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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
formulations (U.S. Patent No. 5,006,622).. A
characteristic feature of such strengthening agents is
;hat they are bulky and arxe sometimes difficult to

synthesize.

SUMMARY OF THE INVENTION

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

(X):

0 o - S VU
- I 1. 1 .
(I) A~X~— NH~R " =NH=-C=X=-R“—X=~ p——NH-R

____;~____‘__~____;
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wherein:

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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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,

DETAILED DESCR ION PREFERRED EMBOD s

In a first aspect, the invention relates to

monomers selécted’ from compounds of formula (I)

described above. Preferred monomers include urethane

-
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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-Cg 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’ represents a relatively “bulky" divalent
radical. Representative radicals for R include
divalent radicals.haviné 5 to 30 carbon atoms,

including: branched alkylene, such as neopéntylene:
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optionally substituted cycloalkylene, such as 1,3-.
cyclopengylene, 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 «,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~ _
pheny}enediamine, 1,6—hexamethylenediamine and 1,4~
cyclohexyldiamine. Representative dihydroxyl compounds .
include neopentyl glycol, 1,2-ethanediol, i,é~
hexanediol, triethYleneglycoll bisphenol A, 1,4-
.cyclohexanedimetganol, 1,2-propanediol, and
2,2,3,3,4,4-hexafluoropentane-1,S-diol. According;y,
ﬁreferred R2 radicals ihcluge C1~C1g alkylene, C1-Cjyg

haloaIkyléne such as C3-Cip fluoroalkylene, Cy-Cig
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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 the group consisting of -CO0-

~0CO-, -CONH-, -NHCO-, -0CO0-, ~NHCOO- and -OCO-NH-;
RS is selected from the group consisting of
hydrogen and methyl;
Ar is an aromatic radicél having 6 to 12 carbon
atons;y

w is 0 or an integef of 1 to 6;

y is,

0

x is 0 or 1;
0 or 1; and
0

z is 0 or an integer of 1 to 10.

—_—
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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 copolymer, since,
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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 availablé or that can
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.

o)
i

A«OH + = OCN-R —— A-O-C~NH-R
(

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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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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A hydrogel is a hydrated cross~linked polymeric
system that contains water in an equilibrium'state
prepared by polymerizing a monomeric mixture contéining
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 fuhctionalities),
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 unsaturated carboxylic acids, such as
methacrylic acig ahd acrylic acid:; (meth)acrylic
substituted alcohéls, such as 2-hydroxyethyl
methacrylate and 2-hydroxyeth§l acrylate:; vihyl'.
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 substitution. Thus, terms
sugh as "&meth)acrylate“ dénote acrylate radicals and
'methacrylate ragdicals.) 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.
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di(meth)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:

CH3

9 0
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 Sheg; H:

b i



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.
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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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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, lH),'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:

O 0
fi I

i il
A-OC——NH-R'-NHCO~ (CH;CH;0) 5—C~| 5 =NH-R ! -NHCO~A
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BYAMPLES 4-9

The mixtures listed in Téble 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
wvere then measured. The amounts listed in Table 1 are
parts by wéiéht. Tt is noted that the Control (C1)

included no monomer of the present invention.

TABLE 1
. Example No. .
Component Cl 4 5 6 7 8 9
HEMA 58 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 MA - - - - L3 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

EX3MPLE 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.

This Sheet Has Been RT

[




TABLE 2
Example c2 10
Formulation:
HEMA 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

EXAMPLES 11-12

The mixtures listed in Table 3 were cast into

copolymeric hydrogel films following the procedure of

Example 4.

of the present invention.

Formulations €3 and €4 included no monomer

TABLE 3
Component c3 i1 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 a3
Modulus 30- . 45 55 30

* éompound of Example 1

*%

Compound of Example 2
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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:
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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-.
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4. A monocmer of claim 1, wherein A is a radical

of the formula:

.Rs
R3=CH=C- (CHz )y~ (R®) y— (Ar) y~ (CH3) ;—

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) ——
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6. A monomer of claim 1, wherein R is selected
from the group consisting of: Cg-Cg cyéloalkyl: Cs-Cg
cycloalkyl substituted'with Cy1-Cg alkyl: Cg—=Cjyaz=~
alkylcycloalkyl:; Cg-Ciz alkylcycloalkyl substituted
with €3-Cg alkyl: Cg-Cyg aryl: Cg-Cio aryl substituted
with C3-Cg alkyl; C9-C3p alkylaiyl: and Cg=Cjq branched
alkyl. . | | |

7. A monorer of claim 1, wherein p is.o.

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 afticle which is formed of the
polymerization product of a mixture Comprising:

{a) a monomer se;ected from compounds of the

general formula:

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

vherein: _
A is an ethylenically unsaturated polymerizable
radical; '

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

—_—

—_—
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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.
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15. .The article ‘of clain 14, wherein the
hydrophilic monomer is selected from the group
consisting of 2-hydroxyethyl methacrylate, N-vinyl
pyrrolidone, N,N-dimethylacrylamide, and mixtures
thereof. o

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 . 0 0 o
i i u
(II)  A-X-C—}—NH-R'-NH-G-X-RZ-¥-C—| ;—NH-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 consisiing

- of branched alkylene, optionally substituted.
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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 monomer 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
monom.er.

26. The article of claim 25, which is optically

Clear and shaped as a contact lens.
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