;

R® is selected from the group consisting of:
hydrogen and hgthfl:

Ar is an aromatic radical having 6 to 12 carbon
atoms; |

w is 0 or an'integér of 1 to 6;

" x is 0 or 1;
y is 0 or 1; and
2 is 0-or an integer of 1 to 0.

5. A monomer of claim 4, wherein A is a radical

of the formula:

RS
CH=C-CO0~ (CHs ) p——

This is the replacement sheet
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0.2 0. 2 _ 0.2 DAROCUR 1173 0. 2

HEMAVC : 0.2 0.2 ,0.2 0.2 '
0.2%.0.2 0.2 0.2 0.2 0.2 Qycerin:
-+ .20. 20 Urethane MA* =~ . = -- .- - 5\\“\“@“\“@3“@‘&“
- - 5 10 15 T - - - - - ter 3 55 1
69.4 67,6 61.4 Tear 0.5 If - 1.1
Modul us - 9 - 10 15 12 10 8-__ 10 *Cbnpound Of
Exanpl e 1 **Conpound of Exanple 2 The follow ng m xtures were
cast into copol yregic  Rygrogel f il Lob! 9 DR PRSI ey @l © 4

from.the.grbup conszstlng of: c5—06 cycldalkyl; Cs~Cg
cycloalkyl substituted.with C1-Cg alkyl: Cg—~Cyo~
“alkyleycloalkyl: C6~Clz_glkyicycloalkyl substituted
with €3-Cg alkyl; Cg—Cyg aryl; Cg-Cig aryl substituted
with C3-Cg alkyl:; C7-Cy; alkylairyl:; and Cg~Cj;q branched
alkyl. | |

7. A monomer of claim 1, wherein p is 0.

8. A monomer of claim 7, l-cyclohexyl=3-
methaéryloxyethyl carbamate.

9. A monomer of claim 7, l1=-cyclohexyle3-
methacryloxyethyl urea.

10. The polymerization product of a mixture =
comprising a monomer of claim 1.

11. A shaped article which is formed of the
polymerization product of a mixture comprising:

{(a) a monomer selected from compounds of the

general formula:

(1) A-X-C—{-NH-R'-NH—C-X-RZ-X~CHJ ——NH-R

wherein:
A is an ethylenically unsaturated polymerizable
radical; |

each X is independently -0- or -NH-;

- This Sheet Has Been Reﬂlaced
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‘It i.s noted that fornulatlon 2 |ncluded no. nDnonEL—ei—_Lhe—pLesenL___

|nvent|on

@ o fomiaion IIIIIIIIIlllllllmllllllllll E

-21-

 § is a monoQalgnt'radical_having 5.;0'30 carbon
atoms selected from. the group consisting of branched
alkyl, opticnally sﬁbstifuted cyclbalkyl, optionally
substituted alkylcycloalkyl, optionally substituted |
aryl, and oétionally substituted alkylaryl}

each R' is independently a divalent radical having
5 to 30 carbeon atoms selected from the group consisting
of branchead élkylene, optionally substituted
cycloalkylene;.optionally substituted alkylene~
cycloalkylene, optionally substituted arylene, and
opt;onally substituted alkylene-arylene;

each R? is independently a divalent organic
radical; and

P is 0, 1 or 2; and

' (b) a hydrophilic monomer.
. 12. The article of claim 11,' which is optically

clear and shaped as a contact lens. '

13. The article of claim 12, wherein the mixture
further comprises a crosslinking agent. -

i4. The ‘article of claim 12, wherein the
hydrophilic monomer includeé at least one ﬁember
selected from the group consisting of ethylenically
unsaturated carboxylic acids, (meth)acrylic substituted

alcohols, vinyl lactams, and acrylamides.
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HEMA 31.8 31.8 NVP 44.7

814.27GHEMAVQ : L 0.5 150T5 DAROCOR 1175 ——— | 0-862
ycerin : 2, R i nt
L X e Ll

2.0 Modulus . .10 - 75 @6Elongat|on | 110

35 Urethane dlnethacrylate nmononer described in Exanple 3

XAVPLES 11-12 35 Tl SH4185e b SHh i 18P b dl Gugst 1110
. hydrophilic monomer is selected from the group ]

consisting of 2-hyd£oxyethy1 methacrylate, N-vinyl-

pyrrolidone, N,N-dimethylacrylamice, and mixtures

thereof.

16. The article of claim 12, wherein the monomer
is selected from compounds of formula (I) wherein p is
o.

17. The article'of claim 16, wherein the monomer.
of formula (I) is 1-cyclohexyl-3-methacryloxyethyl
carbamate. |

. 18. The article of claim 16, wherein the monomer
of formula (I) is l-cyclohexyl-3-methacryloxyethyl '
urea.

19. A monomer selected from compounds of the

general formula:
I oo,
(II) A=-X~=( NH=R'=NH=-C~-X~R*=X~C p——-NH-R'-NH-C—X—A

wherein:

each A is independently an ethylen%cally |
unsaturated polymerizable radiéal:

each X is independently =0- or =-NH=-;

eacﬁ R' is independently a divalent radical having
5 to 30 carbon atoms selected'from the group consisiing

of branched alkylene, optionally substituted.

_‘\

—
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copolynerlc hydrogel filnms foll ow ng t he procédure of Exanple 4.
Formyl ati ons C3 and C4.incl uded no nononer of the: ﬁ%esenp—pn¥enLLon___
TABLE 3 Conponent o - C3

11
S s Sewe L I

- DAROCUR- 1173 - 0.2 - 0.2 - 0.2 , - 0.2 (]ycerln

20 20 ' 20 20 Urethane MA* - - 15
- - -- Urea MA** : -
TBE cycloalkylene, © ptionally subst;tutedzﬁ§kx%qnﬁ '
69 56

cycloalkjiene, opé%onally substituted arylene,-and 
‘optionally substituted alkylene-arylene; |

each R? is independently a divalent organic
radical; and | |

p is 0, 1 or 2.

20. A monomer of claim 19, wherein each X is
~NH-. |

21. A monomer of claim 19, wherein each X is -O-.

22. A monomer of claim 21, wherein p is 1 or 2,
and each R2 is a divalent alkylene ether radical.

23. A monomer of claim 22, wherein each R’ is Cg~
C12 alkylene-cycloalkylene substituted with C;-Cg
alkyl.

. 24. The polymerization product of a ﬁixture.
comprising a monomer of claim 18. 7 )

25. A shaped article which is formed of the
polymerization product of a mixture comprising a
monomer according to claim 19,.and a2 hydrophilic
monomer.

26. The article of claim 25, which is optically

Clear and shaped as a contact lens.
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Tear . 3.6 7.4 5.5 13 Nbdul us 30
45 - o« 55, 30 *Conpound.of Exanple 1 **Conpound of Exanple 2
-17- Many ot her nodifications and variations of the present

i fvention are possible to the skilled
- 24
UREAANDURETHANE MONOMERS FOR CONTACT LENS MATERIALS ' -
'ABSTRACT
Urea- and urethane-containing morfbmers for contact

lens materials are disélosed.

This is the replacement sheet
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practitioner in the field in light of the teachings herein. It is
t.heréfore understood that, within the scope of the clains , the present
i nvéntion can be practlced ot her than as herein speC|f|caIIy descrlbed
| "daim e

A preferred class of polymerizéble radicals are

represented by the formula:

R6

CH2=C-CO0~- (CHy ) g—— (IV)
where z is as previously defined.

The monomers of formula (I) are especially useful
for increasing tear strength of hydrogel copolymeric
contact lens materials.

A second preferred class of monoﬁers include the
difunctional monomers of formula (II), described above,
containing two ethylenically unsaturated polymerizable
radicals. Preferred monomers include urethane
derivatives wherein each X in formula (II) is -0-, and
urea derivativés wherein each X is -NH-.

The A radicals in formula (II), which may the same
or different, are preferably a radical chosen from
those represented by.formula (III), more preferably, a
radical chosen from those represented by formula (IV).

In formula (II), R! répresents a relatively
"bulky" divalent radical. Representative radicals for
R' include those discussed above. R2 in formula (II)
is a divalent organic radical, as discussed for formula
(I) compounds. |

This latter class of monomers are especially

useful for increasing modulus of the copolymer, since,

il e
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e

I & -ai m | ' Iected fron1conpounds of the general
forml a: ‘\!ﬂ‘lg“\!‘“ﬁ“ﬂ“\ -18- 0O [err] V\/nereln

A is an ethyl eni nsat vr ated polynerlzable Lanlqar of the fqQtnule, .

[err] each X is independently -O or NH; :°*: R rs"a.nnnqvatent"""
radi cal sel egt edafimem t he group consisting of [eYr]* cyelcal kyPs [e&rr]ee = y
cycl oal kyl substituted with [err] alkyl; [err] -alkylcycloal kyl; [err]

1. A monomer selected from compounds of the general
formula: '

0
I o ]
A-X-C =~ NH-R'~NH-C-X-R°-X-C = p — NH-R

wherein: )

A is an ethylenically unsaturated polymerizable radical
of the formula:.

_ RS
® R-c=t- (CHa) - (R°) x- (AT)y-(CH2)z —. 7

each X is independently -0~ or NH-; _

R is a monovalent radical selected from the group
consisting of Cs-Cg cycloalkyl; Cs-Cg cycloalkyl substituted
with C3-Cg alkyl; Cg-Ciz-alkylcycloalkyl; Ce-Ci2
alkylcycloalkyl substituted with C3-Cg alkyl: Cg-Cig aryl:
Cs-C10 aryl substituted with C;-Cg alkyl; C7-Ciz alkylaryl:;
and Cs-Cjigo branched alkyl:

each R' is independently a divalent radical having 5 to
30 carbon atoms selected from the group consisting of
branched alkylene, 6ptionally substituted cycloalkylene,
optionally substituted alkylene-cycloalkylene, optionally
substituted arylene, and optionally substituted alkyiene-

. arylene; '

6

each R2 is 1ndependently a dlvalent organic radical;

p is 0, 1 or 2; _

R is selected from the group consisting of hydrogen,
an alkyl radical having 1 to 6 carbon atoms, and an RG-Y—CO-
radical wherein R? is an alkyl radical having 1 to 12 carbon
atoms and Y is -0-, -S-, or -NH-;

R> is selected from the group consisting of -C00-, -
0CO-, =CONH-, -NHCO-, -0COO-, -NHCOO- and -0OCO-NH-;

R6 is selected from the group consisting of hydrogen

and methyl;

\
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F :
alkyl cycl oal kyl substituted with [err] alkyl; [err] aryl; [err] aryl

substituted with ﬂum mmu] 12 al kyl aryl and [err] branched al kyl ;
each R is indepe " , ""EH t radi cpy- haV|ng 5 to 30 carbon atons
sel'ected fromthe {§robip bons|§t|ng of branched akkylene opthonaLJ '-.

substituted cycl oal kyl ene, optionally substitut ed" alk1 ene—cyckoalkyl .

optional |y substizgted aﬁy&aﬁataadraaieanahévlﬁ?bsttbunsdcakisaheaeoms, e
aryl ene; each eré i S |nde£endently a dlé ent organi c radical

pis 0, 1or 2 rPT AR 1BFEEEE°Fr bnFPhe? group consisting of
hydrogen, an al kyk 1adocot having 1 to 6 carbon atons, and an [err]-y-CO
radi cal mhereln [ﬁl é bsogn aIkX radi cal having 1 to 12 carbon atons and
is -0-, -S-, [%(rf Ps sel ected fromthe group consisting of

-Coo-, - OCO, cm&souﬁoax in€eger, of NHCE® 1and - OCO- NH-; [err] is

sel ected fromtheygroup £aASHaL B¢ 81aiNdi0%GHePOn"ELEK! X is -o-.
3. A monomer of claim 1, wherein each X is -NH-.
4. A monomer of claim 1, wherein A is a radical of
the formula: | |

R6
CH2=é-COO-(CH2)z--
5. A monomer of claim 1, wherein p is 0.
o 6. A monomer of claim 5, l-cyclohexyl-3-
methacryloxyethyl carbamate. '
7. A monomer of claim 5, l-cyclohexyl-3-
methacryloxyethyl urea.
8. A shaped article which is formed of the
polymerization product of a mixture comprising:
(a) a monomer selected from compounds of the
general formula: )

O ) 0 0
I 5
A-X-C ~-NH-R'~NH-C~X-R"~X-C NH-R
P
. wherein:
A is an ethylenically unsaturated polymerizable
radical;

each X is independently -0- or NH-;

R is a monovalent radical having 5 to 30 carbon
atoms selected from the group consisting of branched
alkyl, optionally substituted cycloalkyl, optionally
substituted alkylcycloalkyl, optionally substituted
aryl, and optionally substituted alkylaryl;

each R' is independently a divalent radical having
5 to 30 carbon atoms selected from the group consisting
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Ar”i's an aromatic radical having 6 to 12 carbon atomns; wis 0 or an

I nt eger of
an’fnteger
nononer of
[err]

claims, 1'CyC|Qh8§¥io§1kylene, optionally substituted alkylene-

ot MMM ororocoot ol 5. herei eépihsx‘ﬁ ;.

A nmohorfer “of "cl&i i 1, wherein eache i s® s NL. .2 ¢ °% A .
clalml wherein Ais a radical of the fiorjiw q.* '..' .2. et
5. Pofichoanchefl alkyirede, wptébnaplyssQbstituted A mononer  of

cycloalkylene, 6ptionally substituted arylene, and

optionally substituted alkylene-arylene;. )

each R? is independently a divalent organic
radical; and |

p is 0, 1 or 2, and

(b) a.hydrophilic monomer,

and wherein the article is optically clear and shaped

as a contact lens.

9. The article of claim 8, wherein the mixture
further comprises a crosslinking agent.

10. The article of claim 8, wherein the hydrophilic
monomer includes at least one member selected from the group
consisting oflethylenically unsaturated carboxylic acids,
(meth)acrylic substituted alcohols, vinyl lactams, and
acrylamldes.-. ' _

11. The article of claim 10, wherein the hydrophilic
monomer is selected from the group consisting of 2-
hydroxyethyl methacrylate, N-vinyl pyrrolidone, N,6N-
.dimethylacrylamide, and mixtures thereof. _

12. The article of claim 8, wherein the monomer is
selected from compounds of the general formula wherein p is
0. ) .

13. The article of claim 12, wherein the monomer is 1-
cyclohexyl-3-methacryloxyethyl carbaﬁate. '

14. The article of claim 12, wherein the monomer is 1-
cyclohexyl—-3-methacryloxyethyl urea.

15. A monomer selected from compounds of the general

formula:
] i o "
Axe = NH-R'-NH'C"X—R —X-C 4+ p — NH-R'-NH-C-X-A
wherein:
This.is the replacement sheet
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nethacryloxyet nmononmer of claimb5,
1- cycl ohexyl - j!IHu ﬂt urea 8. A shaped article which is
f or med of the duct of e2IFxture COMprisSing .. .« e ()

a nononer selected fron1conpounds of the gehgtal® annulé . e .'“.."
0. [err] vheteili. *.. ‘..' ...A is*an’
ethylenically unS%i%hakeuSpGHQQDGBéehtby an ethylenically unsatupatedX is

i ndependent Iyo1hePizdbhe radical of Rthé fofmaPyal ent radical having 5 to
30 carbon atonms sel ected_gromthe group consisting of branched

al kyl, optionally substﬁtuteﬁ cycloalkyg optionally
R™=CH=C-(CH2)w—(R") x~ (Ar)y-(CH2) z ~= ;

each X is independently -0O- or -NH-;

each R' is independently a divalent radical having 5 to
30 carbon atoms selected from the group consisting of
branched alkylene, optionally substituted cycloalkylene,
optionally substituted alkylene-cycloalkylene, optionally
substituted arylene, and optionally substituted alkylene-

arylene;
each R? is independently a divalent organic radical;
.- p is 1 or 2;

R> is selected from the group consisting of hydrogen,

an alkyl radical having 1 to 6 carbon atoms, and an RY-v-co-
radical wherein Ré-is an alkyl radical having 1 to 12 carbon

atoms and Y is -0-, -S-, or -NH-;
5

R™ is selected from the groﬁp consiéting of -coe-, -
0CO-, —-CONH-, -NHCO-, -0CO0O-, -NHCOO-~ and —-OCO-NH-;
R6 is selected from the group con51st1ng of hydrogen
and methyl:;
Ar is an aromatic radlcal having 6 to 12 carbon atoms;
w is 0 or an integer of 1 to 6;
x is 0 or 1;
y is 0 or 1; and
.' - z is 0 or an integer of 1 to 10.
16. A monomer of claim 15, wherein each X is -NH-.
17. A monomer of claim 15, wherein each X is -0-.

18. A monomer of claim 17, wherein each R? is a
divalent alkylene ether radical. .

19. A monomer of claim 18, wherein each R' is Cg~Cjp
alkylene-cycloalkylene substituted with C3-Cg alkyl.

20. A monomer of claim 15, wherein each A is a radical
of the formula:
. R

cnz=é:-coo- (CH2) z—

6

This is the replacement sheoet
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{—ubstltuted aIkyIc cloalﬁmljmbptlonally substltuted aryl, and
optionally substltE H % each R is independently a
H" "Iﬁ Hu”m car bo?lzatoms- s,el geted* fromtie group*

ldlvalent r adi cal
i consi St| I’lg - ' .O. . Qf brﬁmhed see

o eneComi vty suveiiipgte o0 eyl ge ot dpcoral i S e
optional ly sﬁbetgtutpdcahhybtmngaoﬁkenes-cs cycloalkyth €srC§ cgcloalkyl
-EndepgndentIgugsgi¥a£gatw9£ﬂae Ceg a1k§fd'ca| and pisO0,. 1or
Cg—Ci12 alkylcycloalkyl; Cg-Ci2 alkylcycloalkyl substltuted
with C3-Cg alkyl; Cg-Cig aryl:
Cg—-C10 aryl substituted with Cl-Cs alkyl; C7-C12 alkylaryl;
and Cs-Cjyg branched alkyl.

22. A monomer of claim 21, wherein each A is 2- _
ethylmethacrylate and each R' is the hydrocarbyl residue of
isophorone diisocyanate.' | _

'~ 23. A monomer of claim 22, wherein p is 2 and each R2
is = (CH2CH20CH;CHp) -.
o 24. A shaped article which is formed of the
polymerization product of a mixture comprising:
(a) a monomer selected from compounds of the
general formula:

L i ;
f\ i !
A-X-C \.-NH—R'-NH-C—X-RZ-X-C' P - NH-R'-NH-C-X-A

wherein: | )
each A is independently an ethylenically
unsaturated polymerizable radical;
each X is independently -0- or -NH-;
each R!' is ihdependently a divalent radical having
5 to 30 carbon atoms selected from the group consisting
‘. ~ of branched alkylene, optionally substituted .
cycloalkylene, optionally substituted alkylene-~
cycloalkylene, optionally substituted arylene, and
optionally substituted alkylene-arylene;
each R® is independently a divalent organic
radical; and
p is 0, 1 or 2; and _
(p) a hydrophilic monomer,
and wherein the article is optically clear and shaped.
. as a contact lens.

-”m : This is the ‘r‘e;taggmi‘ztg _;shoet
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(b%-aihydropﬁ'l ¢ nonomer,  and wherein the article is optically clear

e orspere o MTMMIIANE S: osot nfase naenr . . Cho’" Ghe o tasecor
claim 8, wherein tthethylrobhili c nononmer includes,at | &8st obelntnhet,. 2 ..

stlected fromthe group consisting of ethylenicd |y ubsaturatad garbqoiyti.e
‘aci ds, (et h)acry2s%¢ smhetshaped artmhbésofvchgiml2¢tanherend tleyl am des.

11. The aftlﬁiﬁiﬁg ck C§98%§§£Stge %g?éfgﬁh gyggggger is selected

fromthe group consi's |ng roxye N-vi nyl
pyrroli done, N, P?Gdldﬂhﬁyshap9ﬂaﬂrﬁéc aann¢¥§&me%4th8he§¢ln the 12. The

article of glgd Vﬁhﬂ@érﬁbﬁoﬁaf EHEQHEés'étSSLSQEGSnérﬁ&B@FDQQﬂQ&Q& the

general formil a wherein . he article_of claim12, _wherein
the nonomer oM. t’é?cgﬁﬁ’éRyFQBSPrﬁFhﬁErW oﬁ*;‘r%ﬂ%lea%&rﬂé{l%aturate% The

article of %ﬂmﬁﬁneﬁhﬁwa t hiRetRY2BEY1i6 dubstituted alcohols, vinyl
cycl ohexyl - nﬁggggryIOéy Qyiagigas.

27. The shaped article of claim 26, wherein the
hydrophilic monomer is selected from the group consisting of
2-hydroxyethyl methacrylate, N-vinyl pyrrolidone, N,N-
dimethylacrylamide, and mixtures thereof.

28. The shaped article of claim 24, wherein the

. monomer is a compound of the general formula wherein p is 1
or 2. _

29. The shaped article of claim 24, wherein the
monomer is a compbund of the general formula wherein each X
is -0O-.

30. The shaped article of claim 24, wherein the
monomer is a compound of the general formula wherein each A
is a radical of the formula: '

RG
R3-Chi=C- (CHz) = (R%) x~ (AT) y=(CHa2) 7 =

wherein:
‘. ' R3‘is selected from the group consisting of hydrogen,
an alkyl radical having 1 to 6 carbon atoms, and an RA-Y-CO-

radical wherein R4 is an alkyl radical having 1 to 12 carbon

atoms and ¥ is -0-, -S-, or -NH-;

R® is selected from the group consisting of -coo-, -
0CO-, —-CONH-, -NHCO-, -0CO00-, -NHCOO- and -OCO-NH-;

R6 is selected from the group consisting of hydrogen
and methyl;

Ar is an aromatic radical having 6 to 12 carbon atoms;

w is 0 or an integer of 1 to 6;

X is 0 or 1;
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. 'A_nmononer sel'ect ed fron1conpounds of the general fornula: [err]
h A is.independe l ally unsaturated pol ynerizabl e radi cal
t he fornmul a: ﬂ l“l m"m ﬂ”m eac‘hl Xis | ndependent I y 0. or -NH;

* [ L M s * * we

.. .0 e

* o ¢ Q ..l - @
* - [ ) L] L] L]
L] i J eote oe o0 e e L X2

y is 0.or 1; and
z is 0 or an integer of 1 to 10.
31. The shaped article of claim 30, wherein each A is
a radical of the formula:
RS |
cnz-é-coo- (cuz) z=
32. The shaped article of claim 24, wherein the
‘monomer is a compound of the general formula wherein R is
selected from the group consisﬁing of: Cg-Cg cycloalkyl;
Cs~Cg cycloalkyl substituted with C3-Cg alkyl; Cg-Cj2-
alkylcycloalkyl; Cg-Ci2 alkylcycloalkyl substituted with C3-
_ Ce alkyl; Cg-C10 aryl: Cg-Cip aryl substituted with
" - C1~Cg alkyl C7-C12 alkylaryl; and C5-Ci0 branched alkyl.
33. The shaped article of claim 24, wherein the
monomer is a compound of the general formula wherein each R
is a divalent alkylene ether radical.
34. The shaped article of claim 24, wherein the
monomer is a compound of the general formula wherein each A
is 2-ethylmethacrylate and each R' is the hydrocarbyl
residue of isophorone diisocyanate.
35. The shaped article of claim 34, wherein the
monomer 1s a compound of the general formula wherein p is 2
and each R is -(CHZCHZOCHZCHZ)-f

This is the replacement sheet
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: REFL < K Si "\.r..
each R is independently a divalent radical ha |ﬂd3f$uu;mm0 p}@é@%

sel ected fromthe group consisting of branched AGlhier(s), o Qpayl
substituted cycl oal kyl ene, optionally substit ddl Dahwiriggy) g """
optional ly substituted arylene, and optionall §hwﬂtu&ﬂted ----
aryl ene; each [err] is independently7-=a dijval ent organ radr Pﬁﬁd -----
pis 1 or 2 [err] is selected fromthe ‘

an al kyl radical having 1 to 6 carbon atons, . !
wherein [err] is an al kyl radical having 1 to 12 carbon at ons and Yis -0,

-S-, or -NH-S g ﬁﬁefberrfdd'éléseé ot C%fﬁ&é(}?ﬂ%ﬂé%&d%ﬁ%shkag of -COO-, -

OCO- CCNH- [err] is selected
from t he groupe Qggl fydragengnd et hyl; Ar is an aromatic
radi cal havrng to 2 car on at ons; wis O or an integer of 1 to 6;
x is 0 or 1, y is 0 or 1, and zis 0 or an integer of 1 to 10.
R6
CH2=C-C00~ (CH3) y— (IV)

where z is as previously defined.

The monomers of formula (I) are especially useful
for increasing tear strength of hydrogel copolymeric
contact lens materials. | |

A second prefefred class of monamers include the
difunctional monomers of formula (II), described above,
containing two ethylenically unsaturated polymerizable
radicals. Preferred monomers include urethane
derivatives wherein each X in formula (II) is -0-, and
urea derivatives wherein each X is ~NH—..

The A radicals in formula (II), ﬁhich may the same
or different, are preferably a radical chosen from
those represented by formula (IXIXI), more preferably, a
radical chosen from those represented by formula (iV).

In formula (II), R' represents a relatively
“bulky" divalent radical. Reﬁresentative radicals for
R!' include those discussed above. RZ2 .in formula (II)
is a divalent organic radical, as discussed for formula
(I) compounds.

This latter class of monomers are especially
useful for increasing modulus of the copolymer, sincer

This is the replacement sheet
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16. A nononer of claim 15, wherein each X is -NH. 17. A nononer of
claim 15, wherein each Xis -0-. 18. A nnnoner.EEQEL§L31;1+_mhe#erﬂ
each [err] is a divalent alkylene ether radical A nmononer
claim18, wherein each R is [err] al kyrd8e-cycl oal kyl ﬁmmmmaﬂl\\lm th
[err] al kyl. 20. A nmononer of claim 15, wherein e%ﬂﬂﬂ“ﬂ“
the fornul a: . [err] '

: I Claim:

1. A monomer selected from compounds of the general
formula:

o
o

Q‘—‘.

a-x-€ L m-rw-bx-r?-x-& + p — ME-R
wherein:
A is an ethylenically unsaturated polymerizable radical
of the formula:
R
RP~chi=t- (Cliz) - (R%) g~ (AT)y~(CH2) g — 1
each X is independently -O0- or NH-;

6

R is a monovalent radical selected from the group
consisting of Cs-Cg cycloalkyl; Cs—Cg cycloalkyl substituted
with C3—-Cg alkyl; Cg-Ciz-alkylcycloalkyl; Cg-Ci2
alkylcycloalkyl substituted with C3-Cg alkyl; Cg-Cio aryl;
Ce—-Cio aryl substituted with Cc3~Cg alkyl; Cy-Ciz alkylaryl;
and Cs-Cjyo branched alkyl;

each R' is independently a divalent radical having 5 to
30 carbon atoms selected from the group consisting of
branched alkylene, optionally substituted cycloalkylene,
optionally substituted alkylene-cycloalkylene, optionally
substituted arylene, and optionally substituted alkylene-
arylene;

each R? is independently a divalent organic radical;

p is 0, 1 or 2;

R> is selected from the group consisting of hydrogen,
an alkyl radical having 1 to 6 carbon atoms, and an R4—Y—CO-
radical wherein R4 is an alkyl radical having 1 to 12 carbon
atoms and Y is -0-, -S~, or -NH-;

R5 is selected from the group consisting of -C00-, -
0CO-, -CONH-, ~-NHCO-, -0CO0-, -NHCOO- and -OCO-NH-;

R® is selected from the group consisting of hydrogen

‘and methyl; |
This is the replacemsant sheet
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21. A nonomer of claim 15, wherein Ris selected fromthe—group consisting
of. [err] cycloalkyl; [err] cycloal kyl substituted wt l; [err]
al kyl cycl oal kyl; [err] al kyl cycl oal kyl substitut ed&l\‘ﬁ“ﬂ%mﬁ ‘ [err]
aryl; [err] aryl substituted with [err] a¥@rnt; Cz7- I yls and [err]
br.anched al kyl . 22. A nmononer of .claim 21, wherein each Ais 2-

et hyl met hacryl ate and, each R is the hydrocarby| residue of isophorone
di i socyanat e. Ands pppabeertie xadical havdng & it 12 caxben akdmgerr]

IS [err] 24. A shapegh-agh | fﬁ@eé’@%’f iss fprged of the polynerization
product of a m xture, conpri sing: (es) a nononer selected from
conpounds of the X 1fdhe®®l1fornul a: [err]

Y is 0 or 1; and -
z is 0 or an integer of 1 to 10.
2. A monomer of claim 1, wherein each X is -0-.
3. A monomer of claim 1, wherein each X is -NH-.
4. A monomer of claim 1, wherein A is a radical of
the formula:
RG
CH2=é—coo-(CH2)z-—-
5. A monomer of claim 1, wherein p is 0.
6. A monomer of claim 5, l-cyclohexyl-3-
methacryloxyeth‘yi carbanmate.
7. A monomer of claim 5, l-cyclohexyl-3-
methacryloxyethyl urea. _
8. A shaped article which is formed of the
polym_eriiation product of a mixture comprising:
(a) a monomer selected from compounds of the
general formula:

0 ' 0 0
I / oo
A-X-C NH-R!~NH-C~-X-R"=X~-C NH-R
—i A
wherein: o

A is an ethylenically unsaturated polymerizable
radical; _

each X is independently -0- or NH-;

R is a monovalent radical having 5 to 30 carbon
atoms selected from the group consisting of branched
alkyl, optionally substituted cycloalkyl, optionally
substituted alkylcycloalkyl, optionally substituted.
aryl, and optionally substituted alkylaryl;

each R' is independently a divalent radical having
5 to 30 carbon atoms selected from the group consisting

This is the replacement sheet
2 6 MAY 1998
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mheré}n: each A is independently an ethyLenLcaLLy_____unsaLurated

pol yneri zabl e radical; each X is independentl or

each R is independently a dival ent radical having M!Miumjwlju”ﬂl on
atonms selected fromthe group consisting-2p- of br

optional |y substituted cycl oal kyl ene, optionally substi t ut ed alkylene-
cycl oal kyl ene, optionally substituted aryl ene, and optionally '

"~ substituted alkyloﬂebaanbhhd alkylene, o6ptliohally substdidnbedent|y a -
((jlb;/a;eg;/d?ggﬁlnj |Cc %?18ﬁ,ifcyiene, Bﬁﬁlﬁﬂﬁ}ynsgﬁﬁéégﬁta‘g q]§<y 3 €Cal Iy clear
and shaped asyaleoablkglenkgneptionally substituted arylene, and
optionally substituted alkylene-arylene;
each RZ is independently a divalent organic
radical; and
p is 0, 1 or 2, and
(b) a hydrophilic monomer,

and wherein the article is optically clear and shaped

as a contact lens. |

9. ' The article of claim 8, wherein the mixture
further comprises a crosslinking agent.

10. The article of claim 8, wherein the hydrophilic -
monomer includes at least one member selected from the group
consisting of ethylenically unsaturated carboxylic acids,.
(meth)acrylic substituted alcohols, vinyl lactams, and
acrylamides.

11. The article of clalm 10, wherein the hydrophilic
monomer is selected from the group consisting of 2-
hydroxyethyl'methaCrylate,TN-vinyl pyrrolidone, N,N-
.dimethylacrylamide, and mixtures thereof.

12. The article of claim 8, wherein the monomer is
selected from compounds cf the general formula wherein p is
0. o

13. The article of claim 12, wherein the monomer is 1-
cyclohexyl-3-methacryloxyethyl carbamate.

14. The article of claim 12, wherein the monomer is 1-
cyclohexyl-3-methacryloxyethyl urea.

15. A monomer selected from compounds of the general

formula:
O 0 o] 0
f 1 2 _ f
A-X~C —|-NH-R'-NH-C-X-R"-X-C p —— NA-R'-NH-C-X-A
wherein: - _ This is the replacement sheet
2 6 MAY 1338
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-'2' 3- 25. The shaped article of clai m24 whereinm the m—xfﬂfe

further conprises a crosslinking agent . Jm
claim 24, wherein the hydrophilic monomgp,il ncI ude m’ Eﬁi ”an " Eb _
sel ected fromthe group consisting of ethylenically ussaturat

acids, (nethyacrylic substituted alcohols, vinyl" lactans, and acrylam des

27. The shaped I8 Gfs Gl n te?‘?[

sel ected from tﬂéeégﬁ q'csoﬁ'w S |e%'geo?ﬁ§r %l)r/ldro 89?‘ acr%%&e@"rﬁé Vi nyl
pyrrol i donRONMeT dFM er@&%ﬁad-rm(iethmdomﬂm.es thereof 28. The
shaped article of claim24, gferein the nononmer is a conmpound of the
general formula whereig p is 1 or 2. 29. The shaped article of claim

24, wheréin the nonon®r 1Cs§i—é3‘d@lﬂpdwd30ﬂxt‘ﬂé1§)w@ﬂ2iﬁrﬁ'&| a wherein each X
is -0-. each X is independently -0- or —NH-;

each R' is independently a divalent radical having 5 to
30 carbon atoms selected from the group consisting of |
branched alkylene, optionally substituted cycloaikylene,
optionally substituted alkylene-cycloalkylene, optionally
substituted arylene, and optionally substituted alkylene-
arylene, _

each R? is independently a divalent organic radical;

p is 1 or 2;

R> is selected from the group consisting of hydrogen,
an aikyl radical having 1 to 6 carbon atoms, and an R%-y-co-
radical wherein R? is an alkyl radical having 1 to 12 carbon
atoms and ¥ is -0-, -S-, or -NH-; |

R® is selected from the group consisting of -C00-, -
0CO-, —CONH-, =-NHCO-, -0C00-, -NHCOO- and —0CO-NH-;

RS- is selected from the group consisting of hydrogen

and methyl; |

Ar is an aromatic radical having 6 to 12 carbon atoms;

W is 0 or an integer of 1 to 6;
'x is 0 or 1;

y is 0 or 1; and .

Zz is 0 or an integer of 1 to 10.

16. A monomer of claim 15, wherein each X is ~-NH-.
17. A monomer of claim 15, wherein each X is -0-.

18. A monomer of claim 17, wherein each R? is a
divalent alkylene ether radical.
19. A monomer of claim 18, wherein each R! is Cg~Cy2
alkylene-cycloalkylene substituted with C3-Cg alkyl.
' 20. A monomer of claim 15, wherein each A is a radical
of the formula: '
R6

I .
CH2=C-CO0~(CH2) z- This is the replacement sheet
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30 The shaped article of cIa|n124 wherei n the nononer is-a—eefpound

t he general fornula wherein each-A is a radical of the f or mul

[err] wher ei n: R3 is selected fromthe group cﬁnm “‘“ @ﬂ‘\l ‘ogen
an, al kyl radical having 1 to 6 carbon a , and an |ca
wherein [err] is an alkyl radical haV|nd§ to 12 carbbn atons and Y |s -0-,
-S, or -NH; [err] is selected.fromthe group consisting of -

?E?rﬁthgo;mhp ggn's s%llﬁanB?éﬁyﬁgcﬁ)ﬁl’&%mc‘%Felh R /&Ig s‘?&gﬁ}c fig%ﬁfe’f%tced
radi cal hagheg drdup I2onsisbingt 665, C5-Cyv cpcDoalkyl ;i WseGer cgtlbaliy;
X 1s 0 or L pstituted with c1-Cg alkyl;
Cg—Ci2 alkylcycloalkyl; Cg-Ci2 alkylcycloalkyl substituted
with C3-Cg alkyl; Cg-Cig aryl;
Ce—Ci10 aryl substituted w1th C1-Cg alkyl; C7-Ci2 alkylaryl,
and Cs5-C3p branched alkyl.

22. A monomer of claim'21, wherein each A is 2-
ethylmethacrylate and each R' is the hydrocarbyl residue of
isophorone diisocyanate.

23. A monomer of claim 22, wherein p is 2 and each R
is = (CH2CH20CHZCHp)~. '

24. A shaped article which is formed of the
polymerization product of a mixture comprising:

(a) a monomer selected from compounds of the
general formula:

e [ T S
- A-X-C L ~NH-R'-NH-C=X-R“~X~C =~ p —= NH-R'-NH-C-X-A
wherein:
each A is 1ndependently an ethylenically
unsaturated polymerizable radical;
each X is independently -0- oxr -NH-;
each R' is independently a divalent radical having
5 to 30 carbon atoms selected from the group consisting
of branched alkylene, optionally substituted
cycloalkylene, optionally substituted alkylene-
cycloalkylene, optionally substituted arylene, and
optionally substituted alkylene-arylene;
each R® is independently a divalent organic
~radical; and
p is 0, 1 or 2; and
(v) a hydrophilic monomer,
and wherein the article is optically clear and shaped

as a contact lens. This is the replacement sheet
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yfi§'0 or 1; and zis 0 or an integer of 1 to 10. 31. The shaped

article of claim 30, wherein each Ais a radical of .
[err] 32. The shaped article of cl.ajm 24, m%&“\“‘ﬁ‘mm\m\ is a

conmpound of the general fornula wherein I's sel ect crom the Yrdup
consisting of: [err] cycloalkyl; [err] cycloal kyl substituted with [err]
al kyl; [err] '

25. The shaped article of claim 24, wherein the
mixture further éc’:iixprises a crosslinking agent.

26. The shéi‘jed article of claim 24, wherein the
hydrophilic monomer includes at least one member selected .
from the group consisting of ethylenically unsaturated
carboxylic acids; (neth)acrylic substituted alcohols, vinyl
lactams, and acrylanides.

27. The shaped article of claim 26, wherein the
hydrophilic monomer is selected from the group consisting of
2-~-hydroxyethyl methacrylate, N-vinyl pyrrolidone, N,N-
dimethylacrylamide, and mixtures thereof.

28. The shaped article of claim 24, wherein the
monomer is a compound of the general formula wherein p is 1
or 2.

29. The shaped article of claim 24, wherein the
monomer is-a compound of the general formula wherein each X
is -0-. _

30. The shaped article of claim 24, wherein the
monomer is a compound of the general formula wherein each A
is a radical of the formula:

R6
RB"CH'—'cl:"(CHZ)W"(RS)X". (Ar)y-(CH2)z -

wherein:

R® is selected from the group consisting of hydrogen,"
an alkyl radical having 1 to 6 carbon atoms, and an r*-y-co-
radical wherein R4 is an alkyl radical having 1 to 12 carbon
atoms and Y is -0-, -S-, or -NH-;

R® is selected from the group consisting of -C00~-, -
0CO-, —-CONH-, -NHCO-, -0CO0-, -NHCOO- and -OCO-NH-;

R® is selected from the group consisting of hydrogen
and methyl;

Ar is an aromatic radical having 6 to 12 carbon étoms;

w is 0 or an integer of 1 to 6;

X 1s 0 or 1; This is the replacement sheet
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al Kyl cycl oal kyl : CB-C12 al kyl cycl oal kyl substituted with [err] alkyl: [err]

aryl; [err] aryl substituted with [err] alkyl; [err; yraryl; and [err]
branched al kyl . 33. The shaped article of clai [ lu“m
nononer is a conpound of the general fornula wher e| I‘ “m]““

di.val ent al kyl ene et her radical. 34._ The shape dcle Bf ¥l adi m 24,

wherein the nononer is a conpound of the %kneral fornula wherein each Ais

2-ethyl nethacryl ate and each R is the hydrocarbyl residue of isophorone

di i socyanat e. y iS850 opeishapad article of clain134, wherein the nonomner

I's a conpound of_the general fo nmul a m@ere£ f Is 2 and each [err] is [err]
z 1S (o) o 10.

O% an int eger

31. The shaped article of claim 30, wherein each A is
a radical of the formula:

RS .
CH2=(I2-C00- (CH2) z-

32. The shaped article of claim 24, wherein the
monomer is a compound of the general formula wherein R is
selected from the group consisting of: Cg-Cg cycloalkyl;
Cs-Ce cycloalkyl substituted with C3-Cg alkyl: Cg-Cja-
alkylcycloalkyl; Cs~c12'alkylcyclbalky1 substituted with C;-
Cg alkyl; Ce-Ci0 aryl; Cg-Cyp aryl substituted with
C1-Ce alkyl; C7-Cyz alkylaryl; and Cs-Cjp branched alkyl.

33. The shaped article of claim é4, wherein the
monomer is a compound of the general formula wherein each RZ
is a divalent alkylene ether radical.

34. The shaped article of claim 24, wherein the
monomer is a compound of the general formula wherein each 2
is 2-ethylmethacrylate and each R' is the hydrocarbyl
residue of isophorone diisocyanate.

35. The shaped article of claim 34, wherein the
monomer is a compound of the general formula wherein p is 2
and each R? is - (CH2CH,0CHCHY) -,

This is the replacement sheet
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