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BURFACE~ACTIVE MACROMONOMERS

BACRGROUND QF T I NTIO

The present invention is directed to materials
useful for modifying the surfaces of solid materjals
and more particularly to polymerizable surfactants.

Surface structure and compeosition determine
many of the physical properties and ultimate uses of
solid materials. Characteriatics such as wetting,
friction, electrestatic charging, and adhesion are
largely influenced by surface characteristics. of
particular concern are the effects of such surface
characteristics on biscompatibility. The alteration
of surface characteristics is therefore of special
significance in biotechnical applications. Impfoved
methods are accordingly sought for modifying solid
surfaces, particularly the surfaces of polymeric
objects.

Random, grafted, pelymerized surfactants have
been used to modify the surfaces of hydrophobic
polymers by the adsorption of the surfactant onto
the surfaces of polymeric cobjects from an agueocus

dispersien. ILee, J. H., Intevactions of PEO=
Containin o anta Wi ic

surfaces, The University of Utah (1988) (hereinafter
"Lee'), ILee-~particularly concerned with reducing
the absorption of blogd plasma proteins eon
hydrephobic surfaces--teaches the synthesis of
polymeric surfactants by random free radical
copolymerization of a hydraphobic methacrylate
(hexyl methacrylate or lauryl methacrylate)}, a

)



hydrophilic methacrylate (polyethylene oxide
methacrylate), and methyl methacrylate.

Akxashi, M., et al., "Graft Copolymers Having )
Hydrophobic Backbone and Hydrophilic Branches., IV. A
Copolymerization Study of Water-Soluble
Oligovinylpyrrolidene Macromonomers," J. Polvmer
Bci.: Part 3: Polvmer Chemjistyy, Vol. 27, pp. 3521~
3530 (1989) (hereinafter “Akashi") teaches
amphiphiles prepared by random free radical
copalymerization of carboxyl group-terminated
eligovinylpyrrolidone with methyl methacrylate or
styrene. Syntheses of vinyléhenyl-terminated and
methacryloyl-terminated oligovinylpyrrolidone
macromonomers are described.

Polymerizable surfactants have been used to
modify the properties of pelymers in agueous
solution. For example, Schulz, et al,, "Copolymers
of Acrylamide and Surfactant Macromonomers:
synthesis and Solution Properties," Polymer, Vel.
28, pp. 2110-2115 (Nov., 1987) (hereinafter “Schulz")
describes wmacromonomer surfactants wherein the
surfactant character is achieved by the addition of
a small hydrophobic functionality (e.g.,
nonylphenol) to a water-soluble polyethylene oxide
chain. Related materials and methods are disclosed
in U,.S$. Patent 4,075,411,

Polymerizable surfactants have also baen used
to modify the surface properties of seolids. One
class of materials used for this purpeosa are lipids
(non=-polymeric materials) which are rendered
polymerizable by the additicn of various
functionalities such as methacrylate groups



{Ringsdorf, H., et al., "“Hydrophilic Spacer Groups
in Polymerizable Lipids: Formatien of Biomembrane
Models form Bulk Polymerized Lipids,» J. Am. Chem.
oe., Vol. 107, pp. 4134~414) (1985)) and various
vinyl groups [Ringsderf, H., et al., “Saturated and
Polymerizable Amphiphiles with Fluorocarbon Chains.
Investigation in Monolayers and Liposomes," J, Am.
Chem. Soc., Vol. 106, pp. 7687-76%2 (1984)). These
polymerizable lipid surfactants have been used to
prepare liposomes used in the formation and
stabilization of biomembrans models {often raferred
to as polymeric liposomes).

Pelyfunctional pelymerizable surfactants have
algo been used in ceatings to modify the surface
properties of polymeric objects. Europ=an Patent
Publication Ne. 153,133 (hereinafter "Regen").
Preferred polymerizable surfactants taught by Regen
are polyfunctional lipids. Regen teaches that
monofunctional polymerizable surfactants are
. ineffective for modifyinq surfaces of polymeric
objects. Other polyfunctional polymerizable
surfactants are disclosed in U.S. Patent No.
3,541,138.

An object of Regen was to ovarcome the
limitations of Langmuir-Blodgett processes,
especially when applied to more complex surface
topographies. Polymerizable surfactants have of
course been employed in langmuir-Blodgett f£ilms.
These multilayer surfactant assemblies are exploited
in micrelithograpliy and other opto-electronic
systema. Fendler, J.H., "Polymerized Monolayers
from a Styrene Functionalized Surfactant," Colloids
and surfaces, Vol. 35, pp. 343-351 (1989).



Contact lenses are conventionally produced by
one of three general techniques--lathing, static
casting, and gpin casting. Cembinations are also
knewn. For example, semi-finished buttons (having
one final lens surface) may be formed by static or
spin casting and the second lens surface may be
produced by lathing. Static and spin ¢asting have
the advantage of preducing lenses with fewer
procaessing steps than lathing. In either of the
molding technigques, the anterior and posterior
surfaces of the lens may be formed in one step.
statie casting does this by providing two mold
surfaces; spin casting does this hy providing a mold
surface to form the anterior surface and by using
the forces generated by spinning liquid mencmer to
form the posterior surface.

One of the challenges faced when producing
lenses by molding is achieving release of the lenses
from the molds without damaging the lens surfaces.
The phencmenon of lens adherence is a consegquence of
- ehemical interactions between mold surfaces and
monomer mixtures Aduring pplymerization. Among the
proposals to meet this challenge is U.5. Patent
4,534,916, which teaches adding (nonpolymerizable)
surfactants to the monomer mix. The'surfactant
addition is reported to improve the surface quality
of lenses by decreasing the humber of surface
dafects resulting from mcld release (especially of
¥erogel lenses).

The 916 patent seeks improved surface quality
by reducing lens damage during depolding. Others
have sought to improve surface guality more
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directly--by surface modifications. For example,
U.S. 4,546,123 teaches covalent attachment of
(nonpolymerizable) surfactant molecules to a
hydrogel lens surface.

The macromonomer technigue for preparing graft
copolymers of controlled architecture is well known.
Macromonomers Oor macromers are polymers of molecular
weight ranging from the hundreds to tens of
thousands, with one of the end groups functiohalized
to enter into further polymerization. Milkovich,
chiang and Schultz demonstrated the synthesis and
applications of a variety of macromers.
®. Milkovich, M.T. chiang, U.S. Patent No. 2,842,050
(1974) ; Schultz, G.0. and Milkovich, R., J. APD,
Polvm. Sc¢i., 27, 4773 (1982); Schultz, G¢. 0. &
Milkovich, R., . Polym. Sci. Polym. Chem. E4,, 22,
1633 (1984).

Yamashita, Y.7 55ynthesis and Application of
Fluorine containing Graftcopelymers," Po ull.,
5, 335-340 (1981); "Synthesis and Characterization
of Functional Graft Copolymers by Macromonomer
Technique®, 3. Appl. Polvm. Sci,, 36, 193-189
{1981); "Synthesis of N-Hydroxyethyl-N-
Methylmethacrylamide and Its Use in the Macromonomer
synthesis", J. Polym. Sci., Polym. Letters Ed., 19,
629-636 (1981); (hereinatfter "Yamashita") teaches a
methad of making macromers and the use of macromers
to make graft copolymers, Yamashita used free
radical polymerization in the presence of an
effective chain.transfer agent which controlled the
molecular weight of the final macromer and also
provided a functional end greup. Thioglycolic acid,
for example, is an effective chain transfer agent



which provides a carboxylic acid functional end
group. The end group can subseguently be reacted
with, e.g., glycidyl methacrylate to give a terminal
methacrylate polymerizable greup. Yamashita used
macromers of MMA to prepare graft copolymers of
fluoroalkyl acrylates with polyMMA .grafts.

vYamashita does not teach the synthasis of
polymerizable surfactants by the macromonomer
technigue.

B Y QF T BVENT

A new class of polymerizable surfactants has
now been found that modify the surface properties of
a polymeric object. The polymerizable surfactants
are novel surface active macromonomers described by
the formula:

' DC[AxBy]

wherein A is at least one ethylenically unsaturated
hydrophilic monomer, B is at least one ethylenically
unsaturated hydrophobic mwonomer, € is a functienal
chain transfer agent, D is an ethylenically
unsaturated end group, ¥y is within the range frem
about 0.1 ta about 0.9, and x + y = 1. In a
preferred embodiment, the polymeric object is a
contact lens.

A further aspect of this invention is a novel
class of random copolymers prepared by
copolymerizing at least one ethylenically
unsaturated hydrophobic monomer and at least cone
ethylenically unsaturated hydrophilic monomer in the
presence of a functional chain transfer agent.
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Preferred copolymers may be described by the
formula:

| ' ClAxBy]
wherein A is at least one ethylenically unsaturated
hydrophilic monomer, B is at least one ethylenically
- unsaturated hydrophobic meonomer, € is a functional
chain transfer agent, ¥y is within the range of about
0.1 to about 0.9, and ¥ + y = 1. These random-
. copolymers may be used to prepare the novel surface
active macromonomers of this invention by adding an
ethylenically unsaturated end group to the novel
random copolymers.

DETAILED DESCRIPTION OF THE INVENTION

Notations such as "(meth)acrylate" or
% (meth)acrylanide” are used herein to dencte
optional methyl substitution. fThus, methyl
{(meth)acrylate includes both methyl acrylate and-
methyl methacrylate and N-alkyl (meth)acrylamide
includes both N=alkyl acrylamide and N-alkyl
methacrylamide.

The novel random copelymers of this inventien
can be prepared by copolymerizing at least one
ethylenically unsaturated hydrophobic monomer and at
least one ethylenically unsaturated hydrophilic
monomer in the presence of a functional chain
transfer agent. Preferred copolymers may be
described by the formula:

ClAxBy)
wherein A is at least one ethylenically unsaturated
hydrophilic monomer, B is at least one ethylenically
unsaturated hydrophokic monomer, C is a funetional
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chain transfer ayent, y is within the range of about
0.1 to about 0.9, and x + y = 1.

Suitable ethylenically unsaturated hydrophilic
monomers ("A" in the above farmula) include
ethylenically unsaturated polyoxyalkylenes,
polyacrylamides, polyvinylpyrrolidones, polyvinyl
alcohols, poly (hydrexyethyl methacrylate) or poly
(HEMA) , and N-alkyl-N-vinyl acetamides. Ethylenic
unsaturation may be provided by (meth)acrylate,
(meth)acrylamide, styrenyl, alkenyl, vinyl earbonate
and vinyl carbamate groups. Preferred hydrophilic
macromonomers include methoxypolyoxyethylene
methacrylates of molecular weights from 200 to
10,000, moxe preferred are methoxypolyoxyethylene
mathacrylates of molecular weight range of 200 to
$,000 and most preferred are methoxypolyoxyethylene
nmethacrylates of molecular weight range of 400 to
5,000, Additional preferred hydrophilic
macromononers include poly-N-vinylpyrrolidone
methacrylates of molecular weights of 500 to 10,000,
More preferred are poly-N-vinylpyrrolidone
methacrylates of molecular weights of 500 to 5,000
and most preferred are poly-N-vinylpyrrolidone
methacrylates of molecular weights of 1000 to 5,000.
Other praferred hydrophilic macromonomers include
poly~N,N-dimethyl acrylamide methacrylates of
molecular weights of 500 to 10,000. More preferred
are poly-N,N-dimethyl acrylamide methacrylates of
molecular weights of 500 to 5,000 and most preferred
are poly=-N,N-dimethyl acrylamide methacrylates of
molecular weights of 1000 to 5,000,

suitable ethylenically unsaturated hydrophobic
monomers (YBY in the above formula) include alkyl
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{meth)acrylates, N-alkyl (meth)acrylamides, alkyl
vinylearbonates, alkyl vinylcarbamates, fluoroalkyl
(meth)acrylates, N-fluorsalkyl (meth)acrylamides, N-
fluoroalkyl vinylearbonates, N~fluoroalkyl
vinylcarbamates, silicone-containing
(meth)acrylates, (meth)acrylamides, vinyl
carbonates, vinyl carbamates, styrenic monomers
[selected from the group consisting of styrene,
alpha-methyl styrene, para-methyl styrene, para~-t-
butyl monochloro styrene, and para~t-hutyl dichlore
styrene] and polyoxypropylena (meth)acrylates.
Preferred hydrophobic monomers include methyl
methacrylate, dodecyl methacrylate, octafluoropentyl
methacrylate, perfluoreoctyl methaerylate,
methacryoyl oxypiopyi tris(trimethylsiloxy)silane
(TRIS).

The functional chain transfer agent ("C" in the
above formula) controls the molecular weight of the
copolymer and provides appropriate functionality for
subsefuent addition of a polymerizable group.
Suitable functional chain transfer agents include
mercapto carboxylic acids, mercapto alcohols (also
known as hydroxymercaptans), and aminomercaptans.
Preferrad chain transfer agents include thioglyeelic
acid, 2-mercaptoethancl and 2-aminoethane thiol.

The molar ratio of chain transfer agent to total
monomer ceontent used in the copaiymerizatiun is
preferably in the range of 0.01 to 3, more
preferably in the range of .02 to 2, and still more
preferably in the range of 0.05 to 1.

The novel surface active macromonomers of this
invention are described by the formula:

DC[AyEBy]
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wherein A, B, C, x and y are as described above and
D is an ethylenically unsaturated end group.

Selection of the ethylenically unsaturated end
group (D" in the above formula) is determined by
the functional group of the functional chain
transfer agent. For example, if the chain transfer
agent contains a carboxylic acid group, glycidyl
methacrylate can provide a methacrylate end group.
If the chain transfer agent contains hydroxy or
amino functionality, isocyanato ethyl methacrylate
or (methjacryloyl chloride can provide a
methacrylate end group and vinyl chlore formate can
provide a vinyl end group. A wide variety of
suitable combinations of ethylenically unsaturated
end groups and functional chain transfer agents will
be apparent to those skilled in the art. fThe
foregoing is intended to be illustrative, not
limiting.

Varying the ratio eof hydrophilic monomer to
hydrophobic meneomer changes the surface properties
of polywmeric objects made from the surface active
macromers. For example, when preparing contact
lenses containing c¢ertain surface active macromers
of this invention, it has been found that higher
amounts of hydrophilic component optimized mold
release characteristics of the lenses but that
optimum ¢linical performance was obtained with a
relatively lower amount of hydrephilic component.
Accordingly, the selection of a particular ratio
will be governmed by the particular surface
properties ultimately sought for the polymeric
object. Generally, however, ¥y is preferably in the
range from about 0.1 to about 0.8, more preferably

This Sheet Has Been Rei
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in the range from about 0.3 to about 0.9, and still
mere preferably in the range from about 0.5 to about
0.8.

The randem copolymers of this invention are
formed by & free radical mechanism uging a wide
variety of known free radical catalysts such as the
diacyl peroxides (¢.4., benzoyl peroxide); dialkyl
peroxides (e.g., di-tert-butyl peroxides): ketone
peroxides (e.g., methylethyl ketone peroxide); and
peresters which readily hydrolyze (e.g., tert-butyl
peracetate, tert-butyl perbenzoate, di-tert-butyl
diperpgthalate). A particularly useful class of
peroxy initiators are the organis hydroperoxides
such as cumens hydroperoxide, methylethyl ketone
hydroperoxide, tert~-butyl hydroperoxide, etc. The
initiators should be used at a concentratien of
about 0.01 to about 10 & by weight of the total
formulation, preferably about 0.1 to about 5 %.
Ancther class of initiators comprises carbonyl-
sontaining uwltraviolet-activated free radical
generators, such as acetophenone, bénzophenong, and
benzoin ethers. Other suitable UV initiators and
initiator mixtures will be apparent to one of
prdinary skill in the art.

Solvents can be used in the process. Solvent
echoice will depend upon the solubility parameters of
the comonomers used and should be chosen to allow
 full solubilization of all polymerizate components.
‘Preferred solvents include tetrahydrofuran, dioxane,
chloraform, dichloromethane, methanol and mixtures
of these solvents.
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The surface-active macromers of this invention
may be used to modify the surfaces of polymeric
objects in two ways. In the first, the surface-
active macromer is added to the monomer mix used to
form the polymeric object. In the second, the
polymeric object is immersed in an agueous
dispersion of the surface-active macromer, a cross-
linking agent, and a free radigal initiator and the
immersion is exposed to ultravielet light teo form a
permanent, cross-linked surface coating on the
object. Illustrations of these techniques are shown
in the Examples of this application.

The polymeric objects whose surfaces may he
modified by these techniques include polymers having
a wide variety of compositions and shapes.

Polymeric objects of particular concern in the
development of this invention were contact lenses
and the particular surface modification souwght was
to increase surface wettability without sacrificing
otherwise beneficial bulk preperties of the .
polymeric material (espacially oxygen permeability).
Although the utility of the macromonomers of this
invention will be further illustrated by referring
particularly to their incorporation into contact
lenses, it will be understood that the wtility of
the macromonomers of this invention is not so
limited.

One class of contact lenses whoaze surface may
be usefully meodified by the macromonomers of this
invention are soft hydrogel lenses. Conventional
monomer systems for such lenses employ a hydrophilic
monoolefinic monomer (i.e., .a mondethylenically
unsaturated monomer) and a polyolefinic (usually
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diolefinic) monomer (e.g., a polyethylenically
unsaturated compound which functions as a cross-
linking agent) in an ampunt sufficient teo
insolubilize the resulting hydrophilic hydrogel but
insufficient to destroy the hydrophilic properties.
Mixtures of hydrophilic moncolefinic monomers are
used as well as mixtures of cross-linking agents.
Other monomwers which are copolymerizable with the
hydrophilic monomer are also used to adjust various
properties of the polymeric material, as is well
known in the art.

Illustrative hydrophilic monemers ineclude water
soluble monoesters of (meth)acrylic acid with an
alcohol having an esterifiable hydroxyl group and at
least one additional hydroxyl group such as the
mono~ and poly-alkylene glyccl monoesters of
(meth)acrylic acid, e.g., ethylene glycol
mono (meth)acrylate, diethylans glycol
mono({meth)acrylate, propyleng glycol
mono (meth)acrylate, dipropylene glycol
mono (meth)acrylate, and the like; the N-alkyl and
N,N-dialkyl substituted (meth)acrylamides such ag N=-
methyl \(meth)acrylamide, N,N-dimethyl
(meth)acrylamide, and the like; N=vinylpyrrolidone
and the alkyl substituted N-vinyl pyrrolidones:
glycidyl (meth)acrylates; the unsaturated amines:
the alkoxy ethyl acrylates; mixtures thereof; and
cthers known to the art.,

Illustrative di~ or higher polyfunctional
species employed as cross-linking agents are
divinylbenzene, ethylene glycol di(meth)adrylate,
propylene glycol di(meth)acrylate, and the
(meth)acrylate esters of peolyols such as
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triethanolamine, glycerol, pentaerythritol, butylene
glycol, diethylene glycol, triethylene glycol,
tetraethylene glycel, mannitol, and sorbitol.
Further iliustrations include N,N-methylene-bis-
{meth)acrylamide, sulfonated divinylbenzene, and
divinylsulfone.

Illustrative of other copelymerizable monomers
are hydrophobic (meth)acrylic esters such as alkyl
(meth)acrylates wherein the alkyl moiety contains 1-
& carben atoms.

While soft, hydrophilic, gel~type lenses may be
modified by the macromonomers of this invention, of
greater interest 'is the modification of lenses
prepared from a formulation including at least one
silicone monomer and at least one hydrophilic
monomey. Included in this class of materials are
saft contact lens formulations (both hydrogel and
nonhydrogel) and rigid gas permeable contact lens
formulations. |

Preferred soft hydrogel formulatiens are those
described in U.S. Patent Application Serial Nos.
07/363,662 filed June 7, 1985 and 07/364,204 filed
May 2, 1989, the entire contents of which are
incorporated herein by referance. Other examples of
useable formulations are feund in U.S. Patent
Nos. 4,136,250 4,740,533; 4,711,943; 4,189,546; and
4,153, 641.



One type of presently preferred hydrogel
fornulations incorporate urethane prepolymers of the

general formula:

E (*D#*A*D*G) a XD*A*DEE’ or
E(ADAG*D*A) o *DA¥GHDHE’
whare
A denotes a divalent polymeric radical
represented by the general formula chosen from the
group of
RS RS
{ '
~ (CH2}1-4 fi-o — f-i——-(CHzM-ax—
RS RS
wherein R® denotes an alkyl radical er a short chain
fluerinated alkyl radieal with 1 to
3 carbon atoms; and

P provides a moiety weight of 400 ¢o 10,000;

D denotes an alkyl diradical, an alkyl
cyeloalkyl diradical, a cycloalkyl
diradical, an alkylaryl diradical or an
aryl diradical, with 6 t¢ 30 c¢arbon atoms;

6 denotes an alkyl diradical, a cyelealkyl
diradical, an alkyl cycloalkyl diradical,
an aromatic diradical or an alkylaromatic

diradical with 1 to 40 carbon atoms which
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may have ether, thio, or amine linkages in
the main chain;
* denotes a urethane or ureido linkage:; and
E and E’ danote polymerizable unsaturated
organic radicals represented by the
general chemical formula
re
R%EH;: (CHa)y (X)x (2)z (Ar)y-Rl-
wherein RY denctes a divalent alkylene radical with
1 to 10 carboen atonms:
r? denotes a -H or -CH3 radical;
R> denotes a -H radical or an alkyl radical
with 1 teo
3]
i 2 .
6 carbon atoms oY a -CY-R® radical where
Y is =0~, «8- or -NH- and R4 deriotes
an alkyl fadical'with 1 to
12 carbon atoms:
o 0
: j ({
X denotes -C~, or =0~C-;
Z denotes =D=, =8-, or -NH~;
Ar denctes an aromatic radical with é to
30 carbon atoms;
a is at least 1;

w is 0 to 6;

X is 0 or 1}
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y is 0 or 1:; and

Zz is ¢ or 1.

The isocyanates which can be used in preparatién
of these urethane prepolymers include toluene
diisocyanate,. 4,4’-diphenyl diisocyanate, 4,4'~
diphenylene methane diisﬁéyanate, p-phenylene
diisocyanate, dianieidine diisocyanate, 1,5
napthalene diisocyanate, 4,47-diphenyl ether
diisocyanate, 4,4’ {dicyclohexyl)methane
diisocyanate, 1,3-bis~(isocyanato
methyl) cyclohexane, cyclohexane diisocyanato,
tetrachlorophenylene diisocyanate, isophorone
diisocyanate, and 3,5-diethyl~4,47’-diisocyanato

diphenyl methane.

other diisocyanates which may be used are higher
molecular weight diisocfanates formed by reacting
polyamines which are terminally capped with primary
or seccndary amines, or polyhydric alcchols with
excess of any of the akove described diisocyanates,
In general, these high molecular weight

diisecyanates will have the general formula

il
f
[O=C=N=R-N~C~X]4=B
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wherein R is a divalent organic radical with 2 te
about 20 carbon atoms, X is -0-, or -NR’-, where R
is -H or a lower alkyl, and B is a divalent organic

radical.

The diisceyanate is reacted with low molecular
weight dicls orx glyéols such as 2,2~(4,4"
dinhydroxydiphenyl) ~propane (bisphenol-A); 4,4'~igso-
'propylidine dicyclohexanoi (hydrogenated biphenol-
A) 7 ethoxylated bisphenol-a; propoxylated kisphenol-
A} 2,2~{4,4’-dihydroxydiphenyl)-pentane; a,a’~(4,4'-
dihydroxydiphenyl)-p-diisopropyl benzene; 1,3
cyclohexane diel; 1,4-cyclohexane diol: 1,4~
cyclohexane dimethansl: bicyclic and tricyclic diols
such as 4,8~his-(hydroxymethyl)-tricyclo
[5.2.1.0205} decane, necpentyl glycol, 1,4
butanediol, i,3—propanediol, 1.5-pentane§iol,

diethylene glycol, triethflene glycol and the like.

" These hard segments form hard demains in the
final polymer or copolymer by.association via
hydrogen bending with other rigid segmenté. The
dégree of association within the hard domain can be
modified by contrelling the amount of hydrogen

bonding between the segments by either 1) decreasing
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the overall weight content of the hard segment in
the prepolymer by increasing the molecular weight of
the soft segment or 2) by decreasing the amount of
hydrogen bonding density in the hard segment by
either using relatively soft, longer chained diols,
or by using primary amines or secondary amines
capped low molecular weight compounds in conjunction

with the diisocyanates rather than the diocls.

The hard segments are then reacted with a
relatively high molecular weight polymer which is
a,0o- endecapped with two active hydrogens, usually
hydroxyl groups. These segments form the so-called
soft segment of the prepolymer. Various types of
high molecular weight polymers can be used including

in general polymers of the fellowing formulae
a) - HO (CHp) (RFO)n (CHp) OH;
b) HO (CHz) (RFO)y (CHp) OH: and
RS
i

¢) HO (CHo)qwg | S$i-0p— 83 = (CHp)ja.q OH
|

R m rS




Formulas a) represents polyoxyalkyleneglycols.

These diols include polymers prepared from the
epoxides: ethylene oxide 1,2-propylene oxide, 1,2-.
butylene oxide, 2,2 epoxydecans, 1,2-epoxyectane,
2,3-epoxy norborane, 1,2-époxy—3—éihoxy propane,
2,2-epaxy-3—p$enoxypropane, 2,3~epoxyprapyle=4-
methoxy phenyl ether, tetrahydrofluran, 1,2-epoxy-3-
cyclohexyloxy propane, oxXetane, 1,2-epoXy-5-hexene,
1,2-epoxyethylbenzene, 1,2-epoxy=l-mathoxy=-2-
methylpropane, benzyloxy propylene oxide, the like

and combinations thereof.

The preferred polymers of this class are
polypropylene glycols of molecular weights, 2000,
3000 and 4000 and more and polyoxyethylens
polyoxypropylene bloek copolymers with maleacular

weight greater than 2000.

Formulae b) represents polyfluorcethers with
a,»~ active hydregens. This class of polyﬁers can
be synthesized as taught in U.S. Patent No. :
3,813,374,' Geneially; these polymers should have

molecular weights between 400 and 10,000.

Formulae c) represents a,o~ dihydroxyl alkyl

endblocked polysiloxane which for the purpose of the
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present invention should have a molecular weight in
the range of 400 to 10,000. These polysiloxanes can
be synthesized by ‘reacting a disiloxane of the

general formula

CH3 fH3
t
HO (CH2)1-4 fi-O-Si (CH2) 3.4 OH
{

CH4 CH5

with cyclopolydimethyl siloxane under acidic

conditions.

Alternately, the disiloxane can be replaced with
dimethoxydimethylsilane or diethoxy dimethyl silane
to produce the «,0~ dihydroxy endcapped

polysiloxanes.

The endeapping monomers used in the prepolymer

are generally represeénted by the formula

RE
I .
RICH=C (CHa)y (X)y (2)z (Ar)y -Ri=

as defined supra. The Stage B reaction product is
reacted with an excess of suitable acrylate or

methacrylate esters containing 2 hydroxy or amine
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group on the non-acrylate or non-methacrylate
portion of the monomer to form the endeaps of the
above formgla. cuitable endcap monomers include
hydroxyethyl acrylate, hydroxyethyl methacrylate,
aminocethyl methacrylate, 3 hyéraxypropyl
methacrylate, amino propyl methacrylate,
hydroxyhexylacrylate, t~butylaminoethyl
methacrylate, monoacrylate or monomethacrylate

esters of bisphenol=aA and/or bisphenel-B.

The urethane prepolymers are formed by two
general synthetic approaches. One approach produces
the hard-soft-~hard prepolymer while the second

approach produces the soft-hard-soft prepolymer.

The scheme used to produce hard-scft-harad
urethane prepolymer employed three stages. In the
first stage (STAGE A) 2 mole eguivalents of
diisocyanate are reacted with about 1 mole
equivalent low meolecular weight diocls. If these
diols are represented by the symbol G+, where +
denotes a hydroxyl radical and € represents the rest
of the diol compound, and the diisocyanate
functional compound is represented by eDe¢ where o

represents an isocyanate radical, the STAGE A



reaction can be schematically represented as

follows:
20D 4+ 5P w——d sDRkGRDe

where * denotes a urethane or a ureido linkage.
STAGE A produces a so-called "Hard" segment. As is
known to those skilled in polymer chemistry, .the
product eD*G4De¢ is the mathematical average of all
reaction product molecules. The reaction product of
the actual reaction will contain 0 and

sD(*G*D) o *G*D ﬁith e>2. Again, the formulas are

nunerical averages.

STAGE B invalves reacting about one half mole
equivalent of a «,0v~ diol endcapped long chain.
pelymer with the reaction product of B8TAGE A. If
sA+ represents the lonyg chain diol the STAGE B

Reaction is
ZOD*GRDY + Ay —=p [*DRGAD*]oA

In STAGE C, the reaction product from S8TAGE B is

reacted with a molar excess of an endcapping monomer
which has: 1) hydroxyl or amine functionality; and

2) some pelymerizable unsaturation. If the
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endcappeY is represented by the symbol E¢, where ¢
is -OH or -NH; or -NH=-, the reaction proceeds

genarally as
[*D*C*D*]pA + 2Ee —=—} [E*D*G*D*]5A

ogtionally, STAGE B can be run with molar excess.
of A+ to produce nultibkleck polymers of the general
formula e {D*G*D*A).*D*G*Ds where a is at least 1.
This reaction product would be endcapped in S8TAGE C

above.

The second general synthetic scheme using the
same nomenclature described is represented by the
following general formulae:

STAGE A
2 0D s 4 GA¢ ——ey {*D*]aA

STAGE B

2[eD¥EIoR + 4G4 s {*D*ARD* ] aG
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STAGE C
[*D*A%D* )G + 2E¢ —~——uemd [E*D#*A%D* ) 2G

In general, each of the reaction.stages is run until
the reactive step is complete. Reaction progress in
STAGES A and P reactants can be monitored by acid
base titration. The isocyanate content was
calculated by the difference ¢f acid eguivalents
between a stock solutien dibutylamine and its
reaction product with the diisocyanate reaction
intermediate. The reaction was also monitored by
ATR-IR for the appearance/disappearance of peaks at
1700 om=l, which indicated the presence of

0

] :
~C=, and 2250 cm=1 which indicated consumption of -

=C=D.,

The synthesis ¢f the ﬁrepolymer may be run neat
or in solution. A wide range of aprotic solvents
can be used to synthesiée the prepolymers of the
present invention. Solvents useful in the synthesis
include toluene, wethylene, chloride, benzene,
cyclohexane, hexane, heptane and the like.

Preferr;d solvents are toluene, methylene chloride

and mixtures thereof.



Reaction of the prepolymer precursors may be
accomplishéd in the presence or absence of catalysts
for urethane reactions, such catalysts being wall
known in the art. The first step of prepolymer
synthesis where diisocyanate is first reacted with a
short carbon chain (2 to 30 carbon atoms) diol, '
particularly where an aromatic diisocyanate is used,
proceeds very rapidly, even in the absence of any
catalyst. In fact, during the step of reacting
diisocyanate and short chain diol, temperature
control may be required in order to aveid/minimize

gide reactions.

Preferably, the first step of prepolymer
synthesis in accordance with the present invention
is carried cut below about 100°C, most suitably
within the range of from about 60°C to about sp-c.
Thereafter, the second step of the reaction is
carried out at comparable temperatures, preferably
within the range of from about 40°C to 70°C. The
final step of prepolymef formation suitably is
effected at temperatures of from about room
temperature to about 1ao°c, with a narrow range of
from about 40°C to abeut 50°C being most preferred.

As will be apparent te those skilled in the art,



optimal reaction conditions, such as temperatures
and duration,-are selected for each individual
reaction system to achieve. conditions that preduce a
favorable rate of reaction without fostering

undesirable side reactions.

Among the suitable catalysts for use in
prepolymer formation are tin salts and organic tin
esters, such as dibutyl tin dilaurate, tertiary
amines, such as triethyl diamine and other
recognized catalysts, such as 1,4~-diaza (2.2,2)=-

bigcyclooctane (DABCQ).

These silicone~containing urethane prepolymers
may be copolymerized with a wide variety of
hydrophilic monomers te preoduce soft hydrogel
contact lenses. Hydrophilic monomers suitable for
this use include 2-hydroxyethylmethacrylate, N-vinyl
pyrrolidone, {meth)acryvlamide, vinyl acetamide, and
other ethylenically unsaturated hydrophilic
monomers. Further comonomers may also be added to
enhance wetting or to modify other properties as is

'qenerally known to those skilled in the art.

Another presently preferred hydrogel

formulation incorporates silicone-containing vinyl
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carbonate or vinyl carbamate prepolymers of the

general formala:

R 0
| i .
CHp=C=(CHy)p-0=C-%| RS

a

wherein X éenotes an =0=,6 =%-, or ~NR3 -
divalent radical:

51 genotes a silicone containing erganic
radical;

R? denctes -H or =CHj:

A is 1, 2, 3, or 4; and

b is 0 or 1.

Suitable silicone-containing organic radicals

(RSi) include the follewing:

- (CHz)n Si Bmz)mﬁl:ﬂa?
-(CHz)n $1(08i [(CH2)nCHI]3)37

-(CHz)n{5i=0]| RSL; ana




-(CHz) | Si=0|— si— REL
gl Rl

where R denotes a monovalent erganic radical such
an an alkyl radical with 1 to 6 carbon atoms, or a
fluoroalkyl radical with 1 to 6 carbon atoms;
- gel denotes
-(CH3) p=0~C~CH=CH,

p is 1 to &6; and

d is 1~200, and
where n is 1, 2, 3, or 4, and m is 0, 1, 2, 3, 4, or

S.

The silicone-containing vinyl
carbonate/carbamate monomers épecifically include
3-{tris(trimethylsiloxy)silylipropyl vinyl
carbonate:
1.3-bis[4-(vinYloxycarbonyloxy)Sut-l-yl]tetramethyl-
disiloxane; 3-{trimethylsilyl)propyl vinyl
carbonate; t-putyldimethylsilexyethyl vinyl
carbonate; trimethyl~silylmethyl vinyl carbanate;
trimethylsilylethyl vinyl carbonate:
2,2,2=triflucroethyl vinyl earbonate; t~butyl vinyl
carbonate; 3-[tris(trimethylsiloxy)silyl] propyl
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vinyl carbonéte; 2,5,2—trifluoroethy1 vinyl
carbamate; i,l,l,3,3,3—hexaf1uorc-2-propy1 vinyl
carbonate: ]
3-(vinyloxycarbonylthio)propyl-[tris(trimethylsiluxy
Jsilanej{ 3-[tris-(trimethylsiloxy)silyl}propyl
vinyl carbamate: "“VaDag",
2,2,2~trifluaro~l-phenylethyl vinyl carbonate:
l-adamantane vinyl carbonate, l-adaméntanethyl vinyl
carbonate, l-adamantaneethyl vinyl‘carbonate: and

l-adamantane vinyl carbamate.

Preferred nonhydrogel soft contact lens
formulations are mixtures of polymerizable
polysiloxanes containing fluorinated side chains and
internal wetting agents. Further components such as
toughening agents, crosslinking agents, ané other
auxiliary modifiers are desirably present as taught
in U.s. Patent‘4,810,764, the entire content of

.which is incerporated herein by reference.

Polymerizable,'fluorinated polysiloxanes
empleyed in this embodiment of the invention are

described by the general farmu;n:



Ch e a e ma e r

- - -
gl | [w fl
K2 | R4 £2

where A denctes an activated unsaturated group, -g1
and Rr? independently dencte alkyl radicals with 1 to
6 carbon atems or phenyl radicals; rR® and R4
independently denote alkyl radicals with 1 to

6 carbon atoms, phenyl radicals, or fluorinated
alkyl radicals with 1 to & ¢carbon atoms, provided
that at least one of R3 or R is a fluorinated alkyl
radical with 1 to é carbon atoms:; m + n is at least

1; and n is at least 1.

Internal wetting agents ("hydrophilic
monomers®) useful in this embodiment of the
invention include N-alkyenoyl trialkylgilyl aninates
(heréinafter "NATA") (described in U.S. Patent
No. 4,652,622) represented by the general formula

CH,=C[E)C(0)N{H)CH(G) (CHz)mC(0)0Si(R) 3
wherein

E is H or CH,,

¢ is (CHp)xC(0)08i(R)3 or H,

R is CH3, CyHg or CaHy,
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m is an integer from 1 ta 15,

% is an integer from 1 to 10, and

m+ X is an integer from 1 to 15
Acryloyl- and methacryloyl-, mono- and dicarbOXYi{c
amine acids, hereinafter NAA, impart dasirable
surface wetting characteristics.to polysiloxane
polymers, but precipitate out of siloxane monomer
mixtures bhefore polymerization is completed. NAA -
can pe modified to form trialkylsilyl esters which
are more ¥eadily incorporated into polysilocane
pelyners. The praferred NATA’S are
trimethylsilyl-N-methacryloyiglutamate,
triethylsilyl-N=-methacryloylglutamate,
trimethyl~N-methacryloyl-6-aminchexanoate,
trimethylsilyl=N-methacryloyl=~aminododecancate, and

bis—trimethylsilyl—N-methacryloyl aspartate.

The-preferred internal wetting agents are
axazolonés of the general formula
Ry
\

T o
N

Ry Ry
where

R; and Rz independently denote H or CHs; and
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Ry and Ry independently denote methyl or

cyclohexylradicals.

These preferred internal wetting agents
specifically include
2-isopropenyi-4,4~dimetny1—2—oxazalin-s-one (IPDMO),
2-vinyl-4,4~-dimethyl-2-oxazolin-5~one (VDMO),
cyclohexane
spire=~4’«(2/isopropenyl-2/-axazol-5’/-one) (IPCO),
cyclohexane~spiro=4/~(2/-vinyl~2’~-oxazol=5'=one)
(Veo), and 2-(-1l~propenyl)~4,4~-dimethyl-oxazol-5-one
(PDMO) .

These preferred intermal wetting agants have
two important features which make them particularly
desirable wetting agents: (1) They are relatively
non=polar and are compatible with the hydrophobic
moncmers (the polysiloxanes and the toughening
agentg), and (2) They are converted to highly pelar
amine acids on mild hydrolysis, which impart
substantial webting characteristics. When
polymerized in the presence of the other components,
a copolymer is formed. These internal wetting
agenté result through the carbon-carbon double bon&
with the endcaps of the polysiloxane monomers, and

with the toughening agents to form copelymeric
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materials particularly useful in biomedical devices,

especially contact lenses.



These oxazolones are prepared by the general

reaction sequence

0
|
R ¢l + H2N COOH KaoH
Ha0
Ry I | o°c.
(L)
o 0
|
R2 | Ry C1COCoHs
W ) Hexane
.NH R4
COOH




Rz Ry

The first step is a Shotten~Bauman acrylation
of an amino acid. Upon completion of this step the
polymerizable functionality is introduced by using

either acryloyl or methacryloyl e¢hloride.

Rigid gas permeable contact lens fornulatiéns
which are suitable for the practice of this
invention are silicone~based Gopolymers preparéd
from siloxanylalkyl esters of methacrylic acid and
other acrylate, methacrylate, or itaconate monomers
in many Xnown formulations. See U.S. Patent
Nos. 4,424,328; 4,463,249; 4,664,479; and 4,686,267

for examples of such formulations.

~ This invention is further described by the
following Examples, which are intended to be

illustrative, not limiting,
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EXAMPLES
SYNTHESES OF RANDOM COPOLYMERS

EEAMPLE 1

1 jzation o ~ - ipone

Distilled 1-vinyl-2~pyrrolidinone, {NVP) 40 q,
2=-mercaptoethanol, 2.80 g and azcbisisobutyronitrile
(AIBN, recrystallized from ethanol) 0.59 g were
combined with 100 mL of anhydrous tetrahydrofuran
(THF) in a 250 ml three neck flask. The flask was
also fitted with a mechanical stirrer and a reflux
condenser. A slow stream of nitrogen was used to
deoxygenate the scolution for 15 nminutes. After
24 hours of reflux under a nitrogen atmosphere, no
vinyl protons could be detected in the 60 Mhz NMR
spectra (6.5-7.0 ppm). The hydroxy-terminated
polymer was precipitated from 2 L of anhydruus ethyl
ether. The solid was digsolved in 200 nl of THF and
the precipitation repeated twice. The white solid,
29.37 g (69% vyield), was dried under reduced

pressure.
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EXANDLE 2

sSynt is of a Polyvin 3 idin P

acrome)

Hydroxy~terminated PVP, 9.0 g (from Example 1),
wvas dissolved in 90 nlL of chloroform, in a 250 mL
3-~neck flask fitted with a magnetic stirrer, a
reflux condenser, and an addition funnel,
pibutyltin dilaurate, 32.5 mg, and butylated hydroxy
toluene, 2.1.mg (BHT), were added. Isocyanatoethyl
methacrylate, 0.86 g (ICEM) in 10 mL CHCl3, was
added dropwise. Following the addition the soclution
was heated to reflux. After 3 hours no ICEM could
ﬁe detected by infrared analysis. The reaction
mixture was then slowiy added to 6 I of anhydrous
ethyl ether and the solid cellected, Precipitation
of the PVP macromer was repsated, from ethanol inte
4 L of ethyl ether. After drying at 30°C under
reduced pressure the yield of macromer was 7.1 g
(76%). The Mn (number average molecular weight) and
PA (peolydispersity} valués were 1,986 and 1.4 (vs.

polyethylene glycol standards).
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EXAMPLE 3

Co erization of O P Macrom

iH, 1H,5H Octafluorapentylmethacrylate, (OFFMA)
0.75 g, PVP macromer (Example 2), 5.0 ¢,
2-mercaptoethanol, 106 uL, and AIBN (recrystallized
from ethanol), 8.2 mg, were combined with 100 mL of
anhydrous tetrahhdrofuran (THF)} in a 250 mlL three
neck flask. The flask was also fitted with a
mechanical stirrer and a reflux condenser. A slow
stream of nitrogen was used to deoxygenate the
solution for 15 minutes. After 20 hours of reflux
under & nitrogen atmosphere the hydroxy terminated
prlymer was precipitated from 2 1L of anhydrous ethyl
ether., The solid was dissolved in 200 ml of THF and
the precipitation repeated once. The white solid

was dried under reduced pressure leaving 4.14 g, a

72% yield.
EZAMPLE 4
P izati of N . N=bimethvlac amide

Distilled DMA, 20 g, 2-mercaptoethanel, 280 ulL,
and AIBN (recrystallized from ethanol), 0.33 g, were

combined with 100 nl of anhydrous tetrahhyrofuran



(THF) in a 250 nlL three neck flask. The flask was
also fitted with a mechanical stirrer and a reflux
condenser. A &8low stream of nitrogen was used to
deoxygenate the solution for 15 minutes. After

20 hours of reflux under a nitrogen atmosphere no
vinyl protons could be detected in the 60 Mhz NMR
spectra (6.5-7.0 ppm). The hydroxy terminated
polymer was precipitated from 2 L of anhydrous ethyl
ether. The solid was dissolved in 100 ml of THF and
the precipitation repeated. The white solid was
dried under reduced préssure at 30°C. The yield was
15.5 g and the Mn (number average molecular weight),
Mw (weight average molecular weight) and Pd
(pelydispersity) values were 6,700, 11,318 and 1.7

{vs. pulyethylens glycol standards).

EXAMPLE &

eparation of a DMA omer

Hydroxy terminated copolymer, 12 g (from
Example 4) was dissclved in 90 mL of chloreoform, in
a 250 mL 2-neck flask fitted with a magnetic stirrer
and a reflux condenser and an addition funnel,
Dibutyltin dilaurate, 36.% mg, and butylated hydroxy

toluene (BHT), 10.2 mg, were added. Isocyanatoethyl
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methacrylate, 0.30 g (ICEM) in 10 mL CHCl,, was
added dropwise. Following the addition the soiution
was heated to reflux. After 48 hours no ICEM could
be detected by infrared analysis. The reaction
nixture was then slowly added to 2 L of anhydrous
ethyl ether and the solid collected. fha
precipitation wés repeated a second time followed by
drying at 30°C under reduced pressure. The yield of
macromer was 8.6 g. The Mn, Mw and P4 values were
.4.400. 7,800 and 1.8 (vs. polyethylene glyecol \

standards).
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EXAMPLE 6

Copolymerization of OFPMA and DMA Macromer

OFFMA, 1.2 g, DMA macromer (Exﬁmple 5), 6.7 g,
2-mercaptoethanol, 105 uL, and AIBN (recrystallized
from ethanol), 8 mg, were combined with 100 mlL of
anhydrous tetrahhdrofuran {THF) in a 250 nmL
three-neck flask. The flask was also fitted with a
magnetic stirrer and a reflux gondenser. A slow
stream of nitrogen was used to deoxygenate the
solution for 15 minutes. After 72 hours of réflux
under a nitrogen atmesphere the conversion to
copelymer was 44%, (by NIR analysis). Addition of
25 mg AIBN and 48 hours vafluxing, (120 hours total)
gave a 60% conversion to copolymer. Precipitation
into 2 L of anhydrous ethyl ether, followed by
drying at reduced pressure left 6 g of copolymer
with Mn, Mw, and Pd values of 4,600, 8,100, and 1.8

(ve. PEG standards).
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E PLES 7-310

Copolymerization of JH 1H, SH
Oetaflnoropentyl ate
atho ethvlene onometh ates
Exanmple 7

A solution was prepared by dissolving $.1 g of
methoxy polyethylene glycel 1,000 monomethacrylate
in 100 mL of toluene. The solution was parefully
transferred to a 250 ml three neck flask fitted with
a magnetic stirrer and a condenser. Teo this, 9.1 g
of 1H,1H,5H Octaflucropentylmethacrylate (OFPMA),
1.26 g of distilled thioglycolic acid (TGA) and
0,071 g of azobisisohutyronitrilé (AIBN) were added.
AIBN was recrystallized from ethanol before use,

The solution was then deoxygenated using nitrogen
for 15 minutes and then placed under a passive
nitrogen blanket. Aftér stirring for 16 hours at
60°C the percent conversion was determined to be 55-
98% by near infrared (NIR) analysis. The number
avaerage molecunlar weight was determined by size
exclusion chromatography (“SEC") vs. polystyrene and
by end group titration. The Mn values were 2,902
and 1,815 respectively. Results are shown in

Table I.
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gs 8-9
The procedure of Example 7 was repeated usind
higher relative amounts of methoxy polyethylene
glycol 1000 ﬁonomethacrylate. THF replaced toluene
as the solvent in Example 9. nesulté are shown in
Table I.

Exawmple 10

The procedure of Example 7~was repeated using
methoxy polyethylene glycol 5000 monomethacrylate
and using THF as the solvent. Results are shown in
Table I.



Example

10

Type

OFPMA/Peo 1k
OFPMA/Pa0 1k
OFPMA/Peo 1k

' OFPMA/Pea 5k

ACID TBRHINREED COPOLYMERS

Ccomposition
80/20
70/30
50/50

80/20

Table I

Solvent
Toluene
Toluene
THF

THF

RxXn

- time

16h
72h
24h
24h

Mn Hw

2902 5370
2300 3400

3163 5287

12.6k 9400

Pd
1.8
1.44
1.7

1.34

[P P I X

- &b -
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EXAMPLE 131
copolymerization of
3~Meth oylo vitris(trimethylsiloxyls g
Metho o1 lene (= 00

ponomethacrylate

A solution was prepared by dissolving 7.1 g of
methoxy polyethylene glycol 1,000 monomathacrylate
in 100 ml of toluene. The sclution was carefully
transferred to a 250 ml three-neck flask fitted with
a magﬁetié stirrer and a condenser. To this, 12.8 g
of | |
3-methacryloyloxypropyltris(trimethylsiluxy)silane
{(TRIS), 1.0 g of distilled thioglycolic acid (TGA)
and 0,059 g of azobisisobutyronitrile (AIBN) were
added. AIBN was recrystallized from ethanol before
use. The solution was then deoxygenated ﬁsing
nitrogen for 15 minutes and then placed under a
passive nitrogen blanket. After stirring for
16 hours at 60°C the percent conversion was
deternined to be 95-88% by hear infrared (NIR)
analysis. The number aveérage molecular weight whs

determined by size exclusion chromatography vs.

polystyrene and by end group titration. The Mn
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values were 2,895 and 2,082 respectively. The

polydispersity of the copolymer was 1.5.

EXAMPLES 12-17

Copolymerization of 1H,1H, 5H

Octaf apentyimethac at et

olveth e olvco onone crviates

Example 12
OFPMA, 15 g, methoxy polyethylene glycol 1,000
monomethacrylate, 50 g, 2-mercaptoe£hanol, 2.34 q,
and AIBN (recrystallized from ethénal}.'0.164 g,
were combined with 500 ml of a 1:1 mixture of THF
and methanol (MECH) in a 1 L, three-neck flask.. The
flagk was also fitted with a magnetic stirrer and a
reflux condenser. The mixture was stirred until all
reagents were in solution. A slow stream of
nitrogen was then used to deoxygenate the solution
for 15 minutes. After 72 hours of reflux under a
nitrogen atmosphere the conversion to copolymer was
99+% (by NIR analysis}. Solvent was removed by
flash evaporation leaving a viscous oil, wﬁieh upon
standing formed a wax-~like solid. Values for Mn, Mw

and Pd were determined vs.'polystyrene, {Mn= 3,700,



Mw= 6,300 and Pd= 1.72). Results are shown in
Table II.

Examples 13:-17
The procedure of Example 12 was repeated using
methoxy polyethylane glycol monemethacrylate in
different molecular weighte and relative amounts as
~indicated in Table II which also summarizes the

results obtained.



BYDROXY TERMINATED COPOLYMERS

Table YI

Example Conversion, time

# Type Composition % (by NIR) hrs Mn Mw rd
32 OFPMA/Peo 400 50/50 95 48 219D 3400 1.56
i3 OFPHh/Peo ik 50/50 29 712 1700 6300 l1.72
14 OFPMA/Pec S5k 80720 30 72 10,5k 16.1k 1.52
15 OfPHR/PBO 5k 50/50 75 65 10k 2.6k 1,27
16 OFPMA/Peo 2k 50/50 79 65 - - -
17 OFPMA/Peo 2k 80/20 95 - 48 3900 4800 1.22

—67-5
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EXAMPLES 18=21

Sy ce Ackiv Cromonaol Preparation

Example 18

Distilled glycidyl methacrylate, 1.82 ¢,
p—methoxyphenni, 2.5 mg (MEHQ), and twe drops of
N,N-dimethyldodecylamine were added to the solution
fron Example 7. The mixture was allowed to reflux
under a nitrogen atmosphere for & hours. The
‘solution was washed 3 times with dilute sodium
carbonate solution and once with water. Th? oyrganic
layer was dried over magnesium sulfate, and toluene
removed by flash evaporation at reduced pressure.
The residue, 18.12 g (85% yield), of viscous yellow
WACYOmONnONeYr h;d Mn values of 3,353 (by SEC vs,
polystyrena) and 3,416 (by vapér phase
osmometry,vpo). The polydispersity (Pd) of the
macromonomer was 1.9, Results are summarized in

Tahle III.

Examples 19-2]
The procedure of Example 18 was repeated using

the solutions from Examples 8-10. The cnpolymeis'of
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Examples 5-10 were isolated and redissolved in
dioxane for surface active macromonomey preparation.

Results obtained are shown in Table JII.



Table I1IX

SURFACE ACTIVE MACROMERS

Example R¥n
i Type Composition Solvent time Mn Mn rd
.18 OFPHE)PEO 1k 80/20 Toluene 5h 3353 6493 1.9
19 OFPMA/Pec 1k 70/30 | Toluene 5h 2057 4587 2.2
29 OFPMA/Pec 1k $0/50 Dioxane 5h 2545 4351 1.7
21 'OFPMA/Peo 5k 80/20 Dioxane 5h 8142 12k 1.5




- 53 =

XAMPLES 22=27

Surface Active Macromonomer Preparation

Example 22

Hydroxy terminated copolymer, 41.744 g (from
Example 12), was dissolved in 225 ml of THF, in a
500 mL 3-neck flask fitted with'a magnetic stirrer,
a reflux condenser, and an additien funnel.
Dibutyltin dilavrate, 1.57 g, and butylated hydroxy
toluene, 10 mg, were added. Isocygnatoethyl.
methacrylatg; 1.98 g (ICEM) in 25 mL CHCli, was
added dreopwise. Following the addition the solutidn
was heated to reflux. After 16 hours 0.2% ICEM was
detected by infrarad analysis. Methanel, 5 ml, was
added to react with the slight excess of ICEM,
Chloroform was then remove& by flash evapnration;
The residue was left under high vacuum overnight to
remove residual solvent leaving 42.4 g of wax-like
semisolid. vVvalues for the Mn, Mw, and Pd were
determined vs polystyrene standards. Results are

summarizad in Table IV.
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Examples 23=-27
The procedure of Example 22 was repeated using
hydroxy terminated copolymers (dissolved in
"chloroform) from Examples 13-17. Results are shm;n

in Table 1V,



Table IV

BURFACE ACTIVE MACROMERSE
Example _ Time

1 Type - Composition Solvent hrs Mn Mn rd
22 OFPMA/Peo 400 50/50 THF 16 2500 4600 1.8
23 OFPMA/Pec 1k 50/50 CHCI 3 16 4000 6700 1.69
24 OFPMA/Peo 5k B80/20 CHC13 1z 4100 4500 1.:12
25  OFPMA/Peo Sk 50/50 CHC1 4 16 9900 12.5K 1.26
26 OFPMA/Peo 2k 50/50 CHC14 1§ - - -
27 ~OFPMA/Peo 2k 80/20 CHCl3 16 3800 4500 1.1%9

_SS-
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E 28

urface ive Macromono

Distilled glycidyl methacrylate, 1.58 ¥y,
p-methoxyphenol, 2.8 mg (MEHQ), and two drops of
N,N=dimethyvldodecylanine were added to the solution
from Example 1l. The mixture was allowed to reflux
under a nitrogen atmosphere'for 5 hours. The
solution was washed 3 times with dilute sodiun
carbonate sblutiqn and once with water. The organic
layer was dried over magnesium sulfate,'and toluene
was removed by flash evaporation at reduced
pressure. The residue, 17.64 g (84% yield), of
viscous semi-solid macromonomer had Mn values of
1,593 (by SEC vs. polystyrene) and 1,918 (by vaper
phase osmometry,vpo). The polydispersity bf the

macromonomer was 1.6.

EXAMPLE 29
Surface Active Macromonomer Preparxation

Hydroxy terminated copolymer, 3.14 g (from

Example 3), was disselved in %0 mlL of chloraform, in



a 250 ml 3-neck flask fitted with a magnetic
stirrer, a reflux condenser, and an additien funnel,
Dibutyltin dilaurate, 3 drops and butylated hydrogy
toluene, 3 mg, were added. Isocyanatoethyl
methacrylate, B9 ul (ICEM) in 10 mlL CHClj, was added
dropwise. Fbllowing the addition the solution was
heated to reflux. After 12.5 hours no ICEM could be
detected by infrared analysis. The reaction mixture
was then slowly added to 2 L of anhydrous ethyl
ether and the solid collected. After drying at 30°C
undey reduced pressure the yield of macromer was

3 g. The Mn, Mw and Pd values were 4,500, 5,500 gnd

1.2 (vs. polyethylene glycol atandards).

EZAMPLE 30
Surface Active Macromonomer Preparation

Hydrexy terminated copolymer, 4.5 g, (from
Example 6) was dissolved in 50 ml of chloroform in a
250 L 3=neck flask fitted with a magnetic stirrer,
a reflux condenser, and an addition funnel.
Dibutyltin dilauraﬁe, 2 drops and butylated hydroxy
toluene, 3 mg, were added. Isocyanatoethyl

methacrylate, 93 ul. (ICEM) in 10 nlL CHCl3, was added
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dropwise. Following the addition tha solution was
heated to reflux. After 20 hours a trace of ICEM
could be detected by infrared analysis. The
reaction mixture was then slowly added to 2 L of
anhydrous ethyl sther and the solid collected.
After drying at 30°C under reduced presgure the
vield of macromer was 3.14 g. The Mn, Mw and Pd

values were 4,900, 8,900 and 1.8 {va. PEG

standards) .
EXBMPLES 31-=42
Surface Tension Determination Using

the Wilhelmy Plate Technique

Macromonomer solutions were prepared with
distilled water at molar concentrations of
1072-10"6, The surface tension of each solution was
measured by the Wilhelmy Plate technique on a
Wettek, model SFA-212, instrument. A test solution
was placed in a jacketed bsaker, which had been
cleaned with chromic/sulfuric acid for 40 minutes,
rinsed with ¢lean water and dried overnite at 120°C.

Data was collected by dipping a glass cover slip
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(cleaned by passing through a flame) into each

solution several times at the following conditiens:

' Platform speed 0.16 mn/seQ
Izmersion depth 20,0 mm
Temperature 34 + 1°C

The data was analyzed using WETTEK 12 software.

Results are shown below in Table V.



Table ¥V

SURFACE TENSIOH DATA

Example Macromer Molar Temp. surface Tension
] example # conc. c dyne/cn
31 v, 1072 34 32.3
32 7 1073 34 _ 34.8
33 7 104 34 46.8
14 5 1073 23 36.2
35 5 1074 23 46.2
38 5 1073 23 57.5
37 5 10”6 23 66.8
38 6 1072 23 31.8
39 6 10”3 23 34.3
40 6 10~4 23 38.7
41 6 107° 23 53.1
42 6 1076 23 65.9

-Og-
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EZAMPLE 43

Polyurethans Monomer Mix

A urethane prepolymer prepared frem isophorone
diisocyanate, diethylene glycel, pelysiloxanediol
(melecular wt. 3,000) and endcapped with
2-hydroxyethyl methacrylaﬁe was combined with the
following; methacryleyloxypropyl
tris(trimethylsiloxy)silane (TRIS),
N,N~dimethylacrylamide (DMA), N-hexanol, benzoin

methyl ether (BME), The proportions are given

below.
Urethane prepolymer 35 parts
TRIS | 35 parts
DMa 30 parts
N-hexancl 40 parts
BME 0.2 parts

The resulting clear mix was then filtered threugh a

1.2 micron filter into a clean glass vial.
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PLE 44

Polyurethane Monomer Mix Containing
Su Activ ag SAM

A monomey mix was prepared as in Example 43

 except that 0.25 parts by weight of SAM 80/20

(Example 18) was added.

EXAMPLE 45

Polvurethane Monomey Mix Containing SaM

A monomer mix was prepared as in Example 43
except that 0.25 parts by weight of SAM 50/50

(Exampla 20) was added.

PLE

A monomer mix was prepared as in Example 43
except that 0.25 parts by weight of SaM §0/20 sk
(Example 23) was added. '



EXAMPLE 47
Polyvurethane Monpmer Mix Coptaining SaM

A monomer mix was prepared as in Example 43
except that 0.25 parts by weight of SAM (Example 29)

was added.

EXAMPLE 48
Polyurethane Monomer Mix Coptaining SAM

A monomer mix was prepared as in Example 30

except that 0.25 parts by weight of SAM (Example 30)

was added.

EXAMPLE 49

Vin C ; onomar Miw

A solution was prepared by combining

3[tris(trimethylsiloxy)silyl)propyl vinyl



carboxamide (TRISV), l1-vinyl-2-pyrrolidinone
(NVP),pentacqntamethyl-a,w-bis |
(4-vinyloxycarbbnyloxybutyl)pentacosa siloxane
(V2D25, Mw range 2-4%), nenanol, and
2-hydroxy-2-methyl~i=phenylpropan-l~one (DarocurR).
The proportions (by weight) are listed below.

TRISV 55 parts
NVP 30 parts
vV2D25 15 parts
Nonanol ' 10 parts
DarocurR 0.2 parts

The solution was filtered into a glass vial.

EXAMPLE S0
Vinyl Carbonate Monomer Mix Containing SaMm

A monomer mix was prepared as in Example 49
except that 0,36 parts by weight of SAM B0/20 5k
(Example 24) was added.
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EXAMPLE 521

uoro e Prepolymer Mix
Dimethacrylate-capped
polydiﬁethylsiloxane/polymethyl—
trifluoroﬁropylsiloxane MaDasFgs as described in
U.S8. Patent 4,810,764 (fluorosilicone), ' _
ectaflucrcopentylmethacryiate (OFPMA), 2-vinyl-
4,4=imethyl-2=oxazalin-5~-one (VDMO), and benzoin
methyl ether (BME)} were combined in the weight

proqutions shown below,

Fluorosilicone 98 parts
OFPMA 2 paves
VDMO 5 parts
BME 0.2 parts

The resulting solution
fluorasilicene mononmer

formula

wag filtered. The

employed is described by the



rnl il RY R:
{ ] i
A(CHp) 4 ~81 —= O+~ 81 — O|-— Si — (CHp)4-A
{
}3 R4 R2

wherein A is a methacrylate group; Ry, Ry and Ry are
methyl groups: Rs is a trifluoropropyl group: m is
36; and n is &5,

EXAMPLE 52
F psilicone epo er Mix C ainin
A wonomer mix was prepared as in Example 51
except that 0.25 parts by weight of SaMm 80/20 5k
(Exanmple 24) was added.
BEXAMPLE 53
A monomer mix was prepared as in Example 51

except that VDMO was replaced with SAM 80/20 S5k
(Example 24).



-~ 67 =

EXAMPLE S4-64
ont Lens Cas ol

Anterior and posterior mold surfaces were
cleanad by electrostatic deionization in air and
transferred to an ineft (nitrogen) atmasphere. The
mold anterior was then filled with 40-80 ul of
nonomer mix, (examples 43~53) in the inert
atnosphere and placed on a casting plate. The mold
posterior was then peositioned. Once the casting
© plate was full the top plate was aligned and
tightened down to 18 inch-pounds. Casting plates
were then placed under ultraviolet light at 4,000 u
watts/cnz,(oxygen level was %50ppm), for one hour.
Following separation the mold halves containing
lenses were placed in a 70/30 volume/voluné solution
of ethancl and water or l00% ethanol. Lenses and
solution were placed in an ultrasonic bath at 50°C
and allowed to release. Lenseé were then
transferréd +o absolute ethanol. After one hour the
solvent was sxchanged with fresh ethanol and allowed
to stand for 48 hours. Ethanol was then removed by

water extraction.
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EXAMPLE &5

Analvsis for Surface-Active Macromer at Contgct Lens

face ectron ctrosc or ¢ ical lysis

JESCA)

Electron spectroscoepy for chemical analysis
(Esca) utilizes a monachromatic source of low energy
x=-ray to produce a core level ionization. The
energies of the ejected photons are measured and
subtracted from that of the incident photen to
obtain their binding energies. These energies
identify the elements present at or near the sample

surface.

The polyurethane 1ens of Exanple 55 was
subjected to ESCA analysis at x-ray incident angles
of 15, 45, and 90 degrees. The smaller the incident
angle, the shallower the probe depth of the sample
surface. The atomic percent concentration of
fluorine at the different incident angles‘wgs 5.33,
3.38 and 3.23%, respectively. These data for the
fluorine atom are indicative of a high concentration

of surface=-active macromer at the lens surface
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because the corncentration of total macromer in the

lens sample was only 0.25 weight &%.

XAMPILE 66
Analysig for Surface-Active Macromer at Contact lens
gsurfac tact Angle

The contact angle of the surface of contact
lenses prepared in Examples 54, 55, 56, and 58 were
measured by the captive bubble technique. The
lenses were submerged in buffered saline solutioen
and a hubble of ajir was attached to the undersgurface
of the lens. The angle made by the intersection of
the len=z and bubble surfaces was measured using a
geniometer. The lower the contact angle the more
hydrophilic 6r water wettable is the lens surface.
Results are shown in Table VI, Note that the lens
of Example 54 contained no polymerizable surfactant.
Addition of polymérizable éurfactant 8s in
Exanmples 55, 56, and 58 caused a marked reduction in

the contact angla.
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Table VI
Exawple No. Contact Angle
54 35
55 20
. 86 : 14
58 24
EXAMPLE €7

clinjcal Evaluation of Example 57

Five subjects wore one contact lens of Example
857 (econtaining the polymerizable surfactant of
Example 23) in one eye and one control contact lens,
Exanple 54 {without polymerizable surfactant) in the
other eye. The lenses were analyzed after a minimum
of one hour of weay for surface characteristics of
wettakility and surtface deposition. The weitability
rating scale was 0-4, where O was more than 2/3 of
the anterior lens surface unwetted by tear £ilm'and
4 represented complete (100%) wetting by tear £ilim.
The deposition scale was 0-4 where 0 represented no

gurface deposits and 4 was .multiple deposits of
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0.5 mm diametsér or larger. The results for the
lenses of Example 57 were wettability 3.2 and
deposits 1.0 compared to 2.0 and 1.6, respectivelx,

for the control lenses of Example 54.

B PLE &8

inical Ev ion of Exa e 61

Six subjects wore contact lenses of Example 61
{(prepared from the monomer mix of Example 50 and
containing the polymerizable surfactant of
Example 24) in both eves for a period of one hour
and the lenses were analyzed as in Example 67. The
results were wettability 3.2 and deposits 0.1 which
compares favorably to values'of 2.0 and 1.8,
respectively.for wettability and deposits for
control lenses of Example 54 (which contained no

polymerizable surfactant),
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EXAMEBLE &
linical aluation of o 86 0/50

Eight subjects wore one contact lens of Example
8¢ (prepared from the monomer mix of Example 45 and
containing the polymerizable surfactant of
Example 20) and one control contact lens, Example 54
(without polymerizable surfactant), in the other
eye. The lenses were analyzed as iﬁ Exanple 67
after a minimum of one hour of wear for surface
characteristics of wettability and surface
deposition. The results for the lenses of
Example 56 wefe wettability 2.6 and deposits 1.2
which compares faverably to values of 2.1 and 1,7,
respectively, for wettability and deposits for

control lenses of Example 54.

EXAMPLE 20

Qlinica} Eggluaﬁign of Example S8 _{80/20 NVPSAM)

Five subjects wore contact lenses of Example 58
(prepared from the monomer mix of Example 47 and

containing the pol}ﬁerizablé surfactant of
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Example 29) for a period of one hour and the lenses
were apalyzed as in Example €7. The resulté were
wettability 2.6 and deposits 1.4 which cempares
favorably to values of 2.0 and 1.6, respectively for_
wettability and deposits for control lenses of

Example 54.

EXAMPLE 71

ace Coating of Polvuretha nse

A solution of 0.1 mmol surface-active macromer
of Example 18, 0.007 g of neopentyl glycol
dimethacrylate and 0.0038 g of EME in 100 mL of
deoxygenated, distilled water was prepared by
stirring at room temperature for one heur. One
contact lens, prepared as described in Example 54,
was placed in a 10 mL lens vial and the vial was
filled with the solution under a nitrogen atmosphere
~ in a glove box. The vigl was sealed with a Terlen
liﬁed stopper and crimp seal, placed on its side and
irradiated with 25600 uW/cm2 of UV light for 2 hours.
The lens was removed from the vial, washed with
distilled water, extracted in ethanol fof 2 heurs

and boiled in distilled water for 2.5 hours. The
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lens was then sealed in a vial in buffered saline

solution.

EXAMPLE 72

Surface Coating of Polvurethane Contact Lenses

A solution of 0.1 mmol surface-active macromer
of Example 20, 0.01 g of neopentyl glycol
dimethacrylate and 0.003 g of BME in 100 mL of
- deoxygenated, distilled water was prepared by
stirring at room temperatufe for one hour. One
contact lens, prepared as described in Exémple 54,
was placed in a 10 mL lens vial and the vial was
filled with the solution under a nitrogen atmosphere
in a glove box. The vial was sealed with a Teflon
lined stopper and crimp seal, placed on its side and
irradiated with 2500 uW/em? of UV light for 2 hours.
The lens was removed from the vial, washed with
distilled water, extracied in ethanael for znhours
and boiled in distilled water for 2.5 hours. The
lens was then sealed in a vial in buffered saline

solution.
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EXAMPLE 73
Surface Coating of Bilicone (SIL-TRCH) Coptact
lenses

A solution of 0.1 mmol surface-active macromer
of Example 18, b.oo? g of neopentyl glycol
dimethacrylate and 0.003 g of BME in 100 nl of
deowygenated, distilled water was prepared by
stirring at room temperature for one hour. A SIL~
TECH silicone elastomer contact lens (available from
Bausch & Lombk Incerporated) was piaced in a 10 nL
lens vial and the vial was filled with.the sclution
under a nitrogen atmosphere in a glove box. The
vial was sealed with a Teflon lined stopper and
crimp seal, placed on its side and irradiated with
2500 uwycmz_of UV light for 2 hours. The lens was
removed from the vial, washed with distilled water,
extracted in 1:1 ethanol:isopropanol for 3 hours.
The lens was then sealed in a vial in buffered

saline solution.
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EXAMPLE 74

a is for surf ~Antive cromar at Cont ns
8 ac

on Angle

The contact angle of the surface cocated lenses
of Example 73 was measured and compared to an
untreated lens (control). The average contact angle
of three coated lenses was 38° versus 46° for the

control sample. °
EXAMPLE 75

Clinical Evaluation of Example 71

Five subjects wore one contact lens of
Example 71 and one control contact lens (the
uncoated lens of Example 54, without post treatment)
in the other eye. The lenses were analyzed after
one hour of wear for surface characteristice of
wettgbility and surface deposition as in Example 67.
The results were wettability 2.8 and deposits 1.2
which compares favorably to values of 1.0 and 1.8,
respectiﬁely for wettability and deposits for

control lenses of Example 54.
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What is claimed is:

1. A random copolymer prepared by copolymerizing
at least one ethylenically unsaﬁurated hydrephilic
monomer and at least one ethylenically'unsaturated
hydrophobic monomer in the presence of a functiocnal

chain transfer agent.

2. A random copeolymer described by the formula:
ClAyBy)

wherein A is at least one ethyleniéally unsaturated

hydrophilic monomer, B is at least one ethylenically

unsaturated hydrophobic monomer, C is a functicnal

chain transfer agent, y is within the range from

about 0.1 to about 0,9, and x + y = 1.

3, The copolymer of ¢laim 2 wherein the
ethylenically'unsaturated hydrophilic monomer, A, is
selectad.from the group econsisting of athylenically
unsaturated polycxyalkylenes, polyacrylamides,
polyvinylpyrrolidones, polyvinyl alcohels, poly
{HEMA) , and N-alkyl=N=-vinyl acgtamide.

laced .
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4. The copolymer of claim 3 Qherein the
ethylenically unsaturated hydrapnilic monomer, A, is
an ethylenically unsaturated polyoxyalkylene
selected from the group consisting of

(meth) acrylated polyoxyalkylenes, (meth)acrylamido
polyoxyalkylenes, styrenyl polyoxyalkylenes, alkenyl
polyox§a1kylahes, vinyl carbonate polyoxyalkylenes

and vinyl carbamate polyoxyalkylenes.

5. The copelymer of claim 4 wherein the

polyoxyalkylens is polyethylene oxide.

€. The copelymer of ¢laim 4 wherein the
ethylenically uﬁsaturated hydrephilic monomexr, A, is

(meth)acrylated pclyethjldne exide.

7. The copolymer of claim 4 wherein the
ethylenically unsaturated hydrophilic monomer, A, is

a methacrylate endcapped peoly-N-vinylpyrrolidinone.

8. The copolymeY of clain 4 wherein the
ethylenically unsaturated hydrophilic monomexr, A, is
a methacrylate endcapped poly-N,N-
dimethylacrylanide.

9. The copolymer of claim 2 wherein the
ethylenically unsaturated hydrophobic monemer, B, is

selected from the gruup consisting of alkyl
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(meth)asrylates, N-alkyl (meth)acrylamides, alkyl
vinylcarbonates, alkyl vinylcarbamates, fluoroalkyl
(meth)acr&lates, N~-fluorcalkyl (meth)acrylamjdes, N-
fluoroalkyl vinylcarbonates, N-fluoroalkyl
vinylcarbamates, siliéone—containing
(meth)acrylates, (meth)acrylamides, vinyl
carbonates, vinyl carbamates, styrenic.monomérs and

polyoxypropylene (meth)acrylates.

10. The copalymer of claim 9 wherein the styrenic
monomers are seiected from the group consisting of
etyrene, alpha=-methyl styrene, para-methyl styrene,
para-t=butyl monochlore styrene, and para=-t=butyl

dichlore styrene.

11. The copolymer of claim 2 wherein the
ethylenically unsaturated hydrophokic menomer, B, is

TRIS.

12. The copolymer of claim 2 wherein the
ethylenically unsaturated hydrophobic monomer, B, is

1~-H, 1-H, 5~-H-octarfluoropentyl methacrylate.

13. The ocopolymer of claim 2 wherein the functional
chain transfer agent} C, is selected fron the group
consisting of mercapto ¢arboxylic acids, mercapto

aleohels, and aminomercaptans;

e
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14. The copolymer of claim 2 wherein the functional

chain transfer agent, €, is thioglycolic acidg,

i5. The copolymer of claim 2 wherein the functional

chain transfer agent, €, is 2-mercaptoethanel.

16. The copolymer of claim 2 wherein the functional

chain transfer agent, €, is 2-aminoethane thiol,

~17. A surface-active macromer described by the

formula:
DC[AyBy]

vherein A is at least one ethyleniecally unsaturated
hydrophilic monomer, B is at least one ethylenically
unsaturated hydrophebic monomer, C is a functional
chain transfer agent, and D is an ethylenically

unsaturated end group.

18. The surface-active macromer of claim 17 wherein
A is selected from the group consisting of
ethylenically unsaturated polyoxyalkylenes,
pelyacrylamides, polyvinylpyrrolidones, polyvinyl
aleshols, poly (REHA) , and ﬂ-alkyi-n-vinyl, |

acetamide.

198. The surface-active macromer of claim 17 wherein
2 is an ethylenically unsaturated polyoxyalkylene

selected from the group consisting of
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(meth) acrylated polyoxyalkylenes, (meth)acrylamido
polyoxyalkylenes, styrenyl polyoxyalkylenes, alkenyl
polyoxyalkylenes, vinyl carbonate polyoxyalkylenes

and vinyl carbamate polyoxyalkylenes.

20. The surface-active macromer of claim 19 wherein

the polvoxyalkylene is peolyethylene oxide.

2. The surface-active macromer of claim 17 wherein

A is (meth)acrylated polyethylene oxide.

22, The surface~active macromer of claim 17 wherein
A is a methacrylate endcapped poly=N-

vinylpyrrolidinone.

23. The surface~active macromer of claim 17 wherein
A is a methacrylate endcapped poly-N,N-
dimethylacrylanide.

24. The surface—active macromer of claim 17 wherein
8 is melected from the group consisting of alkyl
(meth)ac:ylates; N-alkyl (meth)gqrylamides, alkyl
vinylcarbonates, alkyl vinylcarbamates, fluoroalkyl
(meth)acrylates, N-fluorocalkyl (meth)acrylamides, N-
fluoroalkyl vinylcarbonates, N-=fluoroalkyl
vinylcarbamates, silicone-centaining
(meth)acrylates, (meth)acrylamides, vinyl
carbonates, vinyl carbamates, styrenic monomers and

polyoxypropylene (meth)acrylates.
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25. The surface-actlve macromer of claim 24 wherein
the styrenzc monomers are selected from the group
consisting of styrene, alpha-methyl styrene, para-—
methyl styrene, para-t—butyl monochloro styrene, and

para-t-butyl dichloro styrene,

26. The surface-active macromer of claim 17 wherein

B is 1-H,1-H,5-H-octafluoropentyl methacrylate.

27. The surface-active macromer of claim 17 wherein
C iz selected from the group consisting of mercapto
carboxylic acids, mercapto alcohols, and

aninomercaptans.

28. The surface-active macromer of claim 17 wherein

C is thioglyecelic acid.

29. The surface-active macremer of claim 17 wherein

€ is 2-mercaptoethanol.

30. The surface-active macromer of claim 17 wherein

€ is Z2-aminoethane thinl.

31l. The surfacefactive macromey of claim 28 wherein
D is a (meth)acrylated hydroxy ester moiety derived
from glycidyl (meth)acrylate.

32. The surface-active macromer of ¢laim 2% wherein
D is a (meth)acrylated ester moiety derived from
(meth)acryloyl chloride. '
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33. The sutface-active macromer of claim 29 wherein
D is a (meth)acrylated urethane moiety derived from

(meth)acrylated isocyanate. .

34. The surface-active macromer of claim 29 wherein
D is a vinylcarbonate derived from vinyl

chloroformate.

35. The surface~-active macromer of claim 30 wherein
D is a (meth)acrylated amide moiety derived from

(meth)acryloyl chloride.

- 36. The surface—active macromer of alaim 30 wherein
D is a (meth)acrylated urea moiety derived from

{meth)acrylated isocyanate.

37. The surface-~active macromer of claim 30 wherein
D is a vinyl carbamate moiety derived from vin}l

chloroformate.
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