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BURJ'ACS-ACTXVE MAOBOMONCMERS 

The present invention is diracted to naterials 
Useful fOr modifying the surface~ Of $Olid materials 
and more particularly to poly.merizable surfactants. 

surface structure and composition determine 
many of the physical properties and ultimate uses of 
solid materials. Characteriatics such as wetting, 
friction, electrostatic charqinq, anQ adhesion are 
lar9ely influenced by surface char~et~istics. Of 
particular concern are the effects ot sugh surf aoe 

characteristics on biocompatibility. 'l'he alter~tion 
of surface characteristics is tb@refore of special 
5i9nificanc::e in biot.ec:hriical applications. I:mprQved 
methods are accordingly souqht for modifying solid 
surfaces, particularly the surfae~s of polymeric 
objects. 

Random, qrafted, poly.arized surfactants have 

:bean used to inodify the sur:faces of bydropbobie 
polymers by the adsorption of the surfactant onto 
the surfaces of polymeric objects from an aqueous 

dispersion. Lee, J .. H., ·Int.Arao;tions pf PEO• 

containing Polym~ric Surfaetants With Hydrgpbsll>ic 

surfa;as, The University of Utah (19BB)(hereinafter 
"Lee"). Lee--particularly concerned with reducing 
the absorption of blood ~lasma proteins on 
hydrophobic 6Urfaces--t~aches the synthesis of 

polymeric surf aetants DY random free radical 
copolyineriaation o~ a hydrophobic methacrylate 
(hexyl methacrylate or lau~l methacry.late) , a 
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hydrophilic: methacrylate (polyathylene oxida 
methacrylate), and methyl mathacrylate. 

Akashi, M., et al., "Graft Copolymers Having 
Hydrophobic Backbone and Hydrophilic Branches. IV. A 
Copolyinerization Study of water-soluble 
Oligovinylpyrrolidone Ma.cromonoiners," J, Palmer 
~ci.: Part A: polymer Chemistry, Vol. 27, pp. 3521-
3530 (l.989)(hereinafter "AJtashi") teaches 
amphiphiles prepared by random free radical 
copolymerization of carboxyl 9ro~p-terminated 
oligovinylpyrrolidone with methyl methacrylate or 
styrene. synthes~s of vinylphenyl-terminated and 
methacryloyl-tenninated oligovinylpyrrolidone 
macromono~er$ are described. 

PolYJDerizable surfaetants have »een used to 
moQify the properties of ~olymers in aqueous 
solution. For example, Schulz. et al., "copolymers 
of Acrylamide and Surfactant Macromonomers: 
synthesis ang Solution Properties," Polvmer, Vol. 
28, pp. 2110-211.s (Nov •• 1987)(hereinafter "Schulz") 
describes macro~onomer surf aotants wherein the 
surfactant ~haracter i~ achieved by the addition of 
a small hydrophobic functionality (e.g., 
nonylphenol) to a water-soluble polyethylene oxide 
chain. Related materials and •ethods are disclosed 
in U.S. Patent 4,075,411. 

Polymerizable surfactants have also been used 
to ~odify the surface properties of solids. One 
cl~ss of materials used for this purpose are lipids 
(non-~olymeric ~aterials) which are rendered 
pclymerizable by the addition of various 
functionalities such as methacrylate 9rcups 
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[Rinqsdorf, H., et al., "Hydrophilic Spacer Groups 
in Polyinerizable Lipids: Formation of Bio~~mbrane 
Models form Bulk Polymerized Lipids," ;J. Am· Chem. 
Soc., Vol. 107, pp. 4134-4141 (1985)) and various 

vinyl groups [RingsClorf, H., et al., "Saturated and 
Polymerieable Amphiphiles with Fluoro~arbon Chains. 
Investiqation in Monolayers and Liposo:mas," J. Am. 
'beJU. Soc., Vol. 106, pp. 7687-76'2 (1984)]. These 
polYJ11erizable 1ipid surfactants have been uaed to 
prepare liposomes used in the formation and 
stabilization of bio•eml:arane modela (often referred 
to as polymeric liposomas). 

Polyfunctional polymerizable Aurfactants have 
also been used in ooatinqs to modity the aurface 
properties of polymeric obje~tA~ European Patent 
Publication No. 153,l'JJ (h~reina.fter "Regen")• 
Preferred polymerizable surfactants taught by Reqen 
are polyfunctional lipids. Regen teaches that 
~onofunctional polymerizapl~ surfactants are 

. inef f eotive for modifying surfaces of polymerig 
objects. Other polyfunetionai polymerizable 
surfactants are disclosed in u.s. Patent No. 
3,541,138. 

An object of Regen was to overcome the 
limitations o~ Langmuir-Blodgett processes, 
especially when applied to more complex surface 
topographies. Polymeriz~bla surfactants have of 
course been employeg in Langmuir-Blodgett films. 
These multilayer surt~ctant asse~lies are explgitea 
in •icrolithoqrapny and other opto-electronic 
syste~s. Fendler, 3.H., "Polymerized Monolayers 
from a Styrene Functioraaliz~d surfactant," Colloid§ 
~nd surfa~es, Vol. 35, pp. 343-351 (1989). 
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Contact lenses are conventionally produced by 
one of three general teehniques--lathingr·St~tio 

casting, and spin castin9. Coml:>inations ar~ also 

known. For example, se~i-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 easting.have 
the advantage of producing lenses With fewer 
processing steps than lathing. In either of the 

molaing techniques, the anterior and posterior 
surfaees Of the lens may be fOtin~d in one step. 
static casting does this by providing two mold 
surfaces; spin casting does thiA by providing' a mold 

sttrface to form the anterior surface and by usin9 
the forces qanerated by spinning liquid •onomer to 
fonn the posterior surface. 

One. of the challenqes faced when producing 
lenses by molding is achieving release of the len~es 
from the molds without damaqinq the lens surfa~es. 
The phenomenon of lens adherence is a consequence of 
chemical interactions between mold surf aces and 
~onomer mixtures durinq polYJDe~ization. Among the 
proposals to meet this challenge is U.S. Patent 

4,534,916, which teaches aadinq (nonpolymerizable) 
surfactants to the monomer mix. The aurfaotant 
addition is reported to improve the surface quality 
of 1enses by decreasin9 the number of surf ace 

defects resultin~ from mold release (especially of 

xerogel lenses). 

The '916 patent seeks improved surface quality 
by reducing lens damage during dewolding. Others 
have sought to improve surface quality more 
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direct.ly--by surface modifications. For example, 

u.s. 4,546 1 123 teaches covalent atta~hment of 

(nonpolymerizable) surfactant molecules to a 

hydrogel lens surface. 

The macromonomer technique for preparing qraft 

copolytners of controlltllld architecture is vell known. 

Maoromonomers or macromers are polymers of molecular 

weight ranqing from the hundreds to tens of 

thousands, with one of the end ~roups functio~alized 

to enter into furtber polymerization. Milkovich, 

Chiang and Schultz demonstrated the synthesis and 

applications ~f a variety of m~cromers. 

~. Milkovich, M.T. Chiang, u.s. Patent No. 3,842,050 

(1974): Schultz, G.o. and Milkovich, R., ~-Asp. 

Polym. Sci., .2.]., 4773 (1982); Schultz, c. o. & 

Milkovich, R. / .), PolYJP. Soi. Polvm. Cham. Ed. 1 ,i1.1 

1633 (1984). 

Ya:mashi-c:.a, Yd "Synthesis and Applieation of 

fluorine containing Graftcopolymers, 11 Polvner Bull., 

2, 335-340 (1981); nsynthesis and ·characterization 

ot FU.notional Graft Copolymers by Macromonomer 

TQChnique••, ;r. ADpl, Polvm. Sci., li, 193-199 

(1981)1 "Synthesis of N-Hydroxyetbyl-N­

Methylmethacrylallide and Its Use in the Macromonomer 

Synthesis 1t, J. Polvm. Sci. , Polw. LattU,1 -Ed., ll, 

629-636 (1981); (hereinafter •Yamashita") teaches a 

~ethod o~ making macrOJDers and the use of macromers 

to make qraft copolYJDers. Yamashita used free 

radical polYJnerization ~n the presence of an 

effective chain.transfer agent which controlled the 

~olacular weight of the final macro•er and also 

provided a functional end qroup. Thioqlycolic aoid, 

for *~ample, is an effective chain transfer agent 
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which provides a carboxylic ~cid functional end 
group. The end group can subsequently be reacted 

with, e.9., glycidyl methacrylate to give a terminal 

methacrylate polyme~izable ~roup. Yamashita uaed 

macromers of MM.A to prepare graft copolymers of 
fluoroalkyl acrylates with polyMMA.grafts. 
Yalllashita does no~ teach ~he synthesis of 

polymeriiable surfactants by·the macromonomer 
technique. 

StooqRY 01' TD lWENlJ.'ION 

A new class of polymerizagle surfactants has 

now Qeen found that Dodify the surface propertie$ of 

a polymeric object. The polymerizable surfactants 

are novel surface active maero~onomers described by 

the formula: 
DC[AxByl 

wherein A is at least one ethylenieally unsaturated 

hydrophilic monomer, S ia at least one ethylenically 

unsaturated hydrophobio 11\0nomer, c is a functional 

chain transf~r agent, D is an ethylenically 
unsaturated end group, y is within the range fro~ 

about 0.1 tc 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 
~lass of random copolymers pr•~ared by 

copolymerizinq at 1~ast one ethylenically 

unsaturated hydrophobic monomer and at le~st one 
ethylenically unsaturated hydrophilic monomer in the 

presence of a functional chain transfer agent. 

This Sheet Has B 

1811 i/Dlb<ed 

... ··~-------"·--------~-"-·'-•--=-=-· .... 
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Pref erred copolymers may be described by the 

forinula: 

C[AxByJ 
whe~ein A is at least one ethylenically unsaturated 
hydrophilic monomer, B is at least one ethylenical~y 
unsaturated hydrophobie·monomar, c is a functional 
chain transfer aqent, y is within the range of about 

0.1 to about 0.9, and x + y • 1. These random· 

. copolymers may be used tQ prepare the novel surf ace 

active ~acromono•ars of this invention by addinq an 
ethylenically unsaturated end group to the novel 
random copolymers. 

DB~~ILEP PESCR~P'J.'IOI or THE ?NVERTION 

Notations such as "(meth)acrylate" or 
*'(met.h)acrylamide" a.re used herein to denote 
optional methyl su.bstituticn. ~hus, methyl 
(metb)acrylate includes both methyl acrylate and· 

methyl methacrylate and N-alkyl (meth)acrylamide 

inclu~es both N-alkyl a=rylamide and N•alkyl 
met.hacrylamiae. 

~he novel random copolymers of this invention 
can be.prepared by copOlY11lerizin9 at least one 
ethy1enically unsaturated hydrophobie monomer and at 
least one etbylenically unsatureted hydrophilic 
monomer in the presence of a functional chain 
transfer a9~"tA Prefe~red copolymers may oe 
de~~ribed by the formula: 

C[Ax'.ByJ . 
wherein A is at least one ethylenically unsaturated 
hydrophilic •onomer, B is at least one ethylanically 

unsaturated hydropho~ic monOlller, c i~ a functional 
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chain transfer a~ent, y is withi~ th• rangA of about 
0.1 to about 0.9, and x ~ y = 1. 

Suitable ethylenically unsaturated hydrophili~ 
monomers ("A" i1'l the above formula) include 
ethylenically unsaturated pclyoxyalky1enes, 
polyaerylalD.ides, pol~inylpyrralidones, polyvinyl 
alcohols, poly (hyd.roxyethyl methacrylate) or poly 
(HEMA), and. N-e1kyl-N-vinyl acata11iides.; E'thylenic 
unsaturation may ~e provided by (me1:h)acrylate, 
(me1:h)acrylamide, styrenyl., alkenyl., vinyl carbonate 
and viny1 carbamate qroups. Preferred hydrophilic 
macromonomers include •ethoxypolyoxyethylene 
methacrylates of _molecular weiqhts frOJll 200 to 
10,000, more preferred are methoxypolyoxyethy1ene 
•e~acry1ates of molecular weight ~ange o~ 200 to 

5,ooo and lllost preferred are methoxypolyoxyethylene 
methacrylates of molecular weight range of 400 to 
s,ooo. Additional preferred hydrophilic 
111acro•onomers include poly-N-vinyl.~olidone 
:methacrylates of molecular weiqhts of 500 to io,ooo. 
More preferTed a%'e poly-N-vinylpyrrolidone 
methaorylates of molecular weiqhts o~ 500 to s,ooo 
and most preferred are poly-N-vinylpyrroiidone 
tnethacrylates of lD.olec:ular weights of 1000 to s,ooo. 
oth~r prafe~ed bydro~hilic mai::ramonomers include 
poly-NrN-dimethyl acryl.amide methacryla~es of 
moiecular weights of 500 to 10,000. Kare preferred 
are poly-N,N-dililethyl acrylamide methacrylates of 
l!lol.ecular veights of 500 to 5,ooo and most preferred 
are ~cly•N,N-dimethyi aoryla111ide •ethacrylates of 
molecular weight$ of 2000 to 5,ooo. 

suitab1e ethylenically unsaturated hydrophobic 
monODlers ("B" in the above fo:t11Ulla) include alkyl 

THIS SHEET Hr ... s BEEN 
REPLACED 
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(~eth)a~rylates, N-alkyl (~eth)aerylamides, alkyl 

vinylc~rbonates, alxyl vinylcarballlates, fluoroalkyl 

(111eth)acrylates, N-fluoroalkyl (meth)acrylamiaes, N­

fluoroalkyl vinylearbonates, N-fluoroalkyl 

vinylcarba=ates, siliQone~oontai~ing 
(meth)aorylates, (meth)acrylamides, vinyl 
carbonates, ~inyl carbamates, styrenie mono•ers 
[selected from the qroup consisting of styrene, 

alpha•methyl styrene, para-methyl styrene, para-t­
butyl ~onochloro styrene, and para-t-butyl dichloro 

styrene] and polyoxypropylene (meth)acrylat~s. 

Pref erred hyaropho~ic ~onomers include methyl 

methacrylate, dodecyl m$thacxylate, octafluoropentyl 

111ethacry1ate, perfluorooctyl methaerylate, 

methacryoy~ oxypropyl tris(trimethylsiloxy)silane 
(TRIS) • 

The functional chain transfer agent c11 c•• in the 
above formula) controls the molecular weight of the 

copolymer and provides appropriate functionality for 

sU})saquent addition of a polymerizable qroup. 

suitable functional chain transfer a9ents include 
mercapto carboxylic a~ids, •ereapto alcohols (also 
known as hydroxymercaptans), and aminomercaptans. 

Preferred ehain transfer agents include t:hi09lycolic 

acid, 2-mercaptoethanol and 2-aminoetbane thiol. 
The molar ratio of chain transfer agent to total 

monomer content used in the copolymerization is 
preferably in the range of 0.01 to 3, mor~ 

prefarably in the range of o.02 to 2, and still mare 
preferably in the range of o.os to l. 

The novel surface active aacromonomers of this 

invention are described by the formula! 
DC[Ax'By) 
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wherein A, B, c, x and y are as described above and 
D is an ethylenically unsaturated end qroup. 

Selection of the ethylenically unsaturated end 
group ("D" in the above for211ula) is determined l:Jy 

the functional group of the functional chain 
transfer agent. For exa~ple, if the chain transfer 
agent contains a oarPoxyli~ ~oid group, glyoidyl 
methacrylatQ can provide a ~ethae.rylate end group. 
If the chain transfer agent contains hydroxy or 
amino functionality, isocyanato ethyl methaorylate 
or (~&th)acryloyl chlorige can provide a 
methacrylate end qroup and vinyl chloro formate can 
provide a vinyl end 9roup. A wide variety of 
suitable combinations of ethylenically unsaturatad 
ena groups and functional chain transfer agents will 
be apparent to those skilled in the art. The 
foreqQinq is intended to be illustrative, not 
liiniting. 

Varying the ratio of hydrophilic monomer ~o 
hydrophobic monomer ~banges tbe surface properties 
of polymeric objeet.s made from the surface active 
~aoromers. For example, when preparing conta~t 
_lenses containing certain surface active macromers 
of this inventi.on, it bas been found that higher 
amounts of hydrophilic component optimized ~old 
release characteristics of the lenses ~ut that 
optimwu clinical performance was obtained with a 
relatively lower amount of hydrophilic component. 
Accordingly, the selection of a particular ratio 
will be qovernad. by the particular surface 
properties ultimately sought for the polymeric 
object. Generally, however, y is preferably in the 

range from about O.l to about 0.9, more preferably 

THIS SHEET H/\S CEEN 
FiEPLACED 
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in the range from about o.3 to about 0.9, and still 

more preferably in the range from about 0.5 to about 

o.e. 

The random copolymers of this invention are 
formed by a free radical mechanism using a wide 
variety of known free radical catalysts such as the 

diacyl peroxides (•.q., benzoyl peroxide)1 dialkyl 

peroxides (e.9., di-tert-buty~ peroxides): ketone 

peroxides (e.9., methylethyl ketone peroxide); and 

peresters which readily hydrolyze (e.g., tert-butyl 

peracetate, tert-butyl perbenzoate, di-tert.-butyl 

diperp~th~lat~). A particularly useful class of 

peroxy initiator~ are the organic hydroperaxides 

such as cwn~ne hydroperoxide, mathylethyl ketone 

hydroperoxide, tert•butyl hydroperoxide, etc. The 

initi•tors should be U$ed at a eonoentration of 

about 0.01 to al:>out 10 % by weight of the total 

formul~tion, preferably about O~l to about S %. 

Another class of initiators comprise$ oarbonyl­

eontaining ultraviolet-activated free radical 

g•nerators, such as acetopbenone, benzophenone, and 

ben2oin ethers. Other suit~le UV initiators and 
initiator mixtures will be apparent to one of 

ordinary skill in the art. 

solvents can be used in the process. Solvent 
Choice will depend upon the solubility parameters of 

th~ ccmono~ers used and should be chosen to allow 

full solubilization of all polymerizate components. 

Preferred solvents include tetrahyarofuran, dioxane, 
ehlorotonn, dichlorom.ethane, methanol and mixtures 

of thase solvents. 
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The surface-~ctive macro~ers of this invention 
may be used to moQify the surfaoes of polymeric 
objects in two ways. In the first, the surfaee­
active macromer is added to the monomer mix used to 
form the polymeric object. In the second, the 
polymeric objeot is i111J11.ersed in an aqueous 
dispersion of th~ surface-active maeromer, a cross­
linkinq agent, and a free radical initiator and the 
immersion is exposed to ultraviolet light to fona a 
permanent, cross-linked surface coating on the 
obje~t. Illustrations of these teohniques are shown 
in the Examples of this application. 

The polymeric objects whose surf aces may be 
~odif ied by these techniques include polymers havin9 
a wide variety of compositions and shapes. 
Polymerie objects of particular oonce:rn in th* 

developJnent of this invention were contact lenses 
and the particular surface moaif ication sought was 
to increase surface wettability without sacrificing 
otherwise beneficial bulk properties of the. 
polymeric material (especially oxygen permeability). 
Althou9h the utili~y of the macromonomers of this 
invention will be further illustrat•d by referring 
particularly to their incorporation into contact 

len•es, .it will ~· understooa that the utility of. 
the maoromonomers of this invention is not so 
limited. 

One class of contact lenses whose surface 211ay 
be usefully modified by the macro~onomers of this 
invention are soft hydrogel lens*s. Conventional 
mono~er syste~s for such lenses elllploy a hydrophilic 
monoolefinic mon~mer (i.e., .a mono•thylenically 
unsaturated ~onomer) and a polyolef inic (usually 

" 
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diolefinic) monomer (e.q., ~ polyethylenioally 

unsaturated pompound which fu"ctions ~s a cross­
linking agent) in an amount sufficient to 
insolubilize the resulting hydrophilic hydrogel bu~ 

insufficient to destroy the hydrophilic properties. 
Mixtures of hydrophilic monoolef inie monomers are 
used as well as mixtures cf gr0Gs-linkin9 Aqents. 
Other aonomers which are copolymerizable with the 
hydrophilic monomer are also used to adjust various 
·prop~rties of the polymeric material, as is well 

Jcnown in the art. 

Illustrative hydropbilic monomers include water 
soluble monoesters of (aeth)acrylic acid with an 
alcohol having an esterif iable hydroxyl group and at 
least one additional hydroxyl group such as the 
•ono~ and poly-alkylene glycol iuono~sters of 
(meth)acrylio ~cid, e.g., ethylene qlycol 
mono(meth)acrylate, diethylene qlyool 
mono(meth)acrylate, propylene qlyool 
mono(meth)ilorylate, dipropylene 9lycol 
mono(meth)aorylate, and the like; the N~alkyl and 
N,N-aialkyl substituted (meth)aorylamides such as N-
111~thyl ~<meth>°e.cey1amicie, N,N-dimethyl 
(meth)acrylainide, and the liker N-vinylpyrrclidone 
and the alkyl substituted N-vinyl pyrrolidones: 
glycidyl (aetb)aerylates: the unsaturated amine&: 

t.he alkoxy ethyl acrylates: mixtures 'thereof r and 
others knoWn to the art. 

Illustrative di· or hiqher polyfunctional 
species employed as cross-linkinq agents are 
divin~lbenzene, ethylene qlycol di(meth)acrylate, 
propylene glycol di(meth)aerylate, and the 
(meth)acrylate esters of polyols such as 
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triethanolamine, glycerol, pentaerythritol, butylene 
9lycol, diethylene glycol, triethylene q1yool, 

tetraethylene glycol, mannitol, ~nd sorbitol. 
Further illustrations include N,N-methyiene-bis­
(meth)aoryla~ide, sulfonated divinylbenzene, and 

divinylsulfone. 

Illustrative of other copolymerizable mon01D.ers 
are hydrophobic (meth)a~rylic esters su~h as alkyl 
(meth)acrylates wherein the alkyl moiety contains l­
s carbon atoms.. 

While scft, hydrophilic, gel-type lenses may be 
modified by the maoromonomers of this invention, of 
greater interest ·is the modif ieation of lenses 
prepared fro~ a formulation including at least one 
silicone monomer and at least one hydrophilic 
~ono~er. Included in this class of materials are 
soft contact lens formulations (both bydroqel and 
nonhydroqel) and rigid gas permeable eontact lens 
form.ulations. 

Pref erred soft hydrogel formulation• are those 

described in u.s. Patent Applieation Serial Nos. 

07/363,662 filed June 7, 1989 and 07/364,204 filed 

May 2, 1989, the entire dontents of which are 

incorporated herein by reference. Other examples of 

useable formulations are found in U.S. Patent 

Nos. 4 1 136,2501 4,740,5J3: 4,711,943; 4,-1S9,546r and 

4,,153,641. 
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one type of presently preferred hydrogel 

formulations incorporate urethane prepolymers of t.he 

qeneral formula: 

where 

E(*D*A*O*G)a*O*A*D*E' or 

E(~D~G*D•A)a*D*G*D*E' 

A denotes ·a divalent polymeric radical 

represented by the general formula chosen from the 

group of 

- (CH2)1-4(~:_) _ ~:-(CH2Ji-4-
. Rs fa Rs 

wherein n8 denotes an alkyl radical or a short chain 

fluorinated alkyl radical with l to 

3 carbon atoms1 a~d 

p provides a ~oiety weiqht Of 400 to lO,ooo: 

D denotAs an alkyl diradic~l, an alkyl 

oycloa.lkyl d.irad.ical, a eycloalkyl 

airadic~l, an alkylaryl diradical or an 

aryl diradical, with 6 to 30 carbon atoms; 

G denotGs an alkyl diradical, a cycloalkyl 

diradical, an alkyl c;:ycloalkyl diradical, 

a~ aromatic qiradioal or an. alkylaromatio 

diradiQal with 1 to 40 carbon atoms Which 
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may have ether, thio, or amine linkages in 

the l!lain chain1 

* denotes a urethane or ureido linkaqe: and 

E and E' denote polymerizable unsaturated 

orqanic radicals represented ~y the 

general chemioal f armula 

R2 
I 

R3CH=C (CH2lw (X)x (Z)z (Ar)y-R1-

wherein R1 denotes a divalent alkylene radical with 

l to 10 carbon atoms: 

'30 

R 2 denotes a -H or -cH3 radical; 

R3 denotes a·-H radical Qr an alkyl radical· 

with l to 

0 
fl 

6 carbon atoins or a -CY-R4 radii;al where 

Y is -o-, -s- or -NH- and R4 denotes 

an alkyl radical· with l to 

12 carbon atoms; 

0 0 
u (I 

x denotes -c-, or -o-c-: 

z denotes -o-, -s-, or -NH-1 

Ar denot~& an aromatic raClieal with 6 to 

carbon atoJnSJ 

a 1.S. at least 11 

. 
0 t:o 6; w l.S 

x is 0 Ol"' 1; 
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The isocyanates which can be used in preparation 

of these urethane prepolymers include toluene 

diisoeyanate,. 4,4'-diphenyl diisocyanate, .4,4'­

diphanylene methane diisocyanate, p-phenylene 

diisocyanate, dianisidine diisooyanate, l,S 

napthalene diisocyanate, 4 1 4'-diphenyl ether 

diisocyanate, 4,4'(dioyclohexyl)methane 

diisooyanate, l, 3-bi.s- ( isoc:yanato 

methyl)cyelohexane, eyclohexane diisoeyanato, 

tetrachlorophenylene diisooyanate, isophorone 

diisocyanate, and 3,S-diethyl-4,4'-diisocyanato 

diphenyl ~ethane. 

Other diisocyanates Which may be used are higher 

molecular weight diisocyanates formed by reacting 

polyamines which are terminaliy capped with primary 

or secondary amines, or polyhydric alcohols with 

excess of any of the above aescribed diisocyanates. 

In general, these high •olecular weight 

diisoeyanates will have the general formula 

Ho 
I II 

[O=C=N-R-N-C-XJ2-B . 
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wherein R is a divalent orqanic radical with 2 to 

a~out 20 carbon atoms, X is -o-, or -NR'-, where R 

is -H or a lower alkyl, and B is a dival9nt organic 

radical. 

The diisocyanate is reacted ~ith low molecular 

weight diols or glycol• such as 2,2-(4,4' 

dihydroxy~iphenyl}-propane (bi~phenol-A) i 4,4'-iso­

propylidine dicyclohexanol (hydroqenatad biphenol­

A) : ethoxylated bisphenol-A; propoxylated Pisphenol­

A; 2,2-(4,4'-dihydroxydiphenyl)-pentane: a 1 6'•(4,4 1 -

dihydroxydiphenyl)-p-diisopropyl ben2ene1 l,3 

cyclohexane diol: 1,4-oyclohexane diol: 1,4-

~yolohexane dimethanol: bieyclic and tricyclic diols 

such as 4,8-bis-(hydraxymethyl)-tricyclo 

[S.2.1.02
1
63 decane, neopentyl glycol, l,4 

butanediol, 1,3-propanediol, 1,5-pentanediol, 

diethylene 9lyool, triethylene glycol and the like. 

"These hard segments forsn har6 domains in the 

final polyme~ or copolymer by assoQiation via 

hydrogen bonding ~ith other rigid segments. The 

degree of association within 'the hard dom~in Qan be 

modified by controlling the amount of hydrogen 

bonding between the seg?nents by either l) decreasing 
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the overall weight content of the bard segment in 

the prepolymer by increasinq the aoleoular weight of 

the soft Se9"Jllent or 2) by decreasing the amount of 

hydrogen bonding density in the hard seqment by 

either U$in~ relatively soft, longer chained diols, 

or by using primary amines or secondary ainines 

capped low molecular weight ~ompounds in .ocnjunction 

with the diisocyanates rather than the diols-

The hard Se9lJlents are then reacted with a 

relatively high molecular weight polymer which is 

o,~- enacappeo with two active hydroqens, usually 

hydroxyl groups. These se9l'nents form the so-called 

aoft segJnent of the prepolymer. Vario~s types of 

high ~olecular wei9ht polymers can be used includin9 

in qeneral polymers of the followin9 formulae 

b) HO (CHa) (llpO)m (CH2} OH: and 

RS p,S 

' j 

0) HO (CH2)1•4 Si•O Si - (CH2)1-4 OH 

's Is 
R m R 
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Formula~ a) represents polyoxyalkylene9lycols. 

These diols include polymers prepared from the 

~poxides: ethylene oxide 1,2-propylene oxide, 1,2-

butylene oxide, 2,2 epoxydecane, 1,2-epoxyoctane, 
. . 

2,3-epoxy norborane, l,2-epoxy-3-ethoxy propane, 

2,2-epoxy-3-phenoxypropane, 2,3-epoxyprapyl-4-

JDethoxy phenyl ether, tetrahydrofluran, l,2-epoxy-3-

cyclohexyloxy propane, oxetane, l,2-epoxy-5-hexene, 

l. 2-epoxyethylbenzene, 1, 2-e-poxy-1-methoxy-2-

~ethylpropane, benzyloxy propylene oxide, the like 

and combinations thereof. 

The pref erred polymers cf this class are 

polypropylene qlycols of •olecular weights, 2000, 

3000 and 4000 and more and polyoxyethyl~ne 

polyoxypropylene block copolymers with molecular 

weiqht greater than 2000w 

Formulae b) represents polyfluoro•'Chars with 

ei,'"'- active hycl.roge'ns. This class of polymers can 

be synthesized as taught in u.s. Paten~ No. 

3,8lO.S?4~ Generally, th*~e polymers should have 

molecular weights between 400 and io,ooo. 

Formulae c) represents .cr,c,,) ... dihyd.roxyl alkyl 

endblocked polysiloxane which tor tbe purpose of the 
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present invention should have a ~olecular weight in 

the range of 400 to 10,000. Thase polysiloxanes can 

be synthesized by ·reacting a disiloxane of the 

general formula 

Cff 3 CH3 
f I 
Si-O•Si (CH2)1-4 OH 
l I 
CH3 CH3 

with cyclopolydimethyl siloxane under acidic 

conditions. 

Alternately, the disiloxane can be replaced with 

dimethoxydimethylsilane or diethoxy dimethyl silane 

to produce the c,w- dihydroxy endcapped 

polysiloxanes. 

The endcapping l!lonomers used in the prepolymer 

are generally represented by.the fotmula 

!t2 
I 

R3CH=C (CH3)w (X)x (Z)z (Ar)y -R1-

as defined suprar The stage B reaction product is 

reaeted with an exc~ss of suitable acrylate or 

~ethacrylate esters containing a hydroxy or amine 

• 
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group on the non-acr~lat~ or non-~ethacrylate 

portion of the ~onom~r to f onn the endcaps of the 

above formula. suitable endcap monomers include 

hydroxyetbyl acrylate, hydro)Cyethyl methacrylate, 

aminoethyl methaerylate, 3 hydroxypropyl 

methacrylate, amino propyl methacrylate, 

hydrox}'hexylacryl~te, t-butyla~inoethyl 

methacrylate, monoaerylate or mono~ethac:r:ylate 

esters of bisphenol-A and/or bisphenol-8. 

The u~ethane prepolymers are formed by two 

general syntheti~ approaches. One approach produoes 

the hard-soft-hara prepo1ymer while the second 

approach produces the soft-hard-soft prepolymer. 

The sche~e used to produce hard-soft-hard 

urethane prepolymer employed thr~e stages. In the 

first stage (STAGE A) 2 mol.e eq\i_ivalents of 

diisooyanate are reacted with about l mole 

egui"-1'a.lent low molecular weight diols. If these 

diols are represented by the s)'lllbol •G•, where • 

denotes a hydroxyl radical and G repre$•nts the rest 

of the diol co~pound, and the diisooyanate 

funetional c01npound is represented by •D• where • 

represents an isocyanate radical, the STAGE A 
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reaction can be schematically represented as 

follows: 

where ~ denotes a urethane or a ureido linkage. 

STAGE A produc::as. a so-call2d "Hard" iseglllent. As is 

known to those skilled in polymer chemistry, .the 

produot •D•C*D• is the ~athematical average of all 

reaction product moleou1es. The reaction product of 

the actual reaction will contain •O• and 

•D(*G*D)e*G*D with e~2. Aqain, the formulas are 

numerical averages. 

STAGE B involves reacting about one half mole 

equivalent ef a ~,~- diol endcapped long chain. 

polymer With the reaction product of STAGE A. If 

•A• repre&ents the lon; chain diol the STAGE B 

Reaetion is 

In STAGE c, the reaction product fro~ STAGE B is 

reaeted with a molar excess of ~n endcappinq monomer 

Which hasi 1) hydroxyl or amine functionality; and 

2) some polymerizable unsaturation. If the 
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endcapper is represented by the symbQl Et, where • 

is -OH or -NH2 or -NH-, the reaction proceeds 

generally as 

Optionally, STACE B can be nm wi'th molar excess 

of •A• to produce multiblock polymers of the qeneral 

formula •{D•G•D•A)a*D*G*D• where a is at least i. 

This reaction product would be endcapped in STAGE c 

above. 

The second 9enaral synthetic scheme usinq the 

same nomenclature des~ribed is represented by the 

following general formulae: 

,l'l'AGE A 

2 • D • + tAt , 

STAGE B 

; 

.· 
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STAGE C 

In 9eneral, each of the reaction stages is run until 

the reactive step is oo~plete. Rea~tion proqress in 

STAGES A ana 8 reactants can be monitored by acid 

base titration. The isocyanate content was 

calculated by the difference of acid equivalents 

between a stock solution dibutylamine and its 

rea~tion product with the diisoeyanate reaction 

intermediate. ~he reaction ~as also monitored by 

ATR-IR for the appearance/disappearance of peaks at 

1700 cm-1 , which indicated the presence of 

.o 
II 

-c-, and 2250 cm-1 which indicated conswnption cf -

N=C=o. 

The synthesis of th~ prepolymer may be run neat 

or in solution. A wide ranqe of ·aprotic solvents 

can be used to synthesize the prepolymers of the 

present invention. Solve~ts useful in the synthesis 

include toluene, ~ethylene, chloride, ~enzene, 

cyclohexane, hexane, heptane and the like. 

PreferreB solvents a~e toluene, methylene chloride 

and mixtures thereof. 
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Reaction Qf the prepolYJner precursors may be 

accomplished in the presence or absence of catalysts 

for urethane reactions, such cataly•ts being well 

known in the art. The first step of prepolymer 

synthesis where diisocyanate is first reacted wit.h a 

snort carbon chain (2 to 30 carbon atoms) diol, 

particularly where an aromatic diisocyanate is used, 

proceeds very rapidly, even in the absen~e of any 

catalyst. In fact, during ·the step of reactin9 

diisocyanate and $hort chain diol, temperature 

control may be required in order to avoid/minimize 

side reactions. 

Preferably, the ~irst step of prepolymer 

synthesis in accordance with the present invention 

is carried out below about ioo•c, most suitably 

Within the range of from about 60•c to about go·c. 

Thereafter, the second stap of the rea~tion is 

Qarried out at comparable temperatures, pr~ferably 

within the ranqe of frOlll a]:)out 4o•c to 7o•c. The 

final step of prepolymar formation suitably is 

effected at temperatures of from about room 

temperature to about 1oo•c, with a narrow range of 

from about 4o•c to about so•c being •ost preferred. 

As will be apparent to those skilled in the art, 
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optimal reaction conditions, such as temperatures 

and duration, are selected for each individu~l 

reaction system to achieye.conditions that produce a 

favorable rate of reactioh without fostering 

undesirable side reactions. 

Among the suitable ~atalysts for use in 

prepolYJner for?nation are tin salts and organi~ tin 

esters, such as dihutyl tin dilaurate, tertiary 

amines, such as triethyl diamine and other 

recoqnized catalysts, such as l,4•diaza (2.2.2)­

bicyclooctane (DABCO). 

These silicone-containing ureth~ne prepolymers 

may h* oopolymerized with a wide variety of 

hydrophilic monomers to produce soft hydrogel 

contact lenses. Hyarophilic monomers suitable for 

this use include 2-hydrc>cyethylmethacrylate, N-vinyl 

pyrrolidon~, (meth)acrylamide, vinyl acetamide, and 

other ~thylenically unsaturated hydrophilic 

monomars. Further comonomers may also be added to 

enhance w~ttin9 or to modify other properties as is 

qenerally known to those skilled in the art. 

An.other presently preferred hydrogel 

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

general formula: 

where~n X denotes an -o-, -s-, or -NR3-

divalent radical; 

Rsi denotes a silicone containinq o~anic 

radical; 

R2 denotes -H or -CH3; 

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

l:I is o or 1. 

Suitable silicone-~ontaining organic radicals 

(Rsi) include the following; · 

-(CH2)n Si LJCH2hnCHiJ3; 

-(CH2) n Si (OSi (!,CH2) mCH!} 3) 3 1 
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Rl Rl· 
f I 

-(CH2)n Si-o - Si- Rel 
' I Rl Rl 

d 

where Rl denotes a monovalent orqanie radical such 

an an alkyl radical with l to 6 carbon ato~s, or a 

fluoroalkyl radical with 1 to 6 carbon atoms; 

Rel denotes 

-(CH2)p-O-C-CH=CH2 

p is l to 61 and 

d is 1-200, and 

where n is 1, 2, J, or 4 1 and m is o, 1, 2, 3, 4, or 

s. 

The silicone-containing vinyl 

carhonate/carQamate monomers specifically include 

.J-(tris (trimethylsiloxy) silyl]propyl vinyl 

carbonate1 

1,3-bist4-(vinyloxycarbonyloxy)but-l-yl]tetramethyl­

disiloxane; 3-(trimethylsilyl)propyl vinyl 

carbonate; t-butyldimetby1siloxyethyl vinyl 

carbonate1 trimethyl-silylmethyl vinyl carbonate; 

trimethylsilylethyl vinyl carbonate; 

2,2,2-trifluoroethyl vinyl earbonate; t-butyl vinyl 

carbonat~: 3-[tris(trimethylsiloxy)silyl] propyl 
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vinyl carbonate; 2,2,2-trifluorcethyl vinyl 

carbamate; 1,1,1,3,3,3-hexafluoro-2•propyl vinyl 

carbonate: 

3-(vinyloxycarbonylthio)propyl•[tris(trimethylsiloxy 

) silcme] ;. 3-[tris-(trim~thylsiloxy)silyl_Jpropyl 

vinyl oarba~ate; RV2D25", 

2,2,2-trifluoro-1-phenylethyl ~inyl carbonate: 

1-adamantane vinyl carbonate, l•adamantanethyl vinyl 

carbonate, 1-adamantaneethyl vinyl carbonate1 and 

1-adamantane vinyl ·Carbamate. 

Pref erred nonhydro9el soft contact lens 

formulations are Dixtures of polymerizable 

.polysiloxanes containin9 fluorinated side chains and 

internal wettin9 a9ants. · Further components such as 

toughening agents, erosslinking .agents, and other 

auxiliary modifiers are desirably present as taught 

in u.s. Patent 4 1 810,764, the entire content of 

.whieh is incorporated herein ~y reference. 

Polymerizable, fluorinated polysil~xanes 

employed in this embodiment of the invention are 

described by the 9eneral formula: 
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m 

R3 

' Si- 0 

14 
R 

n 

Where A denotes an ~ctivated unsaturated qroup, -a1 

and R2 independently denote al)Cyl raaicals with l to 

6 carbon atoms or phenyl radicals: R3 and R4 

indapendently denote alkyl radicals with l to 

6 carbon atoms, phenyl radicals, or fluorinated 

alkyl radicals with 1 to 6 earbon atoms, provided 

that at le~&t one of R3 or R4 is a· fluorinated alkyl 

radical with l to 6 carbon atomsi ~ + n is at least 

l: and n is at least l. 

Intern.al wettin9 agents {''hydrophilic 

monomers''} useful in this eml;>odiment of the 

invention include N-alkyenoyl trialkylsilyl ~~inates 

(hereinafter "NATA") (dascribecl in u.s. Patent 

No. 4.652,622) represented by th~ qeneral formula 

wherein 

E is H or CH3, 

G is {CB2)xC(O)OSi{R}3 or H, 

R is CH3, C2H5 or C3H7, 
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~ is an integer from 1 to 15, 

x is an integer from l to 10, and 

m + x ia an integer from l to 15 

Acryloyl- and methacrylcyl-, mono- and dicarboxylic 

amino acids, hereinafter NAA, impart desirable 

surface wetting characteristics to polysiloxane 

poly.sners, but preoipitate out of siloxane •anomer 

•ixtures before polymerization is completed. NAA 

can be modif ie~ to form trialkylsilyl esters which 

are ~o~e readily incorporatad into polysilocane 

polymers. The pr•ferred NATA's are 

trimethylsilyl-N-~ethacryloyl9lutamate, 

triethylsilyl-N-~ethacrylgylglutamate, 

trimethyl-N-~ethacryloyl-6-aminohexanoate, 

trimethylsilyl-N-metha~ryloyl•aminododecanoate, and 

bis-tri~ethylsilyl-N-methacryloyl asp~rtate. 

The pref erred internal wetting agents are 

oxazolones of the general f orlUula 

~· 

)~----1--~~~o-O 
~1 

Where 

R1 and R2 independently denote H or CH3; and 
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R3 and R4 independently denote methyl or 

cyclohexylradioals. 

These pref erred internal wetting agents 

specifically include 

2-isopropenyl-4,4-dimethy1-2-oxazolin·S-one (IPDMO), 

2-vinyl-4,4-dimethyl-2-oxazolin-s-one (VDMO), 

cyclohexane 

spiro-4 1 -(2'isopropenyl-2'-oxazol-5 1 -one) (IPCO), 

~yclohexane-spiro-4'-(2'-vinyl-2'-oxazol-5'-one) 

(VCO), and 2-(-l-propen¥l)•4,4•dimethyl-oxazol-s-one 

(PDMO). 

'l'bes~ pref erred internal wetting agents have 

two i•portant features which ~ake them particularly 

desirable wetting agents; Cl.l They are relativ~ly 

non-polar and ar• compatible with the hydrophobic 

~ono~~rs (the polysiloxanes and the toughening 

agents), and (2) They are converted to highly polar 

emino acids on mild hydrolysis, w~ich impart 

substantial we~ting cb~racteristics. When 

polymerized in t.he presen.oe of the other components, 

a copolymer is formed. These internal wetting 

aqents result through the carbon-carbon doUble QOnd 

with the endcap$ of the polysiloxane monomers, and 

with t:.he tou9henin9 agents to form copolymeric 
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materials particularly useful in biomedical device$, 

especially contact lenses. 
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These oxazolones are prepared by the general 

reaction sequence 

NaOH > 

(II) o·c. 

(I) 

0 

II 
Cl:COC,aH~ 

Hexami 

COOH 
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The first step is a Shotten-Bauman acrylation 

of an a~ino acid. Upon completion of this step the 

polymerizable functionality is introduced by using 

either acryloyl or methacryloyl cb1oride. 

Riqid qas permeable contact. lens formulations 

which are suitable for the ~ractice of this 

invention are silicone-based qopolyiners prepared 

from siloxanylalkyl este~s·of methacrylic acid and 

other acrylate, methacrylate, or itaconate ~onomars 

in many known formulations. see o.s. Patent 
. 

Nos. 4,424,3281 4,463,149r 4,664,_479: and 4,686,267 

for examples of such formulation~. 

This invention is further described by tbe. 

rollowinq Examples, which are intended to be 

illustrative, not limitinq, 
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IJAMPLES 

SYNTHESES OF R).NDOM COPOLYMERS 

llAMPLE 1 

Polymerization of 1-Vinyl-2-PYrrolidinone 

Di$tilled l-viny1-2-pyrrolidinone, (NVP) 40 9, 

2-mer~aptoethanol, 2.so 9 and azobisisoQUtyronitrile 

(AIBN, recrystallized from ethanol) o.59 q were 

colllbined with 100 mL of anhydrous tetrahydrofuran 

(THF} in a 250 mL three neck flask. ~he flask was 

also fitted with a mechanical stirre~ and a reflux 

condenser. A slow stream of nitrog~n was used to 

deoxy9enate the solution for 15 ~inutes. After 

24 hours of reflux under a nitrogen atmosphere, no 

vinyl protons could be detected in the 60 Mhz NMR 

spectra (6.5~7.o ppm). The hydroxy-terminated 

polymer was pre~ipitated from ~ L of anhydrous ethyl 

ether. ~he solid was dissolved in 200 ml of 'l'HF and 

the precipitation repeated twiee. The white sclid, 

29.37 q (69t yield), was drie~ under reduced 

pres.ure. 
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zpxPLE 2 

synthesis of a Polyyinyl Pyrrolidinone CPVP) 

Macromel" 

Hydroxy-terminated PVP, 9.0 g (from ExaDple 1), 

was dissolved in 90 mL of chloroform, in a 250 mL 

3-neck flask fitted with a maqnetic stirre~, a 

reflux condenser, and an addition funnel. 

Dibutyltin dilaurate, 32.s_mg, and butyl~ted hydroxy 

toluene, 2.1 mq (BHT), were added. Isocyanatoetbyl 

meth~crylate, 0.86 9 (ICEM) in 10 •L CHCl3, vas 

added dropwise. Following the.addition the solution 

w~s heated to reflux. Aftar 3 hours no lCEM could 

ge detected by infrared analysis. The reaction 

•ixture was then slowly added to 6 L of anhydrous 

ethyl ether and the solid ~olleoted. Precipitation 

of the PVP ~aeromer was repeated, ~ro~ ethanol intc 

4 L of ethyl ether. At"ter dryin9 at 3o•c under 

reduced pressure the yield cf macro•er was 7.1 g 

(78%). 'l'he Mn (number average molecular weight) and 

Pd (poiydispersity) values were 1,986 and 1.4 (vs. 

polyethylene glycol standards). 
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JWPLE 3 

copolymerization of OFP?g. and PYP Maerome£ 

1H,1H,5H octafluoropentylmethacrylate, (OFPMA) 

0.75 g, PVP maeromer (Exampla 2), s.o g, 

2-mercaptoethanol, 105 UL, and AIEN (re~rystallized 

from ethanol), e.2 mg, wer~ combined with 100 •L of 

anhydrou5 tetrAhhdrofuran (THF) in a 250 mL three 

neck flask. The flask was also fitted with a 

mechanical stirrer and ~ reflux oondenser. A slow 

stre~m of nitro9en was used to deoxygenate the 

solution for 15 minutes. After 20 hours of reflux 

under a nitrogen atmosphere ~e hydroxy teruinated 

pol)'lller was precipita~ed from 2 L cf 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 9, a 

72\ yield. 

IDXP!.B • 

Polvmerization or N.N~nimethylac;:vlamide(QMAl 

Distill*d DMA, 20 ;, 2-mercaptoethanol, 280 UL, 

and AIDN (recrystallized from ethanol), 0.33 g, w~re 

combined with 100 mL of anhydrous tetrahhyrot'ur~n 



- 40 -

(THF) in a iso ~L 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 solu~ion for 15 •inutes. After 

20 hours of re~lux under a nitroqen atinosphere no 

vinyl protons could Qe detected in the 60 Mhz ~ 

speetra (6.5-7.0 ppm). The hydroxy terminated 

polymer was precipit~ted 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 pressure at 3o·c. The yield waP 

15.5 9 and the Mn (number averaqe molecular weiqht), 

Mw (wei9ht average molecular weiqht) and Pd 

(polydispersity) values were 6,700, 11,318 and 1.7 

(vs. polyethylene glycol standards). 

1,12\MPL! S 

Preparation of a DMAJ(acromonomer 

Hydroxy terminated oopolymer, 12 g (from 

Example 4) was dissolved in 90. mL of chlorcfot111, in 

a 2so ~L 3-neck flask fitted with a magnetic stirrer 

and a reflux condenser a~d an addition funn•l. 

Dibutyltih dilaurate, 36.9 mg, and butylated hydroxy 

toluene (BHT), io.2 mg, ver~ added. I$oeyanatoethyl 
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methacrylatet 0.30 q (ICEM) in 10 mL CHCl3, was 

added dropwise. Following the addition the solution 

was heated to reflux~ After 48 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. 'l'h.e 

pre~ipitation w•s repeated a second ti•e followea by 

drying at 3o•c unde~ reduced pressure. The yield of 

macromer was S.6 9. The Mn, Mw and Pd values were 

4,400, 7,900 and l.S (vs. polyethylene glycol 

standards). 

. . 
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EpJ(PLE 6 

'gpolyxne~izatipn of OFPMA and DMA, Macrom~r 

OFPMA 1 i.2 g, DMA maoromer (Example S), 6.7 g, 

2-mercaptoethancl, 105 uL, and AIB~ (ra~rystallized 

from ethanol), a Jn9, were combined with 100 DL of 

anhydrous tetrahhdroturan (THF) in a 250 mL 

three-neck flask. Tha rlask was also fitted with a 

ma9netic stirrer and a reflux condenser. A slow 

stream of nitroge11 was l;JSed to deoxygenate the 

solution for 15 minutes. After 72 hours of reflux 

under a nitroqen atmosph~re the conversion to 

copolymer was 44%, (by NlR analysis). Addition of 

25 mg AIBN and 48 hou~s refluxin;, (120 hour5 total) 

gave a 60' conver$ion to copolYJDer. Pre~ipitation 

into 2 L of anhydrous .ethyl ether, followed by 

drying at raduced pressure left 6 9 of copolymer 

with Mn, Mw, and Pd values of 4,600, s,100, and 1.8 

(vs. PEG standards). 
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BDMPLES ?-10 

Copolym~rization of 1H.1H.5H 

OetafluoropentylmethacrylatQ 

And Mathoxy polyethylene glycpl monom~thacrylates 

Example 7 

A solution was prepared by dissolvinq 9.1 q of 

methoxy polyethylene glycol 1,000 monometbaerylate 

in 100 m~ of toluene. The solution was carefully 

transferred to a 250 mL thr~e neck fla$k fitted with 

a magnetic stirrer and a condenser. To this, 9.l 9 

of 1H,1H,5H Octafluoropantylmetbacrylate (OFPMA), 

1 .. 26 9 of distilled thioqlycolic acid ('l'GA) a.nd 

o~O?l q of azobisisobutyronitrile (AIBN) were added. 

AISN was recrystallized from ethanol before use. 

The solution was th~n deoxygenated using nitro9en 

for 15 minutes and then plaeed under a p~~sive 

nitrogen blanXet. After stirrinq ~or 16 hours at 

60°C the pereent conversion was determined to be 95-

98% by near infrared (NIR) analysis. ~he number 

averaqe molecular weight was detera1ned by size 

exclusion ehromatography ("SEC::") vs. polystyrene and 

by end group titration. The Mn values were 2,902 

and 1,815 respectively. Result• are shown in 

Table I. 
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Examples S-9 

The procedure of Example 7 was repeated using 

h~gher relative amounts of methoxy polyethylene 

qlyggl 1000 monomethacrylate. THF replaced toluene 

as the solvent in Example 9. Results are shown in 

Table I. 

Example JD 

The procedure of Example 7 was repeated using 

methoxy polyethylene glycol 5000 monomethacrylate 

and usinq THF as the solvent. Results are shown in 

Table I. 



Table I 

acxD TBRHIHAT£D COPO~YMBaS 

Example 
Rxn 

# Type composition Solvent ·time Mn MW Pd 

7 OFPMA/Peo lk 80/20 Toluene 16h 2902 5370 1.8 

8 OFPMA/Peo lk 70/30 T'oluene 72h 2300 3400 1.44 ~ 
U'I 

I . 

9 OFPMA/Peo lk 50/50 THF 24h 3163 5287 1.7 

10 . OFPMA/Peo 5k 80/20 THF 24h 12.6k 9400 1.34 

... 
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JUQ\MfL!l 1.1 

Cgpolymeiization pf 

3-Meth§Cl:)'lovloxyprgpyltrisrtrimethylsiloxy>silane 

and Methoxy pclyfthylene glycol 1.000 

monomethacrylate 

A solution was prepared by dissolving 7.l g at 

methoxy polyethylene glycol l,000 ~onomethacrylate 

in 100 ml of toluene. The solution was carefully 

transferred to a 250 ml three-neck f~ask fitteQ with 

a maqnetic stirrer and a condenser. To this, 12.8 g 

of 

3-methacryloyloxypropyltris(trimethylsiloxy)Ailane 

(TRIS), i.o g of distilled thicqlycolic acid (TGA) 

and 0.059 g of atobisisobutyronitrile (AIBN) were 

added. AIBN was recrystallized from $thanol before 

use. TP,e s·olution was then deoxygenated us.in; 

nitrogen for 15 •inutes and then plaoed under a 

passive nitro9en blanket. After stirring for 

16 hours at 60°C the percent conversion was 

determined to be 95-98% by near infrared {~IR) 

analysis. The number a~erage molecular w~iqht was 

determined ~y size exclusion chromatography vs. 

polystyrene and by end group titration. The Mn 
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values were 2,895 and 2,oe3 respectively. The 

polydispersity of the copolymer was 1.s. 

G,opolvmerizatiort of 1H.lH.SH 

OctafluoraaentylDe;thac:r.y'}ate and ffethaxy 

polyethylene qlycol monom@thacrylates 

EfSURle ia 
OFPMA, 15 q, methoxy polyethylene qlycol l,ooo 

monomethacrylate, 50 9, 2-mercaptoethanol, 2.34 9, 

~nd AIBN (recrystallized from ethanol), 0.164 q, 

were coinbined with 500 mL of a 1;1 mixture of 'l'HF 

and methanol(MEOH) in al L, three-~eck flask •. The 

flask was also fitt•d 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 atlllosphere the conversion to copolymer w~s 

99+% (by NIR analysis), Solvent was removed by 

flash evaporation leaving a viscous oil, which upon 

standing formed a wax-like solid. Values for Mn, Mw 

and Pd were determined vs. ~olystyrene, (Mn= 3,700, 
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M~: 6,300 and Pd= l.72). Results are shovn in 

TaQle II. 

Examples 13-17 

The procedure of Example 12 was repaated U$inq 

methoxy polyethylene 9lycol monomethaorylat~ in 

differ~nt molecular weights and relative amounts as 

indicated in Table II which also sumJnarizes the 

results obtained. 



Table l:I 

HYDROXY TBRMIKA!'BD COPOLYMERS 

Example conversion, time 

If Type Composition %{by NIR' hrs 

12 OFPMA/Peo 400 50/50 95 48 

13 OFPMA/Peo lk 50/SO 99 72 

14 OFPMA/Peo Sk 80/20 90 72 

15 O"FPMA/Peo Sk 50/50 75 65 

16 OFPMA/l'eo 2k 50/50 79 65 

17 OFPMA/Peo 2k 80/20 95 48 

Mn MW 

2190 3400 

:noo 6300 

10.Sk 16.lk 

lOk 12.6k 

39<JO 4800 

Pd 

1.56 

1 .. 12 

1.52 

1.27 

1.22 

t 

~ 
ID 



- 50 -

IDMPLBS 19-21 

Surface Active Maeromonomer P~gparation 

Ex1mple·l8 

Distilled glyoidyl m•t.hacrylate, l.83 g, 

p-methoxyphenol, 2.5 mg (MEHQ), and two drops of 

N,N-dimethyldode~ylamine were added to the solution 

from E~ample 7, The mixture was allowed to reflux 

under a nitrogen .atmosphere for 5 hours. The 

·$olution was wa~~ed 3 times with dilute sodium 

carbonate .solution and once with water. The or;anic 

layer was dried over magnesium sulfate, and toluene 

re~oved by flash evaporation at reduced pressure. 

The residue, lB.12 g (85% yield), of viscous yellow 

•acro•onamer h~d Mn values· of 3,353 (by SEC vs. 

polystyrene) ·and 3, 416 (by vapor phase 

oslnometry,vpo). The polyclispersity (Pd) Of the 

macromonomer was 1.9. Results are summarized in 

Table III. 

ixamples 1s-21 

The procedure of .Example 18 was repeated using 

the solutions from Examples·S·lO. The copolymers· of 
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Examples 9-10 were isolated and redissolved in 

dioxane for surfaee active macromonomer preparation. 

Result$ obtained are shown in Table III. 



Table III 

SURl'ACB AP~IVB .MACROMERS 
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l_:DKPLES 22•27 

Surfaoe Actiye Macromonomer Prepar;tion 

i;xample 22 

Hydroxy terminated copolymer, 41.744 q (rrom 

Example 12}, was dissolved in 225 mL of THF, in a 

500 mL 3-neck flask fitted with a maqnetic stirre~, 

a reflux condenser, and an addition funnel .. 

Dibutyltin dilaurate, 1.57 g, and ~utylated hydroxy 

toluene, lO ~g, were added. Isocyanatoethyl 

~ethacrylate, l.98 g (ICEM) in 25 mL CHCl3, was 

added dropwise. Following the addition the solution 

was heated to reflux. After l6 hours 0.2t ICEM was 

detected by infrared analysis. Methanol, 5 1!2L, was 

added to react with the slight excess or 7CEM. 

Chlorofotin was then removed by flash evaporation~ 

The residue was left under high vacuwn overnight to 

remove rAsidual solvent leaving 42.4 9 of wax-lik• 

semisolid. Values for the Mn, Mw, ana Pd were 

determined vs polystyrene standards. Results are 

summarizad in Table IV. 
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lxmnples 23•27 

The procedure of Example 22 was repeated using 

hydroxy terminated copolymers (dissolved in 

chloroform) from Exmnples 13-17. Results are shown 

in Table IV • 

.. 



Tabla :CV 

BOR11'7'CB AC'l'IVB DCR<>MBRS 
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·EXAMPLE 28 

§urface Active Macromcnom.er Preparatipn 

Distilled glycidyl methacrylate, 1.58 g, 

p-methoxyphenol, 2.8 mg (MEHQ), and two drops of 

N,N•dimethyldodecylamine were added to the solution 

from Rxa~ple ll. The mixture was allowed to reflux 

u~der a nitrogen at~osphere for 5 hours. The 

solution was washed J times with dilute sodium 

carbonate soluti~n and once with water. The orqanic 

layer was dried over maqnesiwn sulfate, and toluene 

was removed by flash evaporation at reduced 

pressure. The residue, 17.64 9 (84% yield), of 

viscous semi-solid macromonomer had Mn values of 

~,593 (by SEC vs. polystyrene) and l,91S (by vapor 

phase osmometry,vpo). The polydispersity of the 

macromono~er was 1.6. 

BXAMPLE 29 

Surface Active Macromonomer Ereparation 

Hydroxy terminated copolyiner, J.14 g (from 

Example 3), was dissolved in 90 mL of chloroform, in 
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a 250 mL 3-neek flask £itted with a magnetic 

stirrer, a reflux cond~nser, and an addition funnel. 

Dibutyltin dilaurate, 3 drops and butylated hydroxy 

toluene, J mq, wer• added. lsocyanatoethyl 

methacrylate, 89 uL (ICEM) in 10 mt CHCl3, was added 

aropwise. Followinq the addition the solution was 

heated to reflux. After 12.5 hours no ICEM eould 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 JO'"C 

und~~ reduced pr«ssure the yield of maeromer was 

3 q. The Mn, Mw and Pd values were 4,900, 5,900 and 

i.2 (vs. polyethylene 9lycol standards). 

ID.MELE 3Q 

Surfape Active Hacrpmoncmer Preparation 

Hyclroxy terminated eopolymeJ;, 4.5 q, (from 

Example G) was dissolved in 90 lair of cblorofol':m in a 

250 mL 3•neck flask fitted with a magnetic stirrer, 

a reflu)C condenfie:r, and an addition funnel. 

Dibutyltin dilaurate, 2 drops a~a butylated hydroxy 

toluene, 3 mg, were added. lsoeyanatoethyl 

metbacrylate, 93 uL (ICEM} in 10 mL CHCl3, was added 



- SB -

dropwise. Following the addition the solution was 

heated to reflux. After 20 hours a trace of ICEM 

~ould be detected by. infrared analysis. The 

reaotion mixture was then slowly added to ~ L of 

anhydrous ethyl ether and the solid eollected. 

After drying at 3o•c under reduced pressure the 

yield of macromer was 3.14 ;. The Mn, Mw and Pd 

values were 4,900, 8,900 and 1~8 (vs. PEG 

standards). 

Su~face Tension D~teonination Using 

the Wilbelmy Plate Technique 

Macromonomer solutions were prepared with 

distilled water at molar concentrations of 

10-2-10-6. The surface tension of eaQh solution was 

measured by the Wilhelmy Plate technique on a 

Wettek,. model SFA-212., instrwaent.. A test solution 

was placed .in a jacketed ~eaker, which had been 

cleaned with Chromic/sulfuric acid for 40 minutes, 

rinsed with clean water and dried overnite at i2o·c. 

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

solution several times at the following conditions: 

Platform speed 

Immersion depth 

TelD.perature 

0.16 mm/seo 

20.0 mm 

34 t i•c 

The data was analyzed using WETTER 12 software. 

Results are shown below in Table v~ 

.. 



Table V 

SUllPACB TBNSXOU D~TA 

Example Macromer Molar te:mp. surface Tension 

I example f cone. c dyne/cm 

31 7 io-2 34 32.3 

32 7 10-3 34 34.8 

33 
.,. 10-4 34 46.B 

34 5 io-3 23 36. 3 C'\ 
0 

35 5 1()-4 23 46.2 

36 5 10-S 23 57.5 

31 5 io-6 23 66.B 

38 6 10-2 23 31.8 

39 6 10-J 23 34.3 

40 6 10-4 23 38.7 

41 6 10-S 23 53.l 
. io-6 

42 6 2l 65.9 
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IXJ\Hl>LE .. 3 

Polyurethane Monomer Mix 

A urethane p~epolyiner prepared from isophorone 

diisocy~nate, diethylena qlyool, polysiloxanediol 

(molecular wt. J,OOO) and endoapped with 

2-hydroxyethyl methacrylate was ooml:>ined with the 

following; methacryloyloxyprapyl 

tris(trimethylsiloxy)silane (TRIS), 

N,N-dimethylaerylamide (OMA), N-hexanol, bentoin 

methyl ether (BME). The proportions are given 

below. 

Urethane prepolymer 

'l'RIS 

DMA 

N-hexanol 

BME 

35 parts 

~5 parts 

JO parts 

40 parts 

0.2 parts 

The resulting clear mix was then filtered through a 

1.2 micron filter into a clean glass vial. 
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polyurethane Monomer Mix Ccntaininq 

Surface Active :Macrome~ CSAM) 

A monomer mix was prepared as in Example 43 

except that 0.25 parts by weight of SAM S0/20 

(EXAmple 18) was added. 

EXAMPLE 45 

Polyurethane Monomer Mix Containina SAM 

A monomer mix was prepared as in Example 43 

except that 0.25 parts ~Y weiqht of SAM 50/50 

(Example 20) was ~dded. 

pglyurcthane Monomer Mix containing SAM 

A monomer mix was prepared as in Example 43 

except that 0.25 parts by weight of SAM 80/20 5k 

(Example 23) was added. 
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1,XAM'PL'.! 4 '2 

polyurethane Mone~er Mix Containing SAM 

A monomer mix was prep~red as in Example 43 

except that o.25 parts by weight of SAM (Example 29) 

was added. 

Polxuretbane Monomer Mix Con~aininq SAM 

A monomer mix was prepared as in Example 30 

except that o.25 parts by weight of SAM (Example JO) 

was addea. 

Vinyl carbon.ate Monomer Mix 

A solution was prepared by coml:>ining 

.3[tris(trimetbylsiloxy)sily'l]prcpyl vinyl 
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carboxa~ide (TRISV), l-vinyl-2-pyrrolidinone 

(NVP),pentacontamethyl-a,w-bis 

(4-vinyloxyc~rbonyloxybutyl)pent~cosa siloxane 

(V2D25, Mw range 2-4'k) / nonanol, and 

2-hydroxy-2-~ethyl-1-phenylpropan-1-one (DarocurR). 

The proportions (by weight') are listed below. 

'l'RISV 

NVP 

V2D2S 

Nonanol 

DaroourR 

55 parts 

30 parts 

15 parts 

10 parts 

0.2 parts 

The solution was filtered into a glass vial. 

IDMPLB sa 

Vinyl Car};)Qnate Monomer Mix Containing SAM 

A monomer mix w•$ prepared as in Example 49 

except that o.36 parts by weight of SAM 80/20 Sk 

(Example 24) was added. 

• 
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BX.AMPLE 51 

FlUO£OSilicone Pre~olymer Mix 

Dimethacrylate-capped 

poly4imethylsiloxane/polymethyl­

trifluoropropylsiloxane M2D35F05 as described in 

U.S. Patent 4,810,7~4 {~luorosilicone), 

o~tafluoropentylaethacrylate (OFPMA), 2-vinyl-

4,4-dimethyl-2-oxazalin-s-one (VDMO), and benzoin 

methyl ether {BME) were combined in the weight 

prop~rtions shown below. 

Fluorosilicone 

OFPMA 

VDMO 

8ME 

98 parts 

2 parts 

s parts 

0.2 parts 

The resulting solution waA.filt~r~d. The 

tluoroailieonl!! monomer employed is.described by the 

formula 
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Rl 
I 
si-0-
1 2 
R 

m n 

wherein A is a methacrylate g~oup1 Ri, R2 and R3 are 
methyl groups: R4 is a trifluoroP,ropyl group: m is 
36; and n is 65r 

Fluorosilicone Prepolymer Mix Containing SAM 

A monomer mix was prepared as in Example 51 

except that 0.25 parts by weight of SAM 80/20 Sk 

(Example 24) w~s added. 

l:J.uorosLlicone Prepolymer MiX contnininq SAM 

A monomer mix was prepared as in Example 51 

except that VDMO was replaced vith SAM 80/20 5k 

(Example 24). 
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Contact Lens Cast Molding 

Anterior and posterior mold $Urf aoes were 

cleaaed by electrostatic deionization in air and 

transferred to an inert (nitrogen) at~osphere. The 

mold anterior was then filled with 40-80 uL of 

monomer mix, (exa~ples 43•53) in the inert 

atmosphere ond placed on a casting plate. The mold 

posterior was then positioned. OnQe the casting 

plate w~s 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/cm2,(oxy9en level was <50ppm), for one hour. 

Following separation the mold halv~s containin9 

l~ses were placed in a 70/30 volume/volume solution 

of ethanol and water or 100' ethanol. Lenses illld 

solution were placed in an ultrasonic bath at so•c 

and allowed to release. Lenses were theh 

transferred to absolute ethanol. Arter one hour the 

solvent was exchanged with fresh ethanol and allowed 

to stand for 46 hours. Ethanol was then removed ~y 

water.extraction. 
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Anaiysis for Surface-Active Macromer at Contgct LeD§ 

.i,\lrfaoe Electron !Pectroscopy for chemical anal~sis 

..(.ISCAl 

El&ctron speotroseopy for chemical analysis 

(ESCA) utilizes a monochromatic souroe of low -energy 

x-ray to produce a core level ionization. The 

ener9ies of the ejected photons are me•sured and 

subtracted from that of the incident photon to 

obtain their binding energies. These energies 

identify the elements present at or near the sample 

surface. 

The polyurethane lens of Example ss was 

subjected to ESCA analysis at x-ray incid~nt angles 

of 15, 45, and 90 degrees. The smaller the incident 

angle, the shallower the probe depth of the sample 

surface. The atomic percent goncentration of 

fluorine at the different incident anglea was 5.33, 

3.38 and 3.~3,, respectively. These data for the 

fluorin~ atom are indicative of a high concentration 

of surface-active ~acromer at the lens $Urface 
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because the con6entration Of total maeromer in the 

lens sample was only O, ·2 5 weight % • 

lnK:PLE 6,6 

,Analysis for Surfac:e-Actiye Macromer at contact Lens 

Surfac~ Contact.Angle 

The contact angle of the surf ace of contact 

lenses prepared in Examples 54, SS, 56, and 58 were 

measured by the captive bubble technique. The 

lenses were submerged in buffered saline solution 

and a bubble of air was attached to the undersurf ace 

of the lens.· The anqle made by the intersection of 

the lens and bubble surf aces was measured using a 

qoniometer. The lower the contact anqle the more 

hydrophilic or water wettable is the lens surface. 

~esults are shown in Table VI. Note that the lens 

or Example 54 contained no polymerizable surfactant • 

.Addition of polymerizable surfac.Ttant as in 

Examples 55, 56, and 58 caused a marked reduction in 

the contact anqle. 
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fable n 

Example No. 

54 

55 

56 

58 

Contact Angle . 

35 

20 

14 

24 

clinical Eyaluation of ExamRle 57 . 

Five subjects wore one contact lens of Example 

57 (containing the polymerizal:>le surfactant of 

Example 23} in one eye and one control co~tact lens, 

Example 54 (without polymerizable surfactant) in the 

other eye. ~he lenses were analyzed after a minimum 

of one hour of wear ~or surf ace ch~racteristics of 

wettability and surface deposition. The wettability 

ratinq scale wos o-4, whe~e o was more than 2/3 of 

the anterior lens surface unwetted by tear film·and 

4 represented complete (100%) wetting by tear fil~. 

The deposition scale was 0-4 where o represented no 

surface deposits and 4 was.multiple deposits of 
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o.s mm diameter or larger. The results fer the 

lensas o~ Example 57 were wettability 3.2 and 

daposits l.O coDpared to 2.0 and 1.6, respectively, 

for the control lenses of Example 54. 

Clinical Evalu1tion of Examsle 61 

Six subjects wore contact lenses of Exa•ple 61 

(prepared from the monomer mix of Jxample so and 

containing-the polymerizable surfactant of 

Example 24) in both eyes for a period of one hour 

an4 the lenses were analyzed as in Example 67. The 

results were we'ttability 3-2 and deposits 0.1 ·which 

compares favorably to values of 2.0 and 1.6, 

respectively for wettability and deposits for 

control lenses of Example 54 (which contained no 

polymeriza.ble surfactant). 
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Clinical Evaluation of Example 56 JlK 50/50 PEOSAMl 

Eight subjects wore one oontact lens-of Example 

56 (prepared fro~ the 3onomer mix of Example 45 and 

containing the polymeri~able surfactant of 

Example 20) and one control ~ontact lens, Example 54 

(without. polymerizablt!l! surfactant), in the other 

eye. The lenses were analyzed as in Example 67 

after a minimum of one hour of we~i for surface 

characteristics of wettability and s~rface 

deposition. The results for the lenses cf 

Example 56 were wettability 2.6 and deposits 1.2 

which compares favorably to ~alues of 2.1 and 1.7 1 

resp~ctively, for wettability.and deposits for 

control lenses of Exa~ple 54. 

ZD.MPLJ: '7 0 

Clinical Jvaluation of Example 58 f80/20 NVPSAM> 

Five &Ubje~s wo~e contact lenses of Example 58 

(prepared from the monomer mix of Example 47 and 

containinq the polY-merizable surfactant of 
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Example 29) for a period of one hour and the len:ses 

were analyzed as in Example 67. The results were 

wettability 2.6 and deposits l.4 which compares 
. 

favorably to values of 2.0 and 1.6, respectively for 

wettability and deposits for control lenses of 

ExaDlple 54. 

1.xAMPLB ?l 

surface coating of Polyuret~ane Contact J&nsea 

A solution of 0.1 mmol surface-active macromer 

of Example 19, 0.007 q of neopentyl glycol 

dimethacrylate and· 0.0038 g of BME in 100 mL of 

deo~"Ygenated, distilled water was prepared by 

stirring at room temperature for one hour. one 

contact lens, prepared as described in txample 54, 

was placed in a 10 mL lens vial and the vial ~as 

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/c:m2 of UV light for 2 hours. 

The lens was removed fro~ th& vial, washed with 

dis·tilled water, extracted in ethanol for ·2 hours 

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

solution. 

EDKfL'E 72 

Surface'coati~g cf Polyurethane Contact Lenses 

A solution of 0.1 mmol surface-active macroiner 

of Example 20, 0.01 g of neopentyl glycol 

diaethacrylate and 0.003 g of BME in 100 mL of 

deoxygenated, distilled water was prepared by 

stirrinq at room temperature for one hour. 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 nitro9en atmosphere 

in a glove box. The vial was sealed with a Teflon 

lined stopper and cri~p seal, placed on its side and 

irradiatea with 2500 uW/c~2 of UV light for 2 hours. 

The lens was removed from the vial, vasbeci with 

distilled water, extracted in ethanol ~or 2 hours 

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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EXAMPJ,iE .,3 

Surface Coating of Silicone (SIL-TECH) Contact. 

A solution of 0.1 mmol surface-active macromer 

of Exa~ple 18, 0.007 9 of neopentyl glycol 

ai~ethaerylate and o.003 9 of BME in 100 ~L of 

deoxyqenated, distilled water was prepared by 

stirring at room temperature for one hour. A SIL­

TECH silicone elastomer contact lens (available from 

Bausch & Lomb Incorporated) 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 si·de and lrradiated with 

2500 uW/c:m2.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 sealea in a vi~l in buffered 

saline solution. 
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IJC:UPLE 74 

Analysis for surf§ce-Actjve ~acromer at Cont§pt J&ns 

surf ac_e 

&ontact AD'Jle 

The contact angle of the surface coated len5es 

of Example 73 w~s measured and compared to an 

untreated lens (control). The average contact anqle 

of three coated lenses was 38* versus 46• for the 

control sample. 

JQHpLE 75 

Clinical Evaluation of Examgle 71 

Five subjects wore one contact lens of 

Example 71 and one control contact lens (the 

uncoated lens o! Example 54, without post treatment) 

in the other eye. Tl.ie lenses were analy~&d after 

one hour of wear for surf ace characteristieA of 

wettability a~d surface deposition as in Example 67. 

~he re•ults were wettability 2.a and deposits 1.2 

which compares favorably to values of t.o and 1.8, 

respectively for wettability and deposits for 

control lenses of Example 54. 
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What is claimed is; 

1. A.random copolymer prepared by capolymerizing 

at least one ethylenioally unsaturat~d hydrophilio 

monomer and at least one ethylenically unsat~rated 

hydrophobic monomer in the presence of a functional 

cb~in transfer agent. 

2. A random copolymer described by the formuli\: 

C[Ax8y] 

wherein A is at least one ethylenically unsatur~ted 

hydrophilic •onomer, B is at least one etbylenic~lly 

unsaturated hyorophobie monomer, c is a functional 

chain transfer agent, y is within the range from 

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

J, The copolymer cf claim 2 wherein the 

ethyleniQally unsaturated hydrophilic monomer, A, is 

seleoted from the 9roup consisting of ethylenically 

unsaturated polyoxyalkylenes, polyacrylam.ides, 

polyvinylpyrrolidones·, polyvinyl alcohols, poly 

(HEMA), and N-alkyl-N-vinyl acetamide. 

I THIS SHEET HAS BEEN I 
l F.E.PLACED : ! ·- ... 
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4. The copolymer of clai~ 3 wherein the 

ethylenicallY unsaturated hydrophilic monomer, A, is 

an ethylenically unsaturated polyoxyalkylene 

selected from the group consisting of 

(metb)acrylated polyoxyalkylenes, (aeth)acrylamido 

polyoxyalkylenes, styrenyl polyoxy~lkylenes, alkenyl 

polyoxyalkylenes, vinyl carbon~te polyo:xyalkylenes 

and vinyl carbamate polyoxyalkylenes. 

S. The copolymer of claim 4 wherein the 

polyoxyalkylene is polyethylene oxide. 

6. The copolymer of e1aim 4 wherein the 

ethylenically unsaturated hydrophilic monomer, A, is 

(meth)acryl~ted pcly~thylene oxide. 

7. The copQlym~r of clai~ 4 wherein the 

ethylenically unsaturated hydrophilic monomer, A, is 

a ~athacrylate endoapped poly•N•vinylpyr~olidinone. 

8. The copolyaner of claia 4 wherein the 

et.hylenically unsat\J.rated hydrophilic monoMer, A,· is 

a methacrylate endcapped'poly-N,N~ 

dimethylaQrylamide. 

9. The copolymer of claim 2 wherein the 

ethylenioally unsaturated hydrophobic monomer, B, is 

selected from the group consisting of alkyl 

·-----·---.-··· 

THIS SHEET H!'\S SEEN. 
f'.:i:?i.ACED 
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(mQth)acrylates, N-alkyl (meth)acrylamides, alkyl 

vinyloarbonates, alkyl vinylcarba.mates, fluoroalkyl 

(meth)acrylates, N-fluoro~lkyl (aeth}acrylmnides,,N­

fluoroalkyl vinylcarbonates, N-fluoroalkyl 

vinylcarbamates~ silicone-containinq 

(meth)acrylates, (meth)acrylamides, vinyl 

carbonates, vinyl o~rbamates, styrenic ~onomers and 

polyoxypropylene (~eth)aerylates. 

10. The copolymer of claim 9 wherein the styrenic 

monomers are selected fro~ the group consisting of 

styrene, alpha-methyl styrene, para-methyl styrene, 

para-t-butyl monochloro styrene, and para·t-butyl 

dichloro styrene. 

ll. The copolymer of claim 2 wherein the 

ethylenieally unsaturated hydrophobia monomer, a, is 

TRIS. 

12. The copolymer of claim 2 wherein the 

ethylenically unsaturated hydrcphobio monomer, a, is 

1-H,1-H,S-H-octafluoropentyl Jllethacrylate. 

13~ The copolymer ot claim 2 wherein the functional 

chain transfer agent, c, is sele~ted from the group 

consisting of meroapto oarboxylic acids, marcapto 

alcohols, and aminomercaptans, 

------------

iii iii Of 
THIS SHEET 1-:.t•S S'.:EN 
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14. 'l'he copolymer of claim 2 wherein the functional 

chain transfer agent, c, is thioqlycolio acid. 

15. The copolymer of claim 2 whe~ein the functional 

chain transfer agent, c, is 2-meroaptoethanol. 

16. The copolymer of claim 2 wherein the functional 

~hain transfer agent, c, is 2-aminoe~hane thiol. 

17. A surface-active ~acromer described by the 

formula; 

DC[AxBy] 

wherein A is at least one ethylenieally unsaturatea 

hydrophilic monomer, B is at least one ethylenically 

unsaturated hydrophobic monomer, c is a functional 

, chain transfer aqent, and D is an ethylenioally 

unsaturated ~nd qroup. 

18. The surface-active maoromer of olai~ li wherein 

A is selected ~rom the qroup consisting of 

ethylenically uns·aturated polyoxyalkylenes, 

polyacrylamides, polyvinylpyrrolidones, polyvinyl 

alcohols, poly (HEMA), and N-alkyl-N-vinyl 

aeet:.amiae. 

19. The surfaoa-aotive maaromer of claim °17 wherein 

A is an ethylenically unsaturated polyoxyalkylene 

selected from the group consisting of 
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(aeth)acryi~ted polyoxyalkylenes, (meth)acrylamido 

polyoxyalk,ylenes, styrenyl polyoxyalky1ene$, a1kenyl 

polyoxyalkylenes / vinyl carbonate polyoxyalkylenes . 

and vinyl car~amate polyoxyalkylen~s-

20. 'l'he surface-active macroJ11er of claim 1.9 wherein 

the polyoxyalkylene is polyethylene oxide. 

21. The surface-active macromer of claim 17 wherein 

A is (~ath)acrylated polyethylene oxide. 

22. The surfac~-active macromer of claim 17 wherein 

A is a metb.ac:rylate endcapped poly-N­

vinylpyrrolidinone~ 

23. Tbe surface-active macromer of claim 17 wherein 

A is a methacrylate endoapped poly-N,N­

dimethylacrylmnide. 

24. "l'he su.rf'ace-aotive lllB.orome.i= o.:c ol.iilbi 1'7 where.in 

B .is selected f .rom the g~oup consisting of a1ky1 

(meth)acrylates, li-alkyl (meth)~crylaiCles, a1kyl 

vinylcarbonates, alkyl vinylcarbamates, f1uoroalky1 

(neth)aory1ates, N-fluoroalkyl (meth)acry1emides, N­

fluoroalky1 viny1carbo~ates, N•fluoroalkyl 

vinyloarbamates, silicone-containing 

(aeth)acrylates, (meth)acrylamides, vinyl 

carbonates, vinyl carbamates, styrenic monO'lllera and 

po1yo.xypropylene (meth)acrylates. 
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25. The surface-active m.acromer of claim 24 wherein 

the styrenid monomers are selected from the qroup 

consisting of styrene, alpha-aethyl s~yrene, para­

:methyl styrene, para-t-butyl monochloro styrene, and 

para-t-butyl dichloro styrene. 

26. The surface-active ma.cromer of claim 17 wherein 

B is 1-H,1-H,5-H-octafluoropentyl •etliaorylate. 

27 • The surface-active macromer of claim 17 wherein 

c is selected from the CirOUp consiating of ~erca~to 

carboxylic acids, •ercapto alcohols, and 

amino•ercaptana. 

28. The surface-active macromer of claim 17 wherein 

c is thio;lycolic acid. 

29. The surface-active macromer ot claim 17 wherein 

c is 2~mercaptoethanol. 

30. t'he surface-active macromer ot claim 17 wherel,,n 

C is 2-aminoethahe 1:hio1. 

31. The surface-active macromer of ciaim 28 wherein 

D is a (meth)acry1ated hydroxy ester moiety derived 

from qlycidYl (meth)acrylate. 

32. The surface-active macromer of claim 29 wherein 

D is a (meth)acrylated ester moiety derived from 

(meth)acryloy1 chloride. 
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33. 'l'he surface-active macromer of claim 29 wherein 

n is a (meth)acrylated urethane ~oiety derived from 

(meth)acrylated isocyanate. 

34. The surface-active macromer of claim 29 wherein 

D as a vinylcarhonate derived from vinyl 

Chloro:tormate. 

35. ~he surface-active macromer of claim 30 wherein 

D is a (•eth)acry1at•d amide moiety derived from 

(•eth)acryloyl ch~oride. 

36. The surface-active macromer of claim 30 wherein 

D is a (meth)aerylated urea aoiety derived from 

(meth)acrylated isoc:yanate. 

37. The surface-active macromer of claim 30 wherein 

D is a vinyl carbBlnate ~oiety derived from vinyl 

chloroformate. 
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