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The priesent |nventLgn Is directed to materials useful for nodifying the ~
surfaces of solid terials and nore particularly to polynerizable -
surfactants., Surface structure tand conposition determ ne many of the
phy5|cal propertles and ultimte uses of solid materials. Characteristics

such as wetting, friction S| ' adhesion are largely

i nfluenced by surface charagﬁgéﬁggﬁ%gﬁﬁgﬁ'gggg EFggggg‘ncern are the

effects of ssuch surface characteristics on bi oconmpatibility. The alteration

of surface characteristics |?AggQﬁé%gﬁfggg%ggggggggg!ggnf|cance I n

bi oteechni'cal applications. nproved nethods are accordi ngly sought for

modi fyi ng sol'id surfaces, particularly the surfaces of polyneric objects.

Random grafted, pol i predents fiaveationhdec dizestadetiot patediblat he

sur f'aces of hydr 0RO t onto
‘%ﬁﬁ% el gngsla'if}s% ‘e 43aLEhLOBEOLoLDA AHEERgAER!]

t he surfaces of om an aqueous spersion

| nteractions of %mﬁ%% Lynde @%W&éi‘&ﬁl’% fArtactantsnobi c
Surfaces, The University of Uah (1988) (hereinafter "Lee").

Lee--particularly congar :?% C&Eﬂgpﬁés %%ﬁp@gieégk'ﬁgtgémngOd plagna

proteins on hydrophoblc S aces--teac esis o neric
surfactants by mamomf tde msééﬂalc@E&Pﬁmﬁfaﬁﬂénuéf:iaaﬁﬁdﬂﬁﬁﬁoﬁifc

methacryl ate (hegodidateeieia.e Chardehier iAUBACEULAL 85 watting,
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 ohiects from an agueous
dispersien. ILee, J. H., Interacti 0=
containin =y facta 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 eof a hydraphobic methacrylate
(hexyl methacrylate or lauryl methacrylate)}, a



- 2- hydrophi I'i ¢ nethacryl ate (pol yethyl ene oxi de methacrylate), and .
nmet hyl net hacryl at e. Akashi, M, et al., "Gaft Copolyners Having
Hydr ophobi o Backbone and Hydrophilic Branches. |1V. A Copol ynerization Study
of Water-Soluble O igovinylpyrrolidone‘N%cTonDnoners," J. Polynmer Soi.

Part A., Polynmer Chem stry, Vol. 27, pp. 3521- 3530 (1989) (hereinafter

"Akashi ") teach ?P%%y b al
copolynerlzatloﬁﬁg {gEéqﬁﬂgéhp ggﬁlxgggggeﬁyééggné?geérol|done W th
net hyl met hacr yI‘&?"éh%‘Frﬂ%@ne ang, mefbyds meEh3FRYIBReNny| - t er ni nat ed and
met hacryl oyl -term nated ol igovinylpyrrol idone nacronononers are

descri bed. PO'PY)E@éﬂizaBl M ?ct anb§a @VEa n%ngfg%‘%g%ﬁ@dl fy the
fe

properties of polynmers 1n dquedus solution. et al.

" Copol ymers of Aéyoyrwnwﬁr&amm decpphéhé sanghes helVs &nd

Sol ution Propertégso )F]E’ YIRion \é%dyZ%t REte2ldB1dBia (Nov.,
1987)(here|naft . SC

") descr. bes_macronpnone uLf agt MS\memﬂnthe
surfactant chara %9 Y%Péi#ﬂ qﬁfetﬂé 5BBPPPBﬁr5f§d&§§§?f!¥§%rophob|c
functional ity (eSgi.: [Pe <h paiistyy¥ol Vble P9l yRPhyd®2k~oxi de
chain. Rel ated ”?éfﬁ'@iéﬁé¥¥%%¥§ﬂﬂm¥%e§rGaﬂh§8h9§e€ehahéks Pat ent

4,075, 411. Pol ynmerizab surfactants have al so Eeen used to nodify
t he surface prop%??#tﬁpkﬁe%xﬂFQB§ra€n?YbF§§§°Bffﬁﬁ?e??é SaYsed for this
~purpose are |ipidspalymerization 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.§. 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



(non- polyneric mat eri al s) which are rendered pol ynerizable by the addition
of various functionalities such as nethacryl ate groups N

- 3- [ Ringsdorf, H., et al., "Hydrophil Bc-Spacer Groups in Polynerizabke
Li pids: Formation of Biomenbrane Mdels form Bulk Polynerized Lipids,"

J. Am Chem Soc., Vol. 107, pp. 4134-4141 (1985)) and various Vi nyI
groups [ Ri ngsdor f{RiRgsdarsy K. . St latedBydaopbé L} FefDagsr eCRRBREDhI | es

wi th Fl uorocar bomrcfrial enia&ﬁsé iIg@idat | ForMatebaysEspastflebbpanenes, " J
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stabilization of ﬂ]?.mrverﬁnlaenemﬁ)deir& (4ifxderd 143 dAPEF) foand parjauvei c

| i posones). [HgRRIsEEH zatglf_eagurfagggﬁggtaavgnal so been
used’in coatings to rm %ﬂgthe surgf ects

propﬁggn neric ..

Eur opean Pat ent ﬁﬁiﬂqﬁﬁ% & § fpare RE e~ haPP ferred
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nodi fyi ng surfac ric object yreri zabl e
surfactants are dugmeriEahie) ls,'pnuﬂamfmanssshevewsen used" t9An obj ect

of Regen was to qmﬁnﬂfﬁ&aIipbsdmégtuﬂaanth(ﬁheL&asmut&oBIaﬂeett processes,

Pol yrer | zabl o surf SR, o VisRhedinel koaea 008580’ Farerraa
Langmui r - Bl odget ttd mmolynmia mnqaqwn suf factant assenblies -are
expl oi ted

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 ILangmuir-Blodgett processes,
especially when applied to more complex aufface
topographies. Polymerizable surfactants have of
coﬁrse 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).



in microlithography and other opto-electronic systems. Fendler, J .H,

"Pol yneri Zed Monol ayers froma Styrene Functionalized Surfactant,”
Col | oi des and Surfaces, Vol. 35, pp. 343-351 (1989). .
-4- Contact |enses are conventd g@nal |y produced by one of three
general techniques--lathing, static casting, and spin casting.

Conbi nations are al so known. For exanple, sem -finished buttons (having one
final |lene surface) may be forned by static or spin casting and the second

ens surface my be SOACNEEN Bedd! ¥ ddonviritlichady PROBuERE! PO Nave the

advant age of produci ng I enses w ewer rocesih% .steps thgn athing. In
either of the nBPEi A§ tRERRI FERAra} HEechR S~ B8 ePFBF Sur f aces of
the | ens may becéastimg, i andnspinh opastimgi ¢ GaRinagidnssarki 8189 provi di ng
two nol d surfacgs,...spi S €Sg ) V il Ldspurface to
formthe anteri%?“gﬁff2%%95%ﬁ£%§9%gi?é#;ﬁ%ﬂ¥%$%%gh@§%gpgtgg b%ﬁ pi nni ng
liqui d mononer eneffinal nteppsserfagel pande formed by,8LabAct RE chal | enges

;aced V\ﬂen plrgdﬂﬁiﬁﬁ é&&gﬁsg'tgﬂndlotﬂéh' @eé@n@dﬁwimfaebenay Bk the Ifenlses
rom the nolds_w thout da ng. t he Lens. surfac n on of lens
adherence is a BSﬂé'éaﬁén‘B%nﬁ&%ﬁ%% ca#t?ﬁ’(%r i’%ﬁ'? gg?\%ggﬁﬁgﬁg surf aces
and nononer m xtheeaddantage pof ypeeduaingnlensas i ithe feWegosal s t o neet
this challenge #§o&k§&iﬁ?t§9épéwéﬁ£n9i§th¥ﬁ§9h:&ﬁ@ﬁhﬁ%raéiiEﬁe

e

T eported o PROIENE TRERBIAVERe el FIVAEIOY BNt PRy eRieFeac ng the
nunber of surfasarfaces 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 l 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



defects reéultihg fromnold rel ease (especially of xerogel |enses)-

The '916 patent seeks inproved surface quality by reducing | ens damge
during denol ding. Others have sought To®iTprove surface quality nore .
directly--by surface nodifications. For exanple, U S. 4,546,123 teaches
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NONEer echn| F - pfeparing
graft copol ymens saf 4¢&#6,Al253 deacdiest GweiénFsa%FFhkﬁB%°flvacrom)nomers or

macroners are Akt ABYkRd1EEORLE Ae hundreds to
@&H{ﬂ:@m@o JHAGY! Surtgeaht! ABJ6E

tens of thousa e end groups functionalized to enter into
further pol ymer hyAnagst e SWrdRCechi ang and Schul tz denonstrated the

synt hesi s and applications of a variety of macronmers. R. Ml kovich, MT.

G'ang. U S Parent o, 42 Qo0 C19Fbe SAURLE. pEophrdng Heklegvich. R
J. Pol ym Sci . nig
Pol Q&p Sgl ymPolqcﬁlmomﬁs af%:z@%%}éﬂ arsh t&}:ecture is yakds 'Y

" Synthesi s and pipptdicHdnive lor hismiohereoare polgneérsf bcﬁopoupnanar" Pol yrrer

Bull ., 5, 335- 34D 1981 N th f F t |
G?aft Copol ymer®® % e%@h iﬁ% ;@%&anpEF£§ nn? SQPnC 6"

193- 199 (1981) ;thHahiguidds, svidih mmfom#yﬂdsmmhfﬂmﬁséﬁ}ﬁaﬁée and Its
Use in the MacrQImOMey SwH NSfither polfalerTzatien.. MiBRkydehn,letters Ed.

19 chiang and Schultz demonstrated the synthesis and
applications of a variety of macromers.
R. Milkovich, M.T. Chiang, U.S. Patent No. 3,842,050
(1974) ; Schultz, G.0. and Milkovich, R., J. APD,
Polvm. Sci., 27, 4773 (1982); Schultz, 6. 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 @ransfer agent



629- 636 (F981);- (hereinafter "Yamashita") teaches a nethod of naking
macroners and the use of macroners to nmake graft copol yners. Yanmashita used
free radical polynerization in the presence of an effective chain transfer.
agent which controlled the nol ecul ar weight of the final macroner and al so
provi ded a functional end group. Thioglycolic acid, for exanple, is an
effective chain transfer g vi des a

ent . .- 6- mhicg r
car boxylic acid‘FUﬁ%&Eﬁﬁﬂﬁ%éﬁdagFGHBnyiﬁé arid Funpteana u%@ quently be
reacted with, egroup.dl ytiedgndngirdapr vhat subseguentdyt benreattadt hacryl ate
pol ymeri zabl e gr. . _Yamash) : d f yl\/éi! o] raft
copol yners of fﬁﬁ%@aaﬁk?ang?§?%§§§_“%?gﬁeggﬁéﬁﬁmf r ¥é.a$%§§§%§?g does
not teach the &Athassydade pollymerizable QHPFHcta§F§a59iFﬁé“5 cr onmononer
technique. " DinfsdY¥fiedD o3 Myal @oCpeipire Yehrtl8bpoiPRerspages 261-271"

di scl oses a randqQm__copQl yner prepared copo rzi a hydrophilic
nononer such aj?'é’éﬁﬂag%yéoagﬁ%lﬁgﬁﬁ F&géeEQEY%‘g?Pﬁ?t?g‘rracrormnorrer in
the presence of ¥anrfashdtisndices nietokteath] the] FypthegigrefH err] SH) as chain
transfer agent. polymerizable surfactants by the macromonomer

technique. '

g Y OF THE INVENTIO}

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 to about 0.9, and x + y = 1. in a
preferred embodiment, the polymeric cbject 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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The pol yneri zabl e surfactants ar’e ™ novel surface active
macr onononers described by the fornula:

wherein Ais atpheaatreRCed

Rsfer agent, Dis an ethylenically unsat ur at ed

unsaturated hydrophobic monomer, C is a functxonal

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.

DETATYL BCRL 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

DC [A[err]B[err])

%BX&EE&Q%&;‘I YoS@éskAhedd Wy dapphi | ic nonorer,
one ethﬁienlca unsat uriat ed hydrophobi ¢ nononer, Cis a

chafRF®
within the range from aboul:t[AQ‘ Jto

COﬂt&a?gﬁﬁ i xs a% légﬁg Qﬁther g?gﬁ¥§¥¥}§nﬁﬁiil

of harﬁa@»hééw pappselr cBate @byt %£%|%ﬁ thyjgnically
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A new cl ass of polynerizable surfactants
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at | east 6h& efhyl"ehi cal'ty tinsaretat ed hyedrophobi ev nonomer and at | east woe
one ethylenically unsaturated hydrophilic nononer in the presence of a

functional chain transfer agent. chain transfer agent, y is X
within the range of about 0.1 to about 09, and x +y = 1. Cui tabl e
ethyloniolly uncaturated hydrophilin mnononmers ("A" in the above formnula)

I ncl ude ethylenically unsaturated pol yoxyal kyl enes, pol yet hyl ene oxi de,
pol yacryl ani des, SpaiyFransserr ev¢tondsis poithinnte Aangnors ahemty -

(hydr oxyet hyl net leaar ¢é adyuton.ppland MEMAY = 1and N al kyl - N-vi nyl

acet am des and net hacryl ate endcapped pol y- N, N-di met hyl acryl am de.

(ot yacr yl am de, - styTebgneraceRbISL by SIRMR. A MibBomn it o panat e
groups. Preferred WH¥%| Q"',r"é' ﬁrﬁc%@??&ﬁ%r mﬁ&?hd’é’c
: 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
methacrylates 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 t¢ 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

T
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net hoxypetyexyethyl ene, nethacryl ates of nolecular weights from 200 to

10, 000, nore pr
nol ecul ar weig
met hoxypol yoxye
5,000. Addition
vi nyl pyrrolidon
More preferred

met hacryl at es of,
hydr ophi lic

| 0,000. More p
nmol ecul ar wei gh

eferred are nethoxypol yoxyet hyl ene net hacryl at es of
ht range of 200 to 5,000 and nost preferred are

t hyl ene net hacryl ates of 9ol ecul ar wei ght range of 400 to

al preferred. hydrophilic macrononers include poly-N

e net hacryl ates of npl ecul ar melghts of . 500 _.t.o .10, 000.

BA4R%s BNl ecul ar
wei ght's of 500viﬁy5cﬁﬁﬁoaaﬂe§psalnybfetnpﬁcarhamntgsp+flunrqdk&%koI|done

(m8Bh &bk 91 2¥BE s Phorda 1 | Pngefllor il diftad Pher 1 e

nmecr onononer s i ncl ude
pol y- N, N- di- met hflugrpalkyl qeinybeasepprtess BrEinereatkyl wei ghts .of 500 to

0%9&&5%%31:89' Yshhbdhaﬁébﬁtaﬂﬁiﬂéam de - nethacryl ates of

&PﬁtbbPﬁrK#atﬁﬁnpr?}F54|HBﬁEh

ts gh)SOO 60

acry ates, ?meg acrylamides, v1ny1
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]

-



nost prefefred are poly-N, N-di nethyl acrylam de nethacrylates of nol ecul ar

wei ghts of 1,000 to 5, 000. ' Suitabl e ethyl enically unsaturated ,
hydr ophobi ¢ nononers ("B" in the above formula) include alkyl .
-10 - wherein A, B, C, x and y are”as” descri bed above and D is an
ethylenically unsaturated end group. Sel ection of the ethylenically

unsaturated en " A s | t e y the
functi onal grog‘é Q?Qilﬁ Af%ct?on’geaﬁﬁyﬁﬂie?adr%f%zs ﬁbgﬁ SEJE)VQ g)’?gnp le, if
the chain transPeisadnethyipnicakly wifadicated 5@?d9§P§§p, gl yci dyl

nmet hacrylate can provide a nethacrylate end group. |If the chain transfer

mothacryl ate or ot RIAEPTERYIof i e fatayr BERERELRR RN g, o o
group and vi nyIQYEﬁPot'bb'brmﬂd'l%aﬁbq}fe)\ﬁmﬁa)l iy deterpioeg. b¥f the
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
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chain transfer agent is thioglycolic acid, the ethylenically unsaturated
end group can be a (neth) acrylated hydroxy ester derived fromglycidyl
(meth) acrylate. If the chain transfer ggent is 2- nercaptoethanol, the
ethylenically unsaturated end group can be a (neth)acrylated ester noiety
derived from (nmeth)acryloyl chloride, a (neth)acrylated urethane noiety
derived fron1(nﬁhhkh&rxhagedfromoayauat9,3otaaab¢m9IQaﬁboﬂ@@esﬁellved from

vinyl chlorofo chai r r Nibbst 20 . 5 b NEEsEREN
thiol, the ethy%%nlc Egﬁﬁgg u?gtgﬁg éaﬁ&grgﬁgﬁcégbbe a ?neth)acrylated

anmi de noi ety def@-fed fron1 (meth)acryloyl chloride, a (neth)acryl ated urea
noi ety derived from (meth) acrylated isocyanate, or a

variety ol sul tan o dBel PhRkin EbLYEImEEETRE | i}s SRVEAELON BEE A wi de

variety of suitable mbi-nat i ons yl enic unsaturatgd end groups
and functional fehaed bVaAsfﬁﬁeageﬂﬁga&nmﬁcbénéﬁﬁaﬁﬁhﬂgté YH8€e skilled

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.



in the awhyzlgsboregoing is intended to be illustrative, not limting.
Varying the ratio of hydrophilic nmononmer to hydrophobic nononmer changes
the surface properties of polyneric objects nade fromthe surface-active |,
macroners. For exanple, when preparing pnt act | enses containing certain
surface-active macroners of this invention, it has been found that higher
anmounts of hydrophilic conponent optim zed nold rel ease characteristics.

of the lenses but th@heoaﬁkmcéé@iwlmaa%ﬁé&rm&ﬁw; jiem with a
el oction’ of amBd PRCHPSR FaTPOTRY |tk AR o, RSB | cul ar
surface propertnbseahslﬁatEWq smm@ht Trorthehefiysd ,y b suwstfjaset- General |y,
B?ﬁflfémi IS PLeksvaPhicriflet N rAdME ft!&”&l@%o@nér 32y @ nore
form the polymeric objeact. In the second, the
polymeric object is immersed in an acgueous
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 whoae 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



(meth) acrylates, Nalkyl (neth) acrylam des, al kyl vinylcarbonates, alkyl
vi nyl car bamat es, fluoroal kyl (nmeth)acryl ates, N-fluoroal kyl

(et h)aoryl am des, N fluoroal kyl vinylcarbonates, N-fluoroal kyl .
vi nyl car bamat es, silicone-containingT et ) acrylates, (neth) acryl am des,
vi nyl carbonates, vinyl carbamates, styrenic nononmers [selected fromthe

group consi sti %ﬂ%ﬁsﬁ’f@)”%oﬂﬁé}a‘%td&é'r g_s?}sggt@;%]yg%@@ggtlgyl styrene,

para-t- butyl nonochloro 'styrene, a i chloro”styrene] and

pol yoxypr opy! ertRaRanated goprendomish JANGFIOHSh 85 @ FERS®STs i ncl ude
net hyl net hacr yi aiieing it ) N Rac atlciint svEitdCieatopent yl met hacryl ate,
per fl uorooctyl t hacryl at e,, nmethacryayl oxvoro AN r | si | oxy)
silane (TR S). ﬂ‘esc’q&%le‘?%rm? M“%%%%ﬁ’??‘éb%?ﬁﬁ’& gélie_?bm he above
formul a) cont r drsufificisirg: tadasdingy e hydroppdlice provperyiesi.des
appropriate funpgfl d bf fr%‘dﬁ#ﬁhsﬁqlte'ﬁoﬁi‘i%iﬁ&coho%oﬁﬁﬁnﬁwam € group.
Suitable functional chain transfer agents include,ner.capto carboxylic
aci ds, nercapt P*S8E @b ek a8 afy FEGRFT M?ﬁ?n d
am nomer capt anotHye inptromk e s dir anef copadymes iizablede wilithogihecol i ¢ aci d,
2- mer capt 06t harjglayfsh r AN AELIAN Quldelloo. HaRA AR ds¥ek0 Va6 1

o tdta I n . the

transfer agent nononmer content use [ pSrIs%/merl zation is

preferably in tBRCROETRLSHOD e mPLymarHc Wterdadn| pS Wellange of 0.02

to 2, and stil Ixmere iof efieg adddy, in the range of 0.05 to 1. The novel
surface active macronononers of this invention are described by the

fornmul a: ' DC [Alerr]B[err]]

- 10- 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



wherein A, B, C, x and y are as descri bed above and Dis an ethylenically
unsat urated end group. Sel ection of the ethylenically unsaturated
end group (" D' in the above fornul al i3g determ ned by the functional group
of the functional chain transfer agent. For exanple, if the chain transfer
agent contains a carboxylic acid group, glycidyl nethacrylate can provide a
met hacryl at e arkrigrthamolkirinks ghgcerblanpébraaggbbrivel aibrtienexy or

am no functi ongdividbl | @Ae¥aYakfeChiyol®t BREEYAR £n@ gl yEaD) acryl oyl

chl oride can priovide a netha%&ﬁla e end roEp an VI£¥£ chloro formate can
provide a vi nylteFReydsneasivee vaPPEPgtS r SBPE BPEP LYY nat i ons of

et hyl eni cal | y unasmeratiadustdagionss iaclufiany| Nemathyhener-bisnsf er agents

will be apparen Ial.| ed,.i r Lng. 18 intended to
e 111 astrati vameapAetyianie, “ubBohdBell hiviRp1behelil Phad 1 O1IC
nmononer to hydrpHailewksseer changes the surface properties of polyneric

obj ects nmade fromthe surface active macroners. For exanple, when preparing

contact | enses conta.ning certain_surface ' [.o{rer f this
invention, it has b “F%ﬁﬁ WRaPThPEREF 5%%%%¥§eg?£ §%$2§F#§T%r%onponent
optim zed nol d axd daskophabict dmeth) acrylichestensesudiytas Rikwbti num

clinical perfor@Rigs 2085180k RRErWhhthe RIRYL VRbYet PVEInEIDYET1Of
hydr ophi lic coggone@{. cordingly, the selection of a particular ratio
will be governet F/F QRaaEQFFPcuIar surface properties ultimately sought for

the polyneric object. Cenerally, however, y is preferably in the range from
about 0.1 to about Qm&aengk?thﬁyﬂiﬁBhilic, gel~type lenses may be =~ 1l -
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.



in the range fromabout 0.3 to about 0.9, and still nore preferably in the
range from about 0.5 to about 0.8 . The random copol yners of this
invention are fornmed by a free radical ngchanisn1using a wide variety of
known free radical catalysts such as f'hé dracyl peroxides (eg., benzoyl
per oxi de); dial kyl peroxides (e.g., di-tert-butyl peroxides): ketone
peroxides (e.g., nethylethyl ketone peroxide); and peresters which readily
hydrol yze (e.g., ter@nsutybepefapreaentlyprefrrxad frdersdht e,

di-tert-butyl diperphthalate). A particularly useful cJ]ass of_ peroxy

initiators are Fp 5&P@5h96F858P6§F6egrgﬂgﬁ“%ép%ﬁﬁﬁ4¥y?@%r e de,

nmet hyl et hyl ketggg hyqr qper iiQe, tert-butyl hydroperoxide, etc. The
gkl 24eaits’

initiators shou concentration of about 0.01 to about 10 % by
wei ght of the total formulation, preferably about 0.1 to about 5 % Anot her
class of initiators conprises carbonyl- containing ultraviolet-activated
free radical generators, such as acgiephgepsg),bsagopienase, and benzoin
ethers. OQther suitable UV initiators and initiator mxtures will be
apparent to one of ordinary skill i EB{(tDeGAD¢A)*D*G*DER! vents can be used
in the process. Solvent choice will depend upon the solubility paraneters
of the cononomemha¥®ed and shoul d be chosen to allow full solubilization of

all polynerizate conponents. Preferred solvents |nclude tetrahydrofuran,
di oxane, chl or of or m Adi&RC &n@tﬁ&ﬁéieﬁgtﬁaﬁg?eﬁ 9 5 %ﬁ?is of these

sol vents. represented by the general formula chosen from the

group of
RS RS
{ '
— (cH2} -3 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



- 12 - ‘ The surface-active macromers of this invention may be used to
nodi fy the surfaces of polyneric objects in two ways. In the first, the

surface- active macromer is added to the nonomer mx used to formthe .
pol ynmeric object. In the second, the'p&PyFreri c object is imersed in an
aqueous di spersion of the surface-active macroner, a cross- |inking agent,

and a free radical initiator and the imersion is exposed to ultraviolet:
light to forma permanenmaycheye lethRtd Shieacer ARIRHG HHARS oM] ect .
Illustrations of these techniques are shown in the Exanples of this

appl i cation. The F&ey @i SB8iBEt s whose surfaces may be nodified by

these techni ques ing| ég%&%syrgeaiegi}égrggog %ggdgai%ﬁ;ég%ée){/e A osi tirons and

shapes. Pol yneric obj particu concern in ment of this

i nvention were cont gty LRseyqtife! BR1RARTLSab P SHEdBEeat@Yli fication
sought was to increase surface wettability w thout sacrificing otherw se

beneficial bulk properti @rdanicea@ilenter representad ¥esteei al |y oxygen
perneability). Although the utility of the macronmononmers of this invention
will be further illustratpthdnal ehemicad farmbtalarly to their

i ncorporation into contact |enses, it wll be understood that the utility

of the macronononers of this invenﬁ%n1is not so limted. One cl ass

of contact |enses whose surface may be, ugef y i fied by.ihe
macr omonomers of this inventidh @re §5ﬁﬁiﬂyz#£§e?"i?ént€§?y(%nye_nti onal
ronomer syst ey, [ Qle SUGIL | SlRA%L T\ BLIRORVILRE FRADEAEIhDLE MONOMEY
(i.e., .a nnnoe1ﬁ§ eni cal 'y unsaturateg nononer) and a polyolefinic
(usual l'y 1 to 10 carben atoms:
RZ denotes a =H or -CH; radical;
R> denotes a -H radical or an alkyl radical
with 1 teo
o
i
6 carbon atoms or a -CY-R? radical where
Y is =0~, «8- or -NH- and R4 deriotes
an alkyl radical 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 © to 6;

X is 0 or 1}



13 - di:ol efinic) nononer (e.g., a polyethylenically unsat ur at ed

conpound whi ch functions as a cross- I i nking agent) in an anount
sufficient to insolubilize the resultd ngy hydrophilic hydrogel but .
insufficient to destroy the hydrophilic properties, M xt ures of

hydr ophi I i ¢ nonool efinic nononers are used as well as.m xtures of
cross-linking agents. ._0 noners which are copol yneri zable with the
hydr ophi | i ¢ nmononer 4Hred a(f ho% u{sr;‘e)ci"{% adj ust vari ous properties of the

polymeric material, @sijdsgwelly, known in the art. I'l'lustrative
hydr ophi I i ¢ nononers i nclude water sol ubl e nonoesters of (neth) acrylic
acid with an al cohol having an esterifiable hydroxyl group and at. |east

one additional hydroxyl group such as the mono- and pol y-al kyl ene gl ycol
nmonoest ers of ( meXing abgodyanatss whiqh cat g asedyliyc prepapandofinet h)

acrylate, diethylene glycol nono( met_h) acryl ate, Er op% | ene gl ycol

{rﬁnol(\j_rreltﬂ)lacrd st%i\f?ﬁrk I q‘ﬂ%?{t t%ﬂme(%th | ami d B, ﬁnd tRf’ ke
e N-al kyl and,.. i a su fute .h)acr m dgs ,such as

nethyl | (et h) d%H?/‘?%’Fﬁ“aPe’%gN,‘-:\‘F'csiﬁ?é#’rﬁﬂ?l rg(iﬂé“r@ %?ﬁ'aﬁ'i' e and the I1ke;
vinyl pyrroli ' ' Vi rol i dones:

gl ycidyl (et h)é)%kr‘?ﬁﬁ‘%éé; q'%1*%1aukr}/n&"saﬂt'slu%'lr:%}td@'tc#{z?(r%l%r‘le : mgﬁz&iekoxy et hyl

acrylates; m xtdf £Sod V@i, SthiefR BiRMYarAtd)e 196! .

[llustrative di- or higher polyfunctional speci es enpl oyed as

cross-|inking ageptisabéee dilisdopdreny.eng, 4 eddipheng lglethelr
di (meth)acrylate, ~ propylene glycol di(meth)acrylate, and the
(et h) acryl at e @sisecyatatml vols' Slidycishexyl)nethane

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 diisoc.yanates 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

Ho

fi
[O=C=N=R-N~C~X]3=B -



-14- triethanol am ne, glycerol, pentaerythritol, butylene glycol,

di et hyl ene glycol, triethylene glycol, tetraethylene glycol, mannitol, and
sorbitol. Further illustrations includey, N nmethylene-bis- .
(met h)acryl am de, sulfonated divinyl benzene, and di vi nyl sul f one.
[I'lustrative of other copol ynerizabl e nononmers are hydrophobic
(meth)acrylic esters such as al kyl (nmeth)acrylates wherein the al kyl noiety
contains 1- 5 carbon atons. Wil e soft, hydrophilic, gel-type | enses

ey be nodi fied Ry Ll FRELOGORMIES on0fotdiiid AN with o e@f er | nt er est
I's the nodification 0 ensSes prepared ?ron1 a formul ation including at

| east one silicgRaukPR8BArBEA #toheasy Dee-dydraphiNR - maerer R | ncl uded
in this class of materials are soft contact |ens formul ations (boéth

hydrogel and nodaydroegl p aoderi gllybasapdrbeislz dralent |amesnic

formul ati ons. Preferred soft hydrogel formulations are those

descri bed in U 8adRsmé@nt Application Serial Nos. 07/363,662 filed June 7,
1989 and 07/ 364,204 filed WMy 2, 1989, the entire contents of which are

i ncorporated herein by reference. O her exanples of useable fornmulations

are found in U'S. Pgenty, N3, .4, 136125 adedd b 1 e tch st 189, 546,

and
weight diocls or glycols 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



4,153, 641. one type of presently preferred hydrogel
formul ati ons i ncorporate urethane prepolyners of the general fornula:
E( *DPA*D*Q a*D*A*D*E or - 19 -~ E(*DGD'A) a*D'GDE
wher e A denotes a divalent polymeric radical represented by the
general fornula chosen fromthe group of

[err] wher eitheRieiork1depelightabonkiyt ofdtisal hard et chmi n
fluorinated alkyl radical with 1 to 3 carbon atons; and

provi des a noi dhe peiepolyokr4d§ tiocteaeddy the moleainkax oteighital«s|
di radi cal, an al kyl .
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 (CH3) (RFO)y (CHa) OH: and

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

|
5 gS




cycloalkylidiradical, a cycl oal kyl di radi cal, an al kyl aryl

dirddi cal or an . aryl diradical, with 6 to 30 carbon atons;

G denotes an al kyl diradical, a cycloatky di radi cal, an al kyl -~
cycl oal kyl diradical, an aromatic diradical or an al kylaromatic
diradical wwth 1 to 40 carbon atons which - 16
- reymilave Bt hiprdsurts Polytixyalkyhenggiytols. t he
mai n chai n; * denotes a urethane or ureido |inkage; and E and
E denote pol ylisese sl @ siniswtlude gblymers prepagedafirenrtbiecal s represented
by the general chem cal fornula . £err] wher ei n
R err] denot estRP¥ides e mrtiyigne exidedle2-prepylene oxide, g

CTarbon at ons:

err] denotes a -Hor -CHerr] radical,
R ] butylene oxi 4, 2}2 epoxf%ecane, 1, 2~-gpoxyectane,

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



Rlerr] denotes a -H radical or an al kyl radical with 1to

[err] 6 carbon atons or a -CY-R err] radical where

Yis -O, -S or -NH and R err] denotesy - an al kyl B}
radical with 1 to 12 carbon at ors;

[err] [err] X denotes -C, or -0-GC; Z denotes -0-, -S-,
or -NH; - s [1Gs [had].C ] 0 arpon at ons;
ais at |east fﬂsm%ﬁ%ﬁ%%%dl% r?aq}f ?Js n%gltoe:&uﬁ'? ¥ we§8h ;R

- 17- Y tife OrdXigd .ofNEb0 to 1% 0000 @heke polysilbsanhsacwanates

whi ch can be used in preparation
be synthesized by ‘reacting a disiloxane of the

general formula

CHj (".‘H3
$
HO (CH32)1-2 .‘i':i-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



of these urethane prepolyners include toluene diisocyanate, 4,4

-di phenyl diisocyanate, 4,4'- diphenyl ene nethane diisocyanat e,

p- phenyl ene diisocyanate, dianisidiﬁezaiTsocyanate, 1,5 napthal ene .

di i socyanate, 4,4'-diphenyl ether diisocyanate, 4,4' (dicyclohexyl)nethane
di i socyanate, 1,3-bis- (isocyanato nethyl) cycl ohexane, cycl ohexane

di i socyanato, ¢revpaehl shephenyserelefe see apimrethaii@diéne dii socyanate,
and 3, 5-di et hyl - 4 '-diisocyanato diphenyl h Q her

di i sooyanat es Rﬁg'@ﬁoﬁa9bePﬁsEBn%?%r h\:%h%?rgrﬁﬂnegéﬂai:ﬁ%%i%t@cﬁ i socyanat es

(o1 ed by { eachAge URLSRL ne e LI Bl End Sh I gl SRR G 1 Iy O

i socyanat es EEORESEny] ScBRLRER niafFh/ N WaRENGIT
aminocethyl methacrylate, 3 hyéraxypropyl
methacrylate, amino propyl methacrylate,
hydroxyhexylacrylate, t~butylaminoethyl
methacrylate, monoacrylate or monomethacrylate

esters of bisphenol=A and/or bisphenol*a.

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



wherein Ris a divalent organic radical with 2 to about 20 carbon atons, X
Is -0-, or -NR -, where R is -Hor alower alkyl, and B is a dival ent
organi ¢ radical. The diisocyanage +s reacted with | ow nol ecul ar -
wei ght diols or glycols such as 2,2-(4,4" dihydroxydi phenyl) -propane

(bi sphenol -A); 4,4'-iso- propylidine dicyclohexanol (hydrogenated

bi phenol - A); t | = A | S5 |- A 2,2-(4,
4! E)di R;droxyzji pﬁ%%y§ﬁ-%ﬁ%%§%??fgﬁp%ﬁ%@(ﬁ%{%ngydi phenyl )(

-p-diisopropyl benrsie: 1,3 cyclohexane diol; 1,4-cyclohexane diol; 1,4-
cycl ohexane di nethanol : bicyclic and tricyclic diols such as 4, 8-bis-
(hydroxynethyl) -tricyclo (5.2.1.derr]6[err] decane, neopentyl glycol,
1,4 butanediol, 1, 3-propanediol, 1,5-pentanediol, diethylene glycol,
triethyl ene glycol and the 1440 + ¢G¢ ——3  ID¥GEDe

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



These hard segnments formhard domains in the final polynmer or copolymer by
associ ation via hydrogen bonding with other rigid segnents. The degree of .
association within the hard domai n can b nodi fied by controlling the .
anount of hydrogen bonding between the gegnents by either 1) decreasing
the overall weight content of the hard segnent in the prepolyner by

i ncreasing the nol ecul ar weight of the soft segnment or 2) by decreasing-
the amount of Iedicepprrbdadreprdeasted by the m‘dﬁbe%mmhfﬂ;ﬁ %ei t her
using relatively soft, |onger chained diols, y using primary anm nes or
secondary an1ne§5 C&Hp@& rgﬂenﬁFecﬂﬁar VEPgﬁ?aEB§%BUHE%°? %onj uncti on
with the dllsocyanate rat her than the diols. The hard segnents are
then reacted w 3% §raiéVaPFvely hi gh nol ecul ar wei ght pol yner whi.ch is

[*D*G*D*]A + 2Ee¢ ———3 [E#D*G*D*]oA

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 reprasented by the

following general formulae:
STAGE 2
2 0D s 4 A4 ey [on*]zA
STAGE B

2[eD¥EIoR + 4G4 s {*D*ARD* ] aG



[err],[errI endcapped with two active hydrogens, usually hydroxyl groups.
These segnents formthe so-called soft segnent of the prepolyner. Various
types of high nol ecul ar wei ght pol ynmes scan be used including in general

pol ymers of the follow ng fornul ae a) HO (CHerr])
(Rlerr]Of[err] (CHerr]) OH HO (CHerr]) (R[err](»[err]
CH H ; d 1-4 -
e T o e [ [ (o]

represents pol yoxyal kyl enegl ycols. These diols |nclude pol ynmers prepared
fromthe epoxides: ethylene oxide 1,2-propylene oxide, 1,2- butylene

oxi de, 2,2 epoxydecane, 1[ea€5anq§namuan E—Q-QpOXYEHDFBGDamgG

1, 2- epoxy- 3- et hoxy propane, 2 ,2-epoxy-3-phenoxypropane, .

2, 32 epoxypropyl -4- net hoxy phenyl et her, tetrahydrofluran, 1,2-epoxy-3-
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
bage titration. The isccyanate 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 cm—l, which indicated the presence of
0
i} .

~C=, and 2250 cm-1 which indicated consunmption of -

N=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.



cycl ohexyl oxy propane, oxetane, 1,2-epoxy-5-hexene, 1,

2- epoxyet hyl benzene, 1, 2-epoxy-I|-nethoxy-2- nethyl propane, benzyl oxy
propyl ene oxide, the like and conbinatid®ns thereof. The preferred .
polymers of this class are polypropyl ene glycols of nolecular weights, -
2000, 3000 and 4000 and npre and pol yoxyet hyl ene pol yoxypropyl ene bl ock
copol yners wi-th nol ecul ar wei ght greater than 2000. For nul ae- b)
represents ponquoroethers with [err],[err]- active hydrogens. This class
of polymers can be REAFEHEN #fd the pxep) mﬁrwscmm nyy bes 810, 874.

Ceneral ly, thes oI hqul d_have nol ecul ar hts_between 400 and
10, 000 %ﬁ%ﬂ"é’g‘a 5?‘ e&F‘e%%ﬁt?’FéPPfe[%Fr‘}b%? S AR R YRR .

endbl ooked pol y §id;0%38% nileC beb®t s6AS , PRLERSEafl14dM% being well
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,



present invention should have a nolecul ar weight in the range of 400 to
10, 000. These pol ysil oxanes can be synthesized by reacting a disil oxane of
the general formula [err] wi t h cycl opol ydi et hyl =
sil oxane under acidic conditions.- 27 ~ Alternately, the disiloxane can be
replaced with di met hoxydi nmet hyl silane or diethoxy dinethyl silane to
produce the [err],[err]- dihydroxy endcapped polysil oxanes. The

g;dfﬁgp; N9 MAATELY Ye8EelBn! Bsnai]e@ehwegucares JeempathtnEePT esent ed
and duration, are selected for each individual
reaction system to achieve.conditions that preduce ?
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



as defined supra. The Stage B reaction product is reacted with an excess
of suitable acrylate or nethacrylate gters contai ning a hydroxy or am ne’
-22- group on the non-acryl ate or met hacryl ate portion of the )
nononer to formthe endcaps of the above formula. Suitable endcap
monorer s include hydroxyethyl acrylate, hydroxyethyl nethacrylate,

am noet hyl netﬁa€h9nat% 03 “ymvaQQNQﬁHﬂtelﬁﬁﬁﬂﬁiﬂFPaﬁe fatPRo propyl

nmet hacryl ate, hydroxy crylate t - butyl am noet hyl nethacryl ate,
nmonoacryl ate of*® ie Wte esters of bisphenol-A and/or bisphenol -B.
The uret hane prepolyners are formed by two general synthetic approaches.
One approach produces the rd-soft-hard prepgl ynmer while the second
approach produces the soft-Hard- gt prepolxﬁe The schene used to
pr oduce hard soft-hard | .

cnz-c-(cnz)b-o-c-x 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




uret hane prepol ymer enployed three stages. In the first stage (STAGE A 2
nol e equival ents of diisocyanate are reacted with about 1 nole equival ent
| ow nol ecul ar weight diols. If these diols are represented by the synbol*
*G, where * denotes a hydroxyl radicgd and G represents the rest of the
di ol compound, and the diisocyanate functional conpound is represented by
*D*. where a represents an isocyanate radical, the STAGE A
- 23 -. reaction can be schematically represented as follows:
[err] where * denotes a urethane or a ureido |inkage. STAGE A produces
a so-called "Hard" segment. As is Kigwn |t o glhose skilled in polymer
chem stry, the product *D*C*D* is {tjhe t hemati cal average of al

-(CHz ) {Si=0|— s8i— R®1 :
|l

B a

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



react.i on ﬁroduct nol ecul es. The reaction product of the actual reaction
will contain *O° and J[err]X*GDJ[err]*GDwth c[err]2. Again, the

formul as are numerical averages. STAGE B invol ves reacting about -
one half nmole equivalent of a [err 3er~] - diol endcapped |ong chain
polymer with the reaction product of STAGE A. If *A* represents the |ong
chain diol the STAGE B Reaction is 2*DFG D+ *A* [err]

[*D*G'D*] 2A vinyl darbahA€e;C2,khe-tedglueroRtAgLCVifyDM STAGE B is
reacted with a nol ar excess of 'an endcappi ng nononer which has 1)

hydr oxyl or amaxisadatect ilqiglli,By3,antiex3flaore-pobyapyl zaiihel unsat urati on.
If the -24 - endcapper IS represented by
t he synbol E[e’¥honafifsre *

3- (v;nyloxycarbonylth;o)propyl-[tris(trxmethyls;luxy
)silane]: 3-[tr15-(tr;methylsiloxy)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 formula:



1

Is -OH or- =NHerr] or -NH, the reaction proceeds generally as
[[err]D*GD*][err]A + 2E[err] [err] [E*D*GD*][err] A Optional |y,
STAGE B can be run with nolar excess of [err]Alerr] to produce nultibl ock.
pol ymers of the general fornmula [er&]4DG DA [err]*D*GDerr] where ais
at least 1. This reaction product would be endcapped in STAGE C above.
The second general synthetic_sche using the same nonencl ature descri bed
is represented by the follagwbg gepertgy3d forqul agl

STAGE A 2 [dry] D [Eernli + [enr]Aljerr] [err]
[[err]D*][err]A  A(CHa)4 — Si — O] —| Si — O|SFAGH B- (CHp)4-2 2
[[err]D*][err] + G Eerr

. 1;2 ,[£4D*AﬂD*][£%rr]G

d=l dn

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 trialkyl_s-ilyl aminates
(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,



STAGE-C [*D*A*D*][err] G + 2E[err] [err] [E*DA*D][err]G I'n
general, each of the reaction stages is run until the reactive step is
conpl ete. Reaction progress in STAGES A and B reactants can be nonitored- -
by acid base titration. The isocyanate ntent was cal culated by the

di fference of acid equivalents between a stock solution dibutylam ne-and
its reaction product with the diisocyanate reaction internediate. The
reaction was al so noRi 1®ray bytegaR $5em ok thdSappear ance/ di sappear ance of
peaks at 1700 cn}[erri whi ch_i ndi cat ed {P¥%|T%§sen e of [err] and 2250
cm [err] which indi At ¥rAtHRIFHTT™ - ‘ e synthesis of the

E(r)faegln%/rsrer may be rug -pe:@tisoénifhée%é’{‘iﬁfbmﬁ \Qgc;dcisr ange of aprotic
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

™~

) ; O
R 0

Ry

Ry Ry
where

R; and Rz independently denote H or CHs; and



can be used to synthesize the prepolyners of the present invention.

Sol vents useful in the synthesis include toluene, nethylene, chloride,
benzene, cycl ohexane, hexane, heptane and the |like. Preferred solvents -
are toluene, nethylene chloride and=m3dtuures thereof.

- 26 - Reaction of the prepolyner precursors may be acconplished
I n the presence or absence of catalysts for urethane reactions, such

catal ysts being W?U33|ﬁﬁaM§J AnbBgedBentlpeaknbee BeeRyDfoprepol ymer
synt hesi s where diisocyanate is first reacted with a short carbon chain (2

to 30 carbon ateye)ehdwyiradimatiscul arly 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,

tenperature control ngy be required in orqer %%,avoid/ Lnimze side
reactions. 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-(—1-propeny1)-4,4-dimethy1—oxazol-5-nne
(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



Preferably, the first step of prepolyner synthesis in accordance with the
present invention is carried out bel ow about 100[err]C, nost suitably

wi thin the range of from about 60[err]: 4t9 about 90[err]C. Thereafter, the
second step of the reaction is carried out at conparabl e tenperatures,
preferably wthin the range of from about 40[err]C to 70[err]C The final
step of prepolyner formation suitably is  effected at, tenperatures of from
about room tempdexials partbeulazdbyesefed ’vﬁt‘ﬁ"é‘%dﬁa&ﬂﬁ%f from
about 40[err]C to ahout 50£,GULC ]t_)ei ng nost preferred. As will be apparent
to those skil | 8#PeRighdYaFpntact lenses. - - 27 - optinal
reaction conditions, such as tenperatures and duration, are selected for
each indi'vidual reaction systemto achieve conditions that produce a
favorabl e rate of reaction wi thout fostering undesirable side reactions.



Anong_the suitable catalysts for use in prepolyner formation are tin salts
and organic tin esters, -such as dibutyl tin dilaurate, tertiary am nes,
such as triethyl diamne and ot her _[elcspg_ni zed catal ysts, such as 1, 4-diaza
(2.2.2)- bicycl ooctane (DABCO,). These silicone-containing urethane
prepol yners may be copolynerized with a wde variety of hydrophilic
nononers to produce soft hydrogel contact |en i dr i.|.J.g nmononers
suitable for this Thas¢ X @?ﬁ/&%ﬁ(ﬁ%?ﬁ%‘fﬁ?&rm eat%[eé?‘eﬁaé’i nyl
pyrrolidone, (nmeth)acrylam de, vinyl acetam de, and other ethylenically
unsat ur at ed hyBedghien cSe@yeRAErs. Further conpnoners may al so be added to
enhance wetting or to nodify other properties as is generally known to
those skitled in the art. Anot her presently preferred hydrogel
formul ati on incorporates silicone-containing vinyl

Q
|
Ry ¢l + H2N COOH NaOii
Ha0
Ry - IT) | o°C-
(1)
o) 0
I
Ra Ra C1COCoHs .
W _ Hexane
.NH R4
COOH




- 28 -- carbonate or vinyl carbamate prepolyners of the general fornula:
[err] wherein X denotes an -O, -s-, or -NRerr] divalent radical;
Rlerr] denotes a silicone containing. ofganic radical, Rl err] denotes -
-Hor -CHerr]; Ais 1, 2, 3, or 4; and bis 0 or 1. -
Suitabl e silicone-containing organic radicals (R err]) include the

fol | ow ng; [err] B [err]

- 29 . 2

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,



[err] - where R err] denotes a nonoval ent organic radical such an an

al kyl radical with 1 to 6 carbon atons, or a fluoroalkyl radical with 1 to
6 carbon atons; Rlerr] denagtes -
-(CH err])p-O C CH=CH err] “pPYis1to6 and dis
1-200, and where nis 1, 2, 3, or 4, and mis O, 1, 2, 3, 4, or

The silicone-containing vinyl carbonate/carbanate nononer s speC|f|caIIy

i ncl ude 3- [tr|s(tr|nethyIS|ony)5|lﬁzﬁﬂﬁéﬁﬁl vinyl carbonat e;

1, 3- bi s[ 4- (vi nyl oxycar bonyl ox tetraneth | - _disil oxane:
3-(trimethylsilyl)propyl S = PRERERRNhy| si | oxyet hyl vi nyl
carbonate; trinethyl- S|Iylnethyl V|nyI carbonate,

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.



trinmethylsilylethyl vinyl carbonate; 2,2,2-trifluoroethyl vinyl carbonate;
t-butyl vinyl carbonate ; 3- [tris(trinmethylsiloxy)silyl] propyl

- 20 - vinyl carbonate; 2,2,2-trifd ywoeethyl vinyl carbamate; 1,1, 1,
3,3, 3-hexafluoro-2-propyl vinyl carbonate; 3- (vinyloxycarbonylthio)
propyl-[tris (trinmethylsiloxy )silane]; .
3-[tris-(trinmethylsiloxy)silyl]prop t@ysy carbamate: "Vierr]Derr]",
2,2, 2-trifluoro- I-phenylethyl viny#g%%¥%%ﬁ%te 1- adamant ane vi nyl
carbonate | - ada y | 6 mRniea [ O | vinyl
carbonate; and 1- aoanantane V|ny carbanate Preferred nonhydroge
soft contact lens fornulations are Macgomays of pol yneri zabl e

pol ysi | oxanes containing fluorinated side chains and internal wetting
agents. Further conponents such as

.

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).



13

t ougheni ng agents, crosslinking agents, and other auxiliary nodifiers are
desirably present as taught in U S Patent 4,810,764, the entire content
of which is incorporated herein by refsyence. Pol yneri zabl e, )
fluorinated pol ysil oxanes enployed in this enbodi nent of the invention are
descri bed by the general fornmula: - 31 -

[err] where A denotes an activ§¥§g¥§ﬂ;?turated group, -Rerr] and

Rl err] independently denote al xyl ra th 1 to 6 carbon atons or

phenyl radicals: R Qgéﬂgaﬁﬁ £ition igp%eghFFpﬁnggegahggl radi cal s
with 1 to 6 carbon atons, phenyl radicals, or uorinate

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



al kyl radicals with 1 to 6 carbon atons, provided that at |east one of
Rlerr] or Rlerr] is a fluorinated alkyl radical with 1 to 6 carbon atons;
m+ nis at least 1; and n is at I<daHh ~1. Internal wetting agents-.
("hydrophilic rnononmers”) useful in this enbodi nent of the invention

I nclude N-al kyenoyl trialkylsilyl amnates (hereinafter "NATA") (described
in U 'S, PatentrHMYo.irnd &62506%3) thapec packedlhykt heTigentradk fumsul a
CHerr]=C(E)C(ONHCHG (CHerr])[err]C(0)CSI(R)[er] wherein Eis
H or CH err],alse fitted Wit e miechanipalOpbérrey [and |a grefiux Ris
CHerr], err]Herr] or (Jerr]H er;k . - 32-
mis an int efANGANRATE t & BIOW sStreap of pitrpgencyas Wikd ¥ 10, and

e o SR er " chel Gk 3 Yoy ARHLLBL Nockgy! - rono- and
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



am no acids, hereinafter NAA, inpart desirable surface wetting
characteristics to polysiloxane polyners, but precipitate out of siloxane
mononer mi xtures before polymerizatioff* S conpleted. NAA can be nodified
to formtrialkylsilyl esters which are nore readily incorporated into

pol ysil ocane polynmers. The preferred NATA s are
trimet hyl si |yl Wmethadrydaney0gBgt grdZ6EM) in 10 mL CHCls, was

L et hy - N et KRS nERLLERsaFethe addition the solution
Llrlsrrﬁ P?TL?LLYLI#%%%&%X% 0 gggar {eggosaehoepg 1% I%Er:%f%?irﬂé' i nt er nal
\[Ngni " age%irlgé %e&%ﬂe%?ein ga&ggr raﬂa?gg%;feggg%%e%%%% Hor CHerr];
and mixture was then slowly added to 2 L of anhydrous
ethyl ether and the solid collected. 'i‘ha
precipitation wés repeated a second time followed by
dfying 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).



- 33 - R3 and R4 i ndependently denote nethyl or cycl ohexylradicals.
These preferred internal wetting agents specifically include

2- i sopropenyl 4, 4-di net hyl - 2- oxazol in-prane (| PDMO), -
2-vinyl -4, 4-di net hyl - 2- oxazol i n-5-one (VDMD), cycl ohexane

spiro-4'- (2'isopropeny| 2' -oxazol -5'-one) (1PCO, _

cycl ohexane-spiro-4'-(2'-vinyl-2'-0 =one) (VvVCO, and

2- (- 1-propenyl)-4, 4-di net hyl - oxazolégiggég"%PEm{» These preferred
internal wetting agents have two inportant features which nmake them
particularly desirable wetting agents; (1) They are relatively non-polar
and are conpati bl e pbbdlinher hysh Of Ma( Maerpakysi | oxanes and
t he toughening agents); and (2 They ar e converted to highly polar

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 reflux
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 standargs).



am no acids on mld hydrolysis, which inpart substantial wetting
characteristics. When polynerized in the presence of the other conponents,
a copolyner is forned. These internak g®t&ing agents result through the -
car bon-carbon double bond wth the endcaps of the polysil oxane nononers,
and wth the toughening agents to form copol yneric

- 34 - materials particularly ui%@ﬂihbg BLegedi cal devices, especially
contact | enses. These™0xazol ones are prepared by the general
reacti on sequence [err]

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.



- 36- N [err] The first step is a
Shot t en- Bauman acryl ation of an am no acid. Upon conpletion of this step
the polynerizable functionality is intmadueced by using either acryloyl or
met hacryl oyl chl ori de. Ri gid gas perneable contact |ens
formul ations which are suitable for the practice of this invention are
silicone-based copol yners prepared from sil oxanyl al kyl esters of
met hacrylic acid and other acrylate, nmethacrylate, or itaconate nonomners
in many known formul ations. See U. S. Patent Nos. 4,424,328; 4,463, 149;
4,664, 479; &nd 4, 686, 267
. . oy 8-9

The procedure of Example 7 was repeated usind
higher relative amounts of methoxy polyethylene
glycel 1000 monomethacrylate. THF replaced toluene
as the solvent in Example 9. Results are shown in

Table I.

Example 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.



for exanples..of. such fornul ations. This invention is further
descri bed by the. follow ng Exarrpl_gglS which are intended to be
illustrative, not limting. -37. - N
EXAMPLES SYNTHESES OF RANDOM COPOLYKERS

EXAMPLE 1 Distilled I-vinyl-2-pyrrolidinone, (NVP) 40 g,

2- mer capt oet hanol, 2.80 g and azobi si sobutyronitrile (AIBN, recrystallized
fromethanol) 0.59 g were conmbined with 100 nL of anhydrous
tetrahydrofuran (THF) in a 250 nL three neck flask. The flask was

fitted wth a mechanical stirrer and a refl ux
nitrogen was used to

al so
condenser. A sl ow stream of
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deoxygenate the solution for 15 mnutes. After 24 hours of reflux under a
nitrogen atnosphere, no vinyl protons,gcould be detected in the 60 Mz NWR
spectra (6.5- 7.0 ppm). The hydroxy-term nated polynmer was precipitated.
from2 L of anhydrous ethyl ether. The solid was dissolved in 200 m of
THF and the precipitation repeated twice. The white solid, 29.37 g (69%

yield), was dried under reduced pressure. - 38-
EXAMPLE 2 Synt hesi s of a Pol yvinyl-pyrrolidinone (PVP)
Macromer Hydr oxy-term nat cEXRMPLEQLD g (from Exanple 1), was
di ssolved in 90 nmL of chloroform in a 250 nL 3-neck flask fitted with a
magnetic-stirrer, a reflux condenser, and an addition funnel. Dibutyltin
dilaurate, 32.5 ng, and butykgtes hzdLOé&.otoI%ene, 2.1 mg (BHT), were
added. |socyanat oet hyl £ =

3~Meth oylo vitris(trimethylsiloxyls g

Metho ol lene (1 0o

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



nmet hacrylate, 0.86 g (ICEM in 10 nL CHCl[err], was added dropw se.

Fol lowing the addition the solution was,heated to reflux. After 3 hours no
| CEM coul d be detected by infrared analysis. The reaction mxture was .
then slowy added to 6 L of anhydrous ethyl ether and the solid
collected. Precipitation of the PVP macroner was repeated, from ethanol
into 4 L of ethpluesheereAb|sssdaydng, ¢82 ¥dpadtGwarder mmeduced pressure
the yield of macromer was 7.1 g  (78% . The M1 (nunber average nol ecul ar

wei ght) and Pdpep¥ajapepeitit of thé veepolkymer) WBB6 Jawfd 1.4 (vs.

pol yet hyl ene gl ycol standards). - 39-

EXAMPLE 3 Copol yneri zation of OFPMA and PVP Macroner .

1H, 1H, 5H Cct af | uor opent yl met hacryl ate, (OFPMA) 0.75 g, PVP nacreomner ,
(Exanple 2), 5.0 g, 2-nercaptoethanol, 105 uL, and AIBN (recrystallized

fromethanol), 8.2 ng, were conbiqﬁghﬁﬁiﬁbjigéiﬁg of

Copolymerization of 1H,1H, 5H

Octaf apentyimethac at et

polvethviene ¢lycol monomethacrylates

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,



anhydrous tetrahhdrofuran (THP) in a 250 nL three neck flask. The flask
was also fitted wwth a mechani cal stLer{.and a reflux condenser. A slow
stream of nitrogen was used to deoxygenéte the solution for 15 minutes. .«
After 20 hours of reflux under a nitrogen atnosphere the hydroxy

term nated polymer was precipitated from2 L of anhydrous ethyl ether.
The solid was du§so0byedoi &nd0Paal 3 of 2 yTHF rdihl tish@arer ediomint dni on repeat ed
once. The white solid was dried under reduced pressure |leaving 4.14 g, a
72% vyi el d. TablePbIyneri zati on of N, N-pi met hyl acryl am de( DVA)
Distilled DVA, 20 g, 2-nercaptoethanol, 280 UL, and AIBN (recrystallized
fromethanol), 0.33 g, were conbined with 100 nL of anhydrous

t et rahhyr of ur an - 40 -
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.



(THF) in a 250 nL three neck flask. The flask was also fitted wth a
mechani cal stirrer and a reflux condggser. A slow stream of nitrogen was
used to deoxygenate the solution for 15 mnutes. After 20 hours of refl ux
under a nitrogen atnosphere no vinyl protons could be detected in the 60
Mhz NVR spectra (6.5-7.0 ppm). The hydroxy term nated polyner was
precipitated from2 L of anhydrous ethyl = ether. The solid was dissolved in
100 M of THF and the precipitation repeated. The white solid was dried
under reduced pressure at 30[err]C. The yield was 15.5 g and the W
(nunber average nol ecul ar weight), Mv (weight average nol ecul ar wei ght)

and Pd (pol ydispersity) values were 6, 700, ui1¢318mand 1.7 VS.
pol yet hyl ene gl ycol standards). - = % EYAWLE 5
Preparation of a DMA Macronononer F&dﬁaxy”terh1natéd copol yner, 12
g (from Exanple 4) was dissolved in 90 m of chIo&ofggn] in a 250 nL
3-neck flask fitted with a magnetic sLirrPrg g v . 8
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and a reflux condenser and an addition funnel, Dibutyltin dilaurate,

ng, and butyl ated hydroxy toluene (§Hg%,_10.2 ng , were added.

| socyanat oet hyl
(ICEM in 10 nmL CHCl[err], was added dropw se. Follow ng the additien the
After 48 hours no | CEM could be detected

sol ution

was heated to refl ux.

41 - met hacryl at e,

0.30 g

.36.9

-

by infrared analysis. The reaction mxture was then slowy added to 2 L of

anhydr ous

ethyl ether and the solid collected. The precipitation was

repeated a second tine foll owed ipEaMpreenasap130[err]C under reduced

pressure.

-42-

The yield of nmacronmer was 8.6 g. The Mh, Mv and Pd val ues were
4,400, 7,900 -and 1.8 (vs. polyethylene glycol standards).
Surface Activ aromonot 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 2 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
macromoncmer 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



EXAMPLE 6 Copol yneri zation of CFPNA and DVA macr oner

OFPMA, 1.2 g, DMA macroner (Exanple 5), 56 2- mer capt oet hanol, 105 UL,
and AIBN (recrystallized from ethanol) 18 ng, were conbined with 100 ni®of
anhydrous tetrahhdrofuran (THF) in a 250 m. three-neck flask. The flask
was also fitted with a nmagnetic stirrer and a reflux condenser. A slow
stream of nitr Oﬁﬁﬂmﬂ@és%ﬂﬂot@eﬁoﬁsﬁlﬁé& e r&Pididied am 15 m nutes.
After 72 hours of reflux under a nitrogen atnosphere the conversion to
copol yner was 4dYoxéhy FbR suefyse sictivieinacromdnodsy myepsitdtdnn.48 hours
refluxing, (120 hours total) gave a 60% conversion to copol yner.
Precipitati on ResulRslobtaimédcaoesshewmyin fakke ¥4 owed by drying at
reduced pressure left 6 g of copolymer wth M, My, and Pd val ues of
4,600, 8,100, and 1.8 (vs. PEG standards).



43 EXAMPLES 7-10 Copol yneri zati on of

1H 1H, 5H Cct af | uor opEntyl et hacryl at e and Met hoxy

pol yert hyl ene- gl ycol nononet hacryl at es Exanpl e 7°

A sol ution was prepared by dissolving 9.1 g of met hoxy pol yet hyl ene gl ycol
1, 000 nononet hacrylate in 100 nL of toluene. The solution was carefully
transferred to a 250 nmL three neck flask fitted wwth a nagnetic stirrer
and a condenser. To this, 9.1 g of 1H, 1IN, 5H Cct afl uoropentyl net hacryl ate
(OFPMA), 1.26 g of distilled thioglycolic acid (TGA) and 0.071 g of

azobi si sobutyronitrile (AIBN) were adged, Al Blj,was recrystallized from

et hanol before use. The sol uton st hgn deoxygenat ed using ni trogen for

15 m nutes and then placed undé&t a passive ni trogen bl anket .. After
stirring for 16 hours at 60[err] ¢ the percent conversion was deternined
to be 95- 98% by near infrared (NI R)manal y$.|s The nunber average
nol ecul ar wei ght was deter ni ne§ by S|2e @ 1 X
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excl usion chromat ography ("SEC') vs. polystyrene and by end group
titration. The M1 values were 2,902 ang3l1-815 respectively. Resu
shown in Table I. -44-

Exanpl es 8-9

The procedure of Exanple 7 was repeated using hi

rel ati ve anmounts of nethoxy pol yethylene glycol 1000 nononet hacryl
repl aced toluene as the solvent in Exanple 9. Resul.ts are shown in

Exanpl e 10 The procedure of Exanpl

repeat ed using methoxy pol yet hyl BXAMERESI228830 nononet hacryl at e
using THE as the solvent. Results are shown in

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.

ts are

gher

ate. THF
Tabl e

e 7 was

and



Tabl e 1I. 45 - Jerr] [err] 46
- EXAMPLE 11 Copol yneri zation °
of 3- Met hacryl oyl oxypropyltris (trim=tB4 si)oxy) silane and .
Met hoxy pol yet hyl ene glycol 1.000 nononet hacryl ate |,
A sol ution was prepared by dissolving 7.1 g of
Examples 23=-27
The procedure of Example 22 was repeated using
hydroxy terminated copolymers (dissolved in
chloroform) from Examples 13-17. Results are shown

in Table 1V,



net hoxy pol yet hyl ene gl ycol 1,000 nononet hacrylate in 100 m of tol uene.
The solution was carefully transferb®ato a 250 nl three-neck flask fitted
with a magnetic stirrer and a condenser. To this, 12.8 g of

3- et hacryl oyl oxypropyltris (trimethylsiloxy) silane (TRIS), 1.0 g of
distilled thioglycolic acid (TGA) and 0.059 g of azobisisobutyronitrile
(AIBN) were added. AIEN was recrystallized fromethanol before wuse. The
sol ution was then deoxygenated using nitrogen for 15 m nutes and then

pl aced under a passive nitrogen blanket. After stirring for 16 hours at
60[err] C the percent conversion was determned to be 95-98% by near
infrared (NIR) analysis. The nunber average nol ecul ar wei ght was

determ ned by size exclusion chronatography vs. polystyrene and by end
group titration. The M - 47 - val ues were
2,895 and 2,083 respectively. The
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3 Al

pol ydi spersity of the copolynmer was 1.5.

Copol yneri zation of 1H, 1H, .5H qg afluoropentylnethancrylate and

Met hoxy pol yet hyl ene gl ycol, o onet hacryl at es OFPMA, 15
g, nethoxy polyethylene glycol 1,000 nononethacrylates, 50 g, .
2-mer captoethanol, 2.34 g, and AIBN (recrystallized from ethanol), 0.164
g, were conbined with 500 nl of aggaNppEXdsire of THF and nethanol (MECH )
inal L, three-neck flask. The flask was also fitted with a nagnetic
stirrer and a reflux condenser. The m xture was stirred until al

reagents were in solutlon A sIom1strean1of nltrogen was then used to
deoxygenate the sol u e RIS £5 PrepasakdoBf refl ux under a
nitrogen atnosphere the conversion to copolyner was  99+% (by N R

anal ysis). Solvent was renpoved by flash evaporation |leaving a viscous oil,

whi ch upon Distilled glycidyl methacrylate, 1.58 g,

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
Surface Active Macromonomer Preparxation

Hydroxy terminated copolymer, 3.14 g (from

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



standing forned a wax-like solid. Values for Mh, Mv and Pd were determ ned

vs. polystyrene, (M= 3,700, - 48 - Mn=
6,30D and Pd = 1.72). Results are showa 6% ~Table I1I. -
Exanpl es 13-17 The procedure of Exanple 12 was repeated using

met hoxy pol yet hyl ene gl ycol nononethacrylate in different nol ecul ar

wei ghts and relative anounts as__indicated.,in, Table |1 jch al so
summari zes the ¥ &S89 P& Baﬂ&FﬁeE?aSﬂ #ittea witl & T%ﬁ?¥{k°

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



[err] - 50 - Surface Active

Macr onmononer Preparation Distéd |l ed gl yoidyl nmethacrylate, 1.83 g, -
p- met hoxyphenol, 2.5 ng (MEHQ, and two drops of N, N-di net hyl dodecyl am ne
were added to the solution fromExanple 7, The mi xture was allowed to
reflux wunder a nitrogen atnosphere for 5 hours. The solution was washed 3
times with dil drepwddeum Fehl bwing etlhel add vniemdhenselntionwwaer . The

organic |ayer was dried over nmagnesium sul fate, and toluene renoved by
flash evapor at PeAtEA keduediupr esAffer 20HReYES & fFaces of2 IFEM5% vi el d) ,

pol ystyr ene) aRA3aRg RRpevEs bhniagrared Snalyslal®o by SEC Ve
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



osnonetry, vpo). The pol ydispersity (Pd) of the nmacronmononer was 1.09.

Results are summarized in Table III. Exanpl es
19- 2| The procedure of Exanpl e 18 ssas- repeated using the sol utions-
from Exanpl es 8-10. The copol yners of -51-

Exanpl es 9-10 were isolated and redi ssolved in dioxane for surface active

macr onononer preparation. Results obtained are shown in Table |11
-52- (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.



[err] - 5% - EXAMPLES
22-27 Surface Active MacrorpRBrer Prepar ati on Hydr oxy :
term nated copol yner, 41.744 g (from Exanple 12), was dissolved in 225 nis

of THF, in a 500 nL 3-neck flask fitted with a magnetic stirrer, a ref

| ux condenser, and an addition funnel. D butyltin dilaurate, 1.57 g, and

butyl ated hydroxy toluene, 10 ng, were added. | socyanat oet hyl

met hacrylate, 1.98 g (ICEM in 25 nL CHCl[err], was added dropw se.

Foll owi ng the addition the solution was heated to ref lux. After 16 hours
0.2% 1 CEM was detected by infrared analysis. Methanol, 5 nL, was
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added to react with the slight excess of ICEM Chl orof ormwas then renoved
by flash evaporation. The residue was |eft under high vacuum overnight to
renove residual solvent |eaving 42.4 g of wax-like sem solid. Values for .
the Mh, Mv, and Pd were determ ned vs pol ystyrene standards. Results are

summarized in Table IV. - 54 -

Exanpl es 23-27 The procedure of Exanple 22 was repeated using
hydroxy term nated copol yners (digsxipasel 430 chloroform from Exanpl es
13-17. Results are shown in Table IV. - 55 -

Polyurethans Monomer Mix

A urethane prepolymer prepared frem isophorone
diisocyanate, diethylene glycel, pelysiloxanediol
(melecular wt. 3,000) and endcapped with
2-hydroxyethyl mgthacrylaﬁe 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-hexanol 40 parts
BME 0.2 parts

The resulting clear mix was then filtered threugh a

1.2 micron filter into a clean glass vial.



[err] 56 -
Surface Active Macronononer Preparation
met hacrylate, 1.58 g, p-net hoxyphenoT,Ga._S ng (
N, N- di et hyl dodecyl am ne were added to the sol ut

EXAMPLE 28
Distilled glycidyl
MEHQ) , and two drops of
ion from Exanple 11.- The

m xture was allowed to reflux wunder a nitrogen atnosphere for 5 hours. The

solution was washed 3 tines with digzxsprsdiam

ol thane Monome ix Containin

Eu Activ ag

A monomey mix was prepared as

SAM

in Example 43

 except that 0.25 parts by weight of SAM 80/20

(Example 18) was added.

EXAMPLE 45
Polvurethane Mo r Mix &

A nmonomer mix was prepared as

ning s

in Examnple 43

except that 0.25 parts by weight of SAM 50/50

(Exampla 20) was added.

PLE
ha o a i on

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.



carbonate solution and once with water. The organic |ayer was dried over
magnesi um sul fate, and toluene was renoved by flash evaporation at reduced
pressure. The residue, 17.64 g (84% yLeggl). of viscous sem -solid .
macr onmonomer had M values of 1,593 (by SEC vs. polystyrene) and 1,918 (by
vapor phase osnonetry, vpo). The pol ydispersity of the macronononer was

1. 6. EXAMPLE 29 Surface Active

Macr onononer Preparation Hydroxy term nated copolynmer, 3.14 ¢
(from Exanple 3), was dissolved in 90 nL of chloroform in

-57- a 250 nL 3-neck flask fitted with a magnetic stirrer, a reflux

condenser, and an addition funnel. Ekﬁyiilxin dilaurate, 3 drops and

but yl at ed hydr oxy
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



toluene, 3 ng, were added. |socyanatoethyl nethacrylate, 89 uL (ICEM in
10 mL CHCl[err], was added dropw se. Followi ng the addition the solution
was heated to reflux. After 12.5 hours é40-l CEM coul d be detected by .
infrared anal ysis. The reaction m xture was then slowy added to 2 L of
anhydrous ethyl ether and the solid coll.ected. After drying at 30[err]C

under reduced presbsure the yield of macroner was i ., The Mh, Mv and Pd
val ues were 4, FRF @f%’(ﬁeané‘mf.‘@ (VSV ri;'@t'ﬁ?’FEﬁ 181"98’6? st andar ds) .

Surface Active NRgE0NMDN [.Br LA QN s " Hydroxy term nated

copol ynmer, 4.5 @,i'i(’f':?é‘?ﬁ%%?%%ge lw%§wd|bsls§ol ved in 90 nL of chloroformin
a 250 nL 3-neciq ) fag duld | ARG pehitabbshesitoRanéf | UX candenser,
and an additi onég}c unnel . HD%%% rﬁdi I au?tgfe, 2 drops and butyl at ed

hydr oxy tol uengyzise sty Hw\arshad dedik)l, s arpamaloebhsl nethacryl ate, 93 uL
(ICEM in 10 nL CHC [err], was added
2-hydroxy-2-methyl~i=-phenylpropan-l~one (DarocurR).

The proportions (by weight) are listed below.

TRISV 55 parts
NVP 30 parts
vaD2s 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.



dropwi se. Following the addition the solution was heated to reflux. After
20 hours a trace of ICEM could be detected by infrared analysis. The
reaction m xture was then slowy added tgg 2 L of anhydrous ethyl ether and
the solid collected. After drying at 30[err] C under reduced pressure the
yield of macromer was 3.14 g. The WMh, MWand Pd val ues were 4,900, 8,900
and 1.8 (vs. PEG standards). Surface Tension Determ nation

Usi ng the W1 hel ny Pl aBXAMBIENSY e Macr ononormer
solutions were prepared with distilled water at nolar concentrati ons of

uoYro 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
VDIMO " 5 parts
BME 0.2 parts

The resulting solution was filtered. The
fluorosilicone monoamey employed is described by the

formula



10[err]-10[err]. The surface tension of each solution was neasured by the
Wl helny Plate technique on a Wttek, nodel SFA-212 , instrunent. A test :
solution was placed in a jacketed beakegg which had been cleaned with .

chromc/sulfuric acid for 40 mnutes, rinsed with clean water and dried
overnite at 120[err]C. Data was collected by_dipping a glass cover slip

(cl eaned by passing through T&ane I t o, eac scﬂfﬂion several tines at-
the follow ng conditions: ﬁU]PI fc$E1spe ? 0.16 mm sec
| mrer si on depth 0. frper ag ur el | 34 l[err]c
The data was anal yzeﬁ(Ggﬂig ¥er @ soﬂ\’/\"/ar%."'lfe‘smt%)é‘%om bel ow in
1 !

Table V . : 2 4 2

A . . R R R

m [ n

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 osilicone epolymer Mix € 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.

BXANPLE 53
A monomer mix was prepared as in Example 51

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



- 60 -
EXAMPLE 43

[err]

~ 67 =

EXAMPLE S4-64
ont Lens Cas ol

Anterior and posterior mold surfaces were
cleanad by electrostatic deionization in air and
transferred to an inert (nitrogen) atmosphere. 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 ethanel and water or l00% ethanol. Lenses and
solution were placed in an ultrasonic bath at 50°C
and allowed to release. Lenses 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.



A ur et hane prepol ymer prepared fromisophorone diisocyanate, diethylene

gl ycol , pol ysi
2- hydr oxyet hyl

| oxanedi ol (nolecular wt. 3,000) and endcapped with
nmet hacryl ate was conbime@® with the follow ng;

met hacryl oyl oxypropyl tris(trinethylsiloxy)silane (TRIS), N,

proportions are given bel ow.

N-di met hyl acryl am de (DMA), N-hexanol, benzoin nethyl ether (BME). The
Ur et hane prepol ymar 35 parts
35 parts DVA 30 parts

TRI' S
N- hexanol

The resulting.

a clean gl ass

vi al .

Analvsis for Surface-Active Macromer at Contgct Lens
Burface Electron gpectroscopyv for chemical analysis
JESCAY

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

40 parts F¥%¥€ﬂ§;$% 0.2 parts
clear m x was then fi ough a 1.2 mcron filter into



-62- EXAMPLE 44 Pol yur et hane Monomer M Xx
Cont ai ni ng Surface Active Macroner (SAM A nononer

m x was prepared as in Exanple 43 excepggtbat 0.25 parts by weight of SAM
80/ 20 (Exanple 18) was added. EXAMPLE 45

Pol yur et hane Mononmer M x Cont ai ni ng SAM A nmononmer m x was prepared

as in Exanple 43 except that 0.25 parts by weight of SAM 50/50 (Exanple
20) was added. because the corndentration 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 surfactant as in
Exanmples 55, 56, and 58 caused a marked reduction in

the contact angla.



EXAMPLE 46 Pol yur pt hane Mononmer M x cont ai ni ng SAM A
monomer m x was prepared as in Exanple 43 except that 0.25 parts by weight

of SAM 80/ 20 5k (Exanmple 23) was added.70 - -63
EXAMPLE 47 Pol yur et hane ‘Mononmer M x Cont ai ni ng SAM A
nmononmer mx was prepared as in Exanple 43 except that 0.25 parts by wei ght
of SAM (Exanple 29) was added. able ¥I EXAMPLE 48
Exawple No. Contact Angle
54 35
1 20
. 56 . 14
58 24
EXAMPLE 67

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



Pol yur et hane Mononmer M x Cont ai ni ng SAM A nmononmer m x was prepared
as in Exanple 30 except that 0.25 parts by weight of SAM (Exanple 30) was

added. EXAVPLE_ 49 _ Vi nyl carbonate
Monomer M X A solution was prepared by conmbining .3 [tris
(trimethyl siloxy) silyl]propyl vinyl : _ -64 -

carboxam de (TRISV), 1-vinyl-2-pyrrolidinone
( N|VP) pent acont a7t il alawebk® of4ixi-gutoXysRéE bﬁayﬁwybﬂwl fhpent acosa
si | oxane

lenses of Example 57 were wettability 3.2 and

deposits 1.0 compared to 2.0 and 1.6, respectivelg,

for the control lenses of Example 54.

B PLE &8

{cal 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),



a n

(V2D25, Mw range 2-4k), nonanol, and
2- hydr oxy- 2- net hyl - | - phenyl propan-1|-one (DarocuR ). The proportions (by

wei ght) are listed bel ow. TRI SV72 = 55 parts NVP .
30 parts V2D25 15 parts Nonanol 10 parts
Dar ocur R 0.2 parts The solution was filtered into a glass vial.

EXAMPLE 50 Vi nyl Carbonate anoggg g x Cont ai ni ng SAM A

nononer mx was prepared as in Exa cept that 0.36 parts by weight
of SAM 80/20 5k (Exanple 24) was added.

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



65 - EXAMPLE 51 Fl uorosi |l i cone

Prepol yner M x D met hacryl at e- capped

pol ydi met hyl si | oxane/ pol ynethyl - trifldop®propyl sil oxane
Merr]Derr]F[err] as described in U S. Patent 4,810,764 (fluor03|llcone)
oct af | uor opentyl net hacryl ate (OFPMA), 2-vinyl -

4, 4- di net hyl - 2- oxazal i n-5-one (VDMD), and benzoin nethyl ether (BME) were
combi ned in the ®Rehghie p?bpéprlénnﬁsﬁeﬁm°56¢ﬁﬁvh°ur and fhe,demsi€s cone

98 parts OFPNVA

5 parts pVEeTe analyzed as in Examglg %‘;Ttghe rﬁfg&meﬁeng sol ution

was filtered. TheeylLugsesl! hCengndPAGPBE €8P % Yhich dbidiped b the

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



formul a - 66- [err]

wherein Ais a nethacrylate group; R err], R err] and R err] are nethyl
groups: R[err] is a trifluoropropyl group? mis 36; and n is 65, .
Fl uorosilicone Prepolymer M x Containing SAM A nmononer m x was
prepared as in Exanple 51 except that 0.25 parts by wei ght of SAM 80/ 20 5k

(Exanpl e 24) wa3e8dd¢ds then sealed in a vial in RI¥¥Rlda sadine

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.



Fl uorosilicone Prepolymer M x Containing SAM A nmononmer m x was

pr epar edgg«uwr-Exanpl e 51 except that VDMD was replaced with SAM 80/ 20 5k
(Exanpl e 24). ' -67- -
EXAMPLE 54- 64 Cont act Le Cast Mol di ng Ant eri or
and posterior nold surfaces were cleane y electrostatic deionization in
air and transferred to an inert (nitrogen) atnosphere. The nold anterior
was then filled with 40-80 uL of nononmer m x, (exanples 43-53) in the
inert atnmosphere and placed on a cagxawpuyy atze. The nold posterior was
then positioned. Once the casting plate was full the top plate was aligned
and ' _

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.



ti ghtened down to 18 inch-pounds. Casting plates were then placed under
ultraviolet light at 4,000 u watts/cnlerg] - (oxygen level was [err]50ppm,
for one hour. Follow ng separation the nold hal ves containing |enses were
pl aced in a 70/30 vol une/vol une solution of ethanol and water or 100%

et hanol . Lenses and solution were placed in an ultrasonic bath at 50[err]C
and all owed to rel ease. Lenses were EXANPLEr24Ssferred to absol ute et hanol.
After one hour the solvent was exchanged with fresh ethanol and all owed

to stand for 48 hours. Ethanol was then renoved by water extraction.

- 68- : = . Sur face Actlve throner at
Contact Lens S {5, acTamek g
Surfac
on Angl

The contact angle of the surface coated 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. °

REXAMPLE 75
Clinical Evaluatien Exam 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,
respectively for wettability and depos;ts for

control lenses of Example 54.



El ect ron Spectroscopy for—cthem cal analysis (ESCA) utilizes a

nonochr o W energy Xx-ray to produce a core |eve
i oni zatlgﬁw EHMH ,H ﬂof the ejected hotons are neasured and .
subtracte e incident photbn“to obtain their binding
energi es. These energies identify the elenents present at or near the
sanpl e . surface. The pol yurethane | ens of Exanple 55 was subjected
to ESCA anal ysi gnalk X ra! kpeidept angles of 15, 45, and 90 degrees. The
smal l er the incident sang Eth shal l ower the probe depth of the sanple
surface.- The atom c percent concentration of fluorine at the different
I nci dent angles was 5.33, 3.38 and 3.33% respectively. These data for the
fluori ne atom ade i ndi.zandes cbpalymenh mwed Ry mpmxm active
macroner at the |lens surface - 69-

at least one ethylenically unsaturated hydraphllic

monomer and at least one athylenically 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.

T “Tin
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because th Lon of total macronmer in the |ens sanple was only

0.25 wei ghﬂ"mﬂgﬂmmw EXAVPLE 66  Analysis for

Sur f ace- Act rvec S Cont act Lerts 78 - Surface Contact

Angl e The contact angle of the surface of contact |enses prepared

i n Exanpl es 54, 55, 56, and 58 were neasured by the captive bubble

techni que. The ,l ens r i f akl.pe solution and a
L0 e OB 4 i haps Lieedahid

bubbl e of air was at e e undersurface e lens. The angl e nade
by the intersecgtRpl@hichiy | eisatiichtd pyarephiaees ndnemBRASH, edsusi Ng a
gonioneter. The | ower the contact angle the nore hydrophilic or water
wettabl e i s theaheeshglehicelly Resdturated podyoxyalXybeseVl. Note that the
| ens of Exanple 54 contained no polynerizable surfactant. Addition of

pol yneri zabl e sEelectedt £remthe proR &ensdstapyd 88d 58 caused a narked

reduction in t(Segg?;gfﬁlggghe;olyoxyalkylenes, {meth)acrylamide

-

polyoxyalkylenes, styrenyl polyoxyalkylenes, alkenyl
polyoxyalkylahes, 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 nonomer, 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

This Sheet Has Been

i
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- 70- T ——————— _Table VI Exanpl e No

o NI . pmes M

79 - EXAMPLE 67
q i ni cal Evaluatlon of Exanple 57 Fi ve subj ects wore one contact
| ens of Exanple 57 (containing the polynerizable surfactant of Exanple

23) in one eye,an ne._c on L, en ( out
pol yneri zabl e éﬂ?€38P5ﬁ¥¥ %ﬁsfhg %?ﬁi (g§§h>qﬁ5?ﬂ§m S Mé¥% anal yzed after
a mnimm of && i sfidsScafixyettability
and surface de8§§¥?§§%b8§ﬁ t%ggyif?%ﬂffc5Pﬁ&ﬂ££ ! e
(meth)acrylates, N~-fluoroalkyl (meth)acrylamides, N~
fluoroalkyl vinylcarbonates, N-fluoroalkyl
vinylcarbamates, silicone-centaining
(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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rating s 0 4, where 0 was nore than 2/3 of the anterior |ens
surface Eﬁ qu uﬂrﬁn filmand 4 represented conplete (100% wetting by

tear fil n scale was ©-8where 0 represented no surface -«
dep03|ts and 4 was nultlple deposits of " L 11
05 nn1d|aneter or larger. The results for the |enses of Exanple 57
were wettabili . gwand deposits.1 e 0_2..0 .0
respectively, %ﬁg ESR?igr'eFenseggﬁigga%?'éeﬂzthe aﬂﬂ'xc]t:._dnal

EXAMPLE 68 C al gat Si X
| h (kegiCabe o 1 “tﬂ% ;i‘?é@ifcﬁcﬂcd .
subj ects wore gbﬁfgbﬁrﬁenggg O% Eﬁ % €pared fromthe nononer nmix
of Exanple 50 and
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 (ﬁEHA), and ﬂ-alkyi-n-vinyl, |

acetamide.

198. The surface-active macromer of claim 17 wherein
A is an ethylenically unsaturated polyoxyalkyiene

selected from the group consisting of

TG
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cont ai ni1g-+ he pekyrrer rzabt e-surfact ant efv-~Exanpte 24)

In both eyes for=&

peri od of one heur—and the | enses were anal yzed as in Exanple 67. The
results were wett and deposits 0.1 which conpares favorably te
val ues of 2 M‘ ctively for wettabi lity and deposits for
control Iens e 54 (whi ch contai®Aed no pol ynerizable
surfactant). -72- EXAVPLE
69 Clinical Evaluation of Exanple 56 (1K 50/50 PECSAM Ei ght

subj ects wore one COMtRA) actyhst e pEXWa&kySénég).r dpatbliacryiantide nononer
m x of Exanple 45 and con a,i ni n zabI rfact
20) and one cont r ol PLIRKERLKY %WX‘SW Pﬁ&&#eﬁ%ﬁ’y
surfactant), in thepﬂ%al%negheviﬁls%rﬁﬁ&@wy%ﬁﬁvldﬁ&xam| e 67

after a m ni nrum of oné hour of wear for surface

and vinyl carbamate polyoxyalkylenes.

Ao

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)acrylates, N-alkyl (meth)acrylamides, 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.

lmd}hsBamR1immd
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charact erigt i<cs +afvsnet sabid tt+yvand surfaee+ deposition. The results for tthe
| enses of Exanple 56 were wettability 2.6 and deposits 1.2 which conpares .

Lg\éﬁﬂﬂ”"m)ﬂl‘fwfﬂum I gniegngf 1E>7<arrplr gsgjct—i vely, for wettability and ..

EXAMPLE® 70 " @ inical Evaluation of Exanple 58 (80/20 NVPSAM

Fi ve subj ects wor ezzontraet sﬁmaei::.&(am&kem& of( ptaparsd vheogihhe nononer
m x of Exanple 47 and containing the yneri zabl e surfactant of

- 73 - Exanpl e 0P St3renic Rqnogess sﬁbﬁ?tefmfrf’ﬂeﬂf"er?fé’é‘p wer e
analyzed as in Exaea{s%s‘éln%m@ d1§2iht m&s-ma\@iﬁlahtﬁéﬂe padaand deposits

1.4 which conpares favorably to val ues of 2.0 and 1.6, respectlvely for
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. '

Sheet Has Been Reﬂlaced
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wettabitity a“nd“dE‘posi'tS“fcrr‘COh“t rol | enses of” “Exanpl e—5%: -
EXAMPLE 71 Surface Coating of Pol yurethane Contact Lenses A

sol uti rface-active macroner of Exanple 18, 0.007 g of -
neope ﬂ"lﬁ @,W”ﬂ hacryl ate and O. OQ§8 g of BME in 100 nL of
deoxygenate d water was prepared by stirring at roomtenperature
for one hour. contact |lens, prepared as described in Exanple 54, was
placed in a 10 m_ |Lens_vial -and the vial was filled with the solution
under a nitrogen atmo m%r%‘fﬁaﬁeaaaﬁ%mbwmerhefw%azw& wheredp with a
Teflon lined stogpgg @n&/@gﬂ)@ﬁf@éed BE%EOB%%%‘% HeAgvaRbepdyf I 2di at ed

wth 2500 uWcnjerr] of | i'ght™ for 2 hours ens was renoved from
the vial, washed Wmeth)afxylateddispavamatextracted in ethanol for 2 hours

and boiled in distilled water for 2.5 hours. The
34. The surface-active macromer of claim 29 wherein

D is a vinylcarbonate derived from wvinyl

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 claim 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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$77- 1. A surfag Fnpol yner descrlbed by Ihe
C [A[err]B[err]] nﬂhﬁé% idnoner uni t der'VﬂQSt

et hyl enically uns rat ed hydrophiiic nononer sel et ot a8
consi sting of ethyl gni ' ited pol yoxyal jﬁgfiﬁgﬁ [ %gd%?fg """
pol yvi nyl pyrol | i dojn pol yvi nyl oholsﬁ-polyhy roxye ci'yl Resa e
and N-al kyl - N-vi ny I§ a nononer uniy de ed fromat |east

one et hyl enically unsaturated hydroghobic nononer t F-ansfef.:--

A L Nal PLOYhAER THRVABALE bRl 1aenldd i Ainctbsaayeaharddblipon of a

pol ynmeri sabl e e I call'y unsaturat group, hi'n®the range
from about 0.1lghg @bﬁubr@m% A shrkebuently be reacth8 GoBR!YVERG.Qf claim

1 wherein the ethylenicall
glycidyl- me*hacrylate to give a terminal methacrylate

polymerizable group. Yamashita used macromexs cf MMA
to prepare graft copolymers of fluorcalkyl acrylates
with polyMMA grafts. Yamashita does not téach the
synthesis of polymerizable surfactants by the
ﬁacromonomer technique. '"Die Makromolekulare Chemie,
vel. 186, 1986, pages 251—271“ discloses a random
copolymer prepared by copolymerizing a hydrophilic
muuvkel such as aswylamide and poly (dodecyl acrylate)
macromoncmer in the presence of a fluorinated thiol

(CgF43C2E«¢5HE} as chain transfer agent.
2182, OF THE INVENTION

A new class of polymexrizable surfactants has now
been found that modify the surface prepertics of »
polymeric object. The polymerizable surfactants are
novel surface active wmacromonomers described by the
formula:

DC[AyBy]
wherein A is at least one ethylenically unsaturated
hydrophilic monomer, B is at least one ethylenically
unsaturated hydrophobic monomer, C ié a functional
chain transfer agent, D is an ethylenical;y unsaturated

end group, y is within the range from about 0.1 to



unsat urat ed hydrophilic nmonomer, A, is an ethylenically unsaturated
pol yoxyal kyl ene selected fromthe group consisting of (neth)acrylated
pol yoxyal kyl enes, (neth) acrylam do pol yoxyal kyl enes, styrenyl

pol yoxyal kyl enes, al kenyl pol yoxyal kyl enes vinyl carbonate

pol yoxyal kyl enes and vi nyl carbamate pol yoxyal kyl enes. _

-78- 3. The copolyner of claim?2 whereip_the polyoxyal kylene is

pol yet hyl ene oxi de. 4. The copol yner of claim2 wherein the

ethyl eni cal | y aas@t 81 §t ednRy 4r @pY Li § ,mReTRr pz%fér%éd*%ﬂyc%ﬁfﬁféﬂ,ed
pol yet hyl ene oxi de. 5. The copol yner of cl&im1 wherein the

ethyl eni cal | y +y@SgburAbeYchKBReRR LkCameBAfRLE Aerss @ Methacrylate
endcapped pol y-N-vi nyT pyrrolidinone.

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 one ethylenically unsaturated
hydrephilic monomer in the presence of a functional

chain transfer agent.

[REPLACEMENT SHERT
28 MAY 1998




6. The copolyner of claim1 wherein the ethylenically Unbﬁi%
hydrophilic monomer, A, is a methacrylate endcapped poly-N¢

2 ACEMENT SHERT
n the

N- di net hyl acryl am de. 7. The copol yner of claim 1l wherdi

group consisting of alkyl (meth)yacrylates, Nalkyl (meth)acdylam

ethylenically unsaturated hydrophobic omer, B, is select?d éS%@%;%ﬂ%

al kyl vinyl carbonates, al kyl vinylcarbamates, N-fluoroal k)

vi nyl carbonates, N fluoroal kyl vinylcarbamates, siliconefcontaining

(met h) acryl at ehaimeitansden agardy, wilsy Wwikhinnthesrangeny

styreni c nononers and pol yoxypropyl ene (neth)acryl ates.

-79- 8. The OcQpdioymdowdf @i rArA wher &f iFthe styrenic nononers are
selected fromthe group consisting of styrene, al pha-nethyl styrene,
par a-net hyl styrene, para-t-butyl nonochloro styrene, and para-t-butyl

Cuitable othylonioally uncaturated hydrophilin
_.monomexrs (A" in.the above formula)} include
ethylenically unsaturated polyoxyalkylenes,
polyethylene oxide, polyacrylamides,
pelyvinylpyrrolidones, polyvihyl-alcohols, poly
(hydroxyethyl methacrylate) or poly (HEMA), and N-
alkyl-N-vinyl acetanides and methacrylate endcapped
poly-N,N-dimethyl acrylamide. Ethylenic unsaturation
may be vrovided by (methjacrylate,. (meth)acrylamide,
styrenyl, aikenyl, vinyl carbonate and vinyl carbamate
groups. Freferred hydrophilic mécromonomers include
methoxypolyoxyethylene, methacrylates of molecular
weights from 200 to 10,000, more preferred are
methoxyrolyoxyethylene methacrylates of molecular
weight range of 200 to 5,000 and most preferred are
methoxypolyoxyethylene methacrylates of moleculax
weight range of 400 to 5,000. Additional preferred
hydrophilic macrcmonomers include poly-N-
vinylpyrrolidone methacrylates of molecular weights of
500 to 10,000. More preferrsd are poly-N-
vinylpyrrolidone nethacrylates of molecular weights of
500 to 5,000 and nost preferred are poly-N-
wvinylpyrrolidone methacrylatés of molecular weights of

1,000 to 5,000, Other preferred hydrophilic




di chloro styrene. 9 . The copolymer of claim1l wherein the, ethenlcaIIy

unsat ur at ed hydrophobi ¢ nononer, B, is 3- nethacryloxyproo;j?wﬁﬁ- LERT:
(trimethylsiloxy) silane. 10. The copol yner of claim1 wheteka Lk
ethylenically wunsaturated hydrophobic nononer, B, is 1-H, {l -
oct af | uoropentyl nethacryl ate. 11. The copol ynmer of cl din

functional chain transfer agent, C is selected fromthe drq
of nercapto carboxylic acids, nmercapto” 8arcohol s, and am n¢

12. The copolymer of claiml ereln t.he nctlon chai f=ap
C, is thiogl yc%apsommers e ﬁé@ @&&m %& %qcxmewaﬁt he

functional chaip_transfer IS to t hanol The
copol ymer of cP§ 'Wié%ﬁsn%fﬂr:é’q Laks éﬁelgeﬁ?ﬂpr? r%‘ﬁ%f*&‘? Ja%e?ﬁo C is
2-am noet hane th'0|prefarred 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 1,000 to 5,000.

Suitable ethylenically unsaturated hydrophobic

moncmers ("B" in the above formula) incliude alkyl




-80- 15. A surface-active macromer described by the for
DC [Alerr]B[err]] wherein Ais a nononer unit derived fr
et hyl enically unsaturated hydrophilic nononmer, Bis a no
fromat | east one ethylenically wunsaturated hydrophobic

chain transfer agent that provides appro@d ate functiona
subsequent addition of a polynerisable ethylenically uns
group, and [err] is an ethylenlcally unsaturated end gro

the range fronbﬁ@@gin(%j.go e aggah reln s a¥sCribed

surface-active macroner claf m IS selecte

pol yv1 nyl BT 0 ES%?Z?’E?%’&%%??%%QF“P%%‘?%k“é#%‘%%é

dmial
dofer unit derTv

Tonone8.MAY Heggt
l}i §y for

".t ]
%% y is within
r8n1?ﬁengroup
pol yacryl am des,
t hyl methacryl ate,

and N-al kyl -

N-vi nyl

Selection of the ethylenically unsaturated end
group ("D" in the above formula) is determined by the
functional group of the functional chain transfer
agent. TFor example, if the chain transfer agent
contains a carboxylic acid group, glycidyl methacrylate
can provide a methacrylate end group. If the chain
transfer agenu contains hydroxy or amino functionality,
isocyanato ethyl methacrylate or (meth)acryloyl
chloride can provide a methacrylate end grcup and vinyl

chloroformate can provide a vinyl end group. If the
chain transfer agent is thioglycolic acid, the
ethylenically unsaturatsd end group can be a (meth)
acrylated hydroxy ester derived from glycidyl
(meth)acrylate. If the chain transfer agent is 2-
mercaptoethanol, the ethylenically unsaturated end
group can be a (meth)acrylated ester moiety derived
from (meth)aéryloyl'chloride, a (meth)acrylated
urethane moiety derived from (meth)acrylated
isocyanate, or a vinylcarbonate derived from vinyl
chioroformate. If the chain transfer agent is 2-
amiﬁoethane thiol, the ethylenically unsaturated end
group can be a (meth)acrylated amide moiety derived
from (meth)acryloyl chloride, a (meth)acrylated urea

noiety derived from (meth)acrylated isocyanate, or a



acet am de. 17. The surface-active macroner of cIa|n116REﬁEA€Ew7ﬁE‘SﬂEET

et hyl eni cal |l y unsaturated pol yoxyal kyl ene sel ected from tthg=grotp

consisting of (meth) acrylated polyoxyal kyl enes, (nmeth) 4c yg$§¥qu

pol yoxyal kyl enes, styrenyl polyoxyal kyl enes, al kenyl pol) néugg8

vi nyl carbonate pol yoxyal kyl enes and vi nyl carbamate pol kyl enes.

-81- 18. The surface-active macroner ofgglaim 17 wherein the

pol yoxyal kyl ene is polyethyl ene oxide. 19. The surface Ferrre—frectorer—ofl

cl ai m 15 wher ' t n 20. The
Pihyd dldELL AR0YLEL CHoROLUR' BECENG 1

surface-active erei ﬁhacrylate endcapped
pol y-N-vi nyl puiAQridedidifte. A wide variety of suitable combinations

of ethylenically unsaturated end groups and functional
¢hain transfer agents will be apparent to those skilled
in the art. The foregoing is intended to be

illustrative, not limiting.

V&rying_the ratio of hydrophilic monomer to.
hydrophobic monomer changes the surface properties of
polymeric objects made from the surface-active
macromers. For example, when preparing contact lenses
containing certain surface-active macromers of this
invention, it has been found that higher amounts of
hydrophilic compcnenf optinized mold release
characteristics of the lenses but that optimum clinical
performance was obtained with a relatively lower amount
of hydrophilic component. Accordingly, the selection
of a particular ratio will be governed 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 0.9, nore

preferably



21. The surface-active—maeroner of claim15 wherein A | 9na, iRfRETRRVI I
endcapped poly-N, N di | acryl am de. 22. The surfgéb%uf: ﬁﬁﬁ#giﬁﬁf
macr oner of Ammmml “ MtB is selected fromthe grogpjconsisting f
al kyl  (nmeth i ) yl (meth)acryl amides, al kyl jvijny2 8 MAyonsuges
al kyl vinyl catbdmates, fluoroalkyl (meth)acrylates, N-flugroal kyl

(met h)acryl ami des, N- fluoroal kyl vinyl7earbonates, N-fl goroatkyt '
vi nyl carbanmat es, silicone-containing (nmeth)acrylates, (#feth)acrylam des, °
vi nyl carbonates, _vinyl carbamates, styrenic noner,s and | yoxypr opyl ene
(net h) acryl ates. & S¥ fa?ﬁea§ﬁﬁV§b§3¥§ﬁ&u§9€ﬁi§#@F 6?§8F5Pgazéy gﬁein

the styrenic nonogers are sel ected fromthe group consisting of ctyrono,

alpha-nDthyIfBF?Poﬁé, para" nethyl styrene, para-t-butyl nonochloro
styrene, and : - 82-

ClAyBy])

wherein A is. a monomer unit derived from at least one

ethylenically unsaturated hydrophilic monomer selected
from the group consisting of ethylenigally unsaturated
polycxyalkylenes, polvacrylanides,
?olyvinylpyroliidoﬁes, polyvinyl alcohols,
polyvhydroxyethyl methacrylate, and N-alkyl-N-vinyl
acetamide, B is a monomer unit derived from at least
one ethylenically unsaturated hydrophobic monomer, C is
a chain transfer agent that providés appropriate
functionality for subsequent addition of a
relymerisablie ethylenically unsaturated end group, Y is
within the range f£from about 0.1 to about 0.9, and x + ¥y

= 1-

2. The ccpolymer of claim 1 wherein the ethylenically
unsaturated hydrophilic monomer, A, is an ethylenically
unsaturated polyoxyalkylene selected from the group
consisting of (meth)acrylated volyoxyalkylenes,
(meth)acrvlamido polyoxyalkylenes, styrenyl
polyoxyalkylenes, alkeuyl polyuxyalhyleuss, vinyl
carbonate polvoxyalkylenes and vinyl carbamate

polyoxyalXylenes.



6ara-t-butyf—dftthfo—sfyfene 24. The surface-active macroner '

wherein B 2 Hoctafl uoropentyl methacrylate.}
surface-a H”ﬂ" " claim 15 wherein C is selectedg
consistin rboxyllc aci ds, mercapto al cohol

iéa%ggﬁwg}gpﬁ G

ani noner capt ans. The surface-active macroner of ¢
i's thioglycolic aC|d The surfac? gactive macroner figla|n11ﬁ
wherein C is 2- nercaptoethanol he surface-active}nmacroner of

~t 1
mveoe

claim15 whergin gbsch etganglgﬁbpb wheredn g sur

macromer of claim s a (neth) acrylated hydr oxy ester noiety

derived from [ AV surface-active macroner
of claim 27 ﬁ% gf%?%ﬁk9ﬁﬁhg)1§ b$-§E%hyléﬂ% oxiide.

A. The copolymer of claim 2 wherein the ethylenically
unsaturated hydrophilie monomer, A; is (meth)acrylated

polyethylene oxide.

5.. .The copolymer of claim 1 wherein the ethylenically
unsaturated hydrophilic monomexr, A, is a methacrylate

endcapped poly-N-vinylpyrrolidinone.

6. The copolymer of claim 1 whexein the ethylenically
unsaturated hydrophilic monomer, A, is a methacrylate

endcapped polv-N,N-dimethylacrylamide.

7. .. The copolymer of claim 1 wherein the ethylenically
unsaturated hydrorhobic monomer, B, is selected from
the group consisting of alkyl {(meth)acrylates, N-alkyl
(meth)acrylamides, alkyl vin?lcarbonates, alkyl
vinylcarbanmates, N-fluoroalkyl‘Yinylcarbonates, N~
fluoroalkyl vinylcarbumates, silicone-containing
(meth)acrylates, (meth)acrylamides, vinyl carbonates,
vinyl carbamates, styrenic monomers and

polyoxypropylene (meth)acrylates.



——

’ \%\N ‘o = m. . 1
is a (net | ated ester moiety derived from (meth) acryl oyEEEhACFHENT SHEET
-83- 31. IH‘MH e macronmer of claim27 wherein D ifsra
(meth)acry nuiety derived from (nmeth) acryl ated ifsog! _

32. The surface-active®*matroner of claim27 wherein D is a vin |8§§§@%§?§w
derived fromvinyl chlorofornmate. 33. _The surface-active magr e

claim28 wherein D is a (neth)acrylatéagénide noi ety derivedffrom ‘(neth)
acryl oyl chlorjde : = | v 2LETYS ivgl ad T e D
is a (meth)acrylat eﬁ{l&r ec-agi’f‘?&s}quyp% iacf'/;feédﬁfr om %rre%%%%r%’%e iel"'socyanate.
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styrene, alpha-methyl styrene, para-methyl styrene,

para-t-butyl mqnochloro styrene, and para-t-butyl

dichloro styrene.

9. The copolymer of claim 1 wherein the ethyenically
unsaturated hydrophobic monomer, B, is 3-

"methacryloxypropyltris (trimethylsiloxy) silane.

10. The copolymer ¢f claim 1 wherein the ethylenically
unsaturated anydrovhobic monomer, B, is 1-¥,1-H,5-H-

octafluoropentyl methacrylate.

1i. The copolymer of claim 1 wherein the functional
chain transfer agent, €, is selected froam the group
consisting of mercapto carboxylic acids, mercapto

alcohols, and aminomercaptans.

12, The copolymer of claim 1 wherein the functional

chain transfer agent, C, is thicglycolic acid.

13. The copolymer of claim 1 wherein the functional

chain transfer agent, C, is 2-mercaptoethanol.

14, The copelymer of ciaim 1 wherein the functional

chain transfer agent, C, is 2~aminocethane thiol.
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chlorofornate ————81- (meth)acryl ated pol yoxyal kyl RMFTA o T
(met h) xyal kyl enes, styrenyl polyoxyal kyl eneg, £
pol yoxjmﬂi ”mbm car bonat e pol yoxyal kyl enes and vi ny %
pol yoxyal kyl ehest s The surface-active nmacroner of cl ai ﬁéYﬁWQS

t he pol yoxyal kyl ene is pol yet hyl ene oxi 21. The surfacqg- |

macronmer of claim 17 wherein Ais (nat%)acrylated polyethylene OXIde =
22. The surfac ct ve I ‘“““rvlafe
endcapped poly bi V%C%g‘lalr nonen?d&&fg) %egéglr‘ ace ga‘Fl ve macroner o
claim17 V\here#10 élas a nethacrylate endcapped pol y-N, N-

di net hyl acryl a

DC[AyBy]
wherein A is a monomer unit derived from at least one
.ethyienically unsaturated hydrophilic moncmer, B is a
monomer unit derived from at least one ethylenically
unsaturated hydrophobic monomer, ¢ is a chain transfer
agent that provides appropriate functionality for
subsequent addition of a polymerisable ethylenically
unsaturated end group, and v is an ethglenlcally
unsaturated end group, y is within the range from about

0.1 to about 0.9, and x + y = 1.

15. The surface-—active racromer of claim 15 wherein a
is selected from the group coﬁsisting of ethylenically
unsaturated polyoxyalkylenes, polyacrylamides,
pelyvinylpyrrolidones, polyvinyl alcohols, poly
hydroxyethyl methacrylate, and N-alkyl-N-vinyl

acetanide.

i7. The surface-active macrcmer of claim 16 wherein A
is an ethylenically unsaturated polyoxyalkylene
selected from the group consisting of (meth)acrylated
polyoxyalkylenes, (meth)acrylamido polyoxyalkylenes,
styrenyl polyoxyalkylenes, alkenyl polyoxyalkylenés,
vinyl carbonate polyoxyalkylenes'and vinyl carbamate

polyoxyalkylenes.



"24. The surface-active macroner or claim17 wherein Bis -
group consi sting of alky] “(neth)acrylates, Nalkyl (neth) tégﬁgf : j”gfmﬁﬁ
al kyl vinyI V|nylcarbanates f1 uor oal kyl
(neth)acryl a lm m‘nmu ! (met h) acryl ani des, N- 1 uof dal Ry3 MAY 1998
vi nyl car bonat es, ¢ N-¢ | wor ea vi nyl car bamates, silicone-jcgntaining
(et h) acryl at es, (neth)acrylanldes vinyl carbonates, vinyl carbamates;
styreni ¢ nmononers and pol yoxypropyl ene (ﬁ@th)aorylates :
-82- 25. The, surf G r f::%!:ufe! F eni c
nononers are s% éct@égfgg%k%ﬁen%%ogq% c%h5|s I'ng of %@eg% aﬁ?éééﬁnethyl
styrene, para- arc g,ta\qm;mrp e Styrene, and
para-t-butyl d‘lz%geégol"'g%ren Trtﬁ)ola’ urtace- aécw)\g{é&nacroner of claim 17
wherein B is 1-H, 1-H, 5- H-octafluoropentyl nmet hacryl ate. 27. The
surface-active nmacroner of claim17 wherein '

19. The surface-active macromer of claim 15 wherein A

ig (meth)acrylated polyethylene oxide.

20. The surface-active macromer of claim 15 wherein A

is a methacrylate endcapped poiy~N-vinylpyrrolidinone.

21. The surface-active macromer of claim 15 wherein A
is a methacrylate endcapped poly-N,N-

dimethylacrylamide.

22. The surface—active macromer of clain 15 wherein B
is selected from the group consisting of alkyl

(meth)acrylates, N-alkyl (meth)acrylamides, alkyl

vinylcarbonates, alkyl vinylcarbamates, fluorcalkyl
(meth)acrylates, N-fluoroalkyl (meth)acrylamides, N-
fluoroalkyl vinylcarbonates, N-fluorcalkyl
vinylcarbamatés, silicone-containing (meth)acrylates,
(meth)acrylamides, vinyl carbonates, vinyl carbamates,

styrenic monomers and bo lyoxypropylene (meth)acxrylates.

23. The surface-active nmacromer of claim 22 wherein
the styrenic monomers are selected from the group
conzisgting of £tyrono, alpha-mothyl otyrene, parar

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




‘Cis selected fromthe group consisting of nercapto car bfjgytre—ae
ner capt o—al-cehel-s;——and-—amnoner captans. 28. The sur f ac el sGHLAL

of cIa|n117 wher hloglycollc acid. 29. The surj %
macr oner le 4\ C i s 2-nercapt oet hanol . ] Thg
sur f ace- ac cIa|n117 wherein C is 2-am ngetfhane

31. The surface active nacroner of claim?28 wherein Di$
bydroxy ester noiety derived fron1egC|dyIEﬁheth)acryla e.
surface-active macromer of claim?29 wherein Dis a (neth)acryrated-e s
nmoi ety deri vedphrant -yl abiigHinde ativorsroe, 83 - 33. The
surface-active macroner of claim29 wherein

24. The surface-active macromer of claim 15 wherein B

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

25. The surface-active macromer of claim 15 wherein C
is selected from the group c¢onsisting of mercapto
carboxylic acids, ﬁercapto alcohols, and-:

aminomercaptans.

26. . The surface-active macromer of clainm 15 wherein C

is thiocglycolic acid,

27. The surface-active macromer of claim 15 wherein C

is 2-mexrcaptoethanol.

28. The surface-active macromer of claim 15 wherein C

is 2-aminoethane thiol.

29. The surface~active macromer of claim 26 wherein D
is a (meth)acrylated hydroxy ester m01ety derived fron

glycidyl (meth)acrylate.

30. The surface-active macromer of claim_27 wherein D
is a (meth)acrylated ester moiety derived from

(meth)acryloyl chloride.



Dis a (meth ed urefﬁane noi ety derived from (
| socyanat e. u Uu face-active macroner of claim2
is a vinylc ¥l from vinyl chl or of or mat e.

surface-active macroner of claim30 wherein ~ 'Dis a (net
am de noi ety derived from (meth)acryl oyl chloride.

surface-active macromer of claim30 whereing;. Dis a (et

.noi ety derived from (meth) acryl ated i socyanate. 37. The

surf ace- act i ve J3nc QR dhir Sl SBAAW GiRizbmer 6| 6141 2y| wharbambe
noi ety derived from vinyl chl or of or mat e.

is a (meth)acrylated urethane moiety derived from

(meth)acrylated isocyanate.

32. The surface-~active macromer of c¢laim 27 wherein D

is a vinylcarbonate derived from vinyl chloroformate.

33. The surface-active macromer of claim 28 wherein D
is a {meth)acrylated amide moiety derived from

(meth)acryloyl chloride.

34. The surface~active macroner of ciaim 28 wherein D
is a (meth)acrylated urea mciety derived from

(meth)acrylated isocyanate.

35. The surface-active macromer of claim 28 wherein D

is a vinyl carbamate moiety derived from vinyl

chlorofornate.
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ABSTRACT

SURFACE-ACTIVE MACROMONOMERS

A new class of polymerizable surfactanté, useful for
modifying the surfaces of polymeric objects, which are
described by the formula: DC[AB,] wherein A is at least

one ethylenically unsaturated hydrophilic monomer, B is at
least one ethylenically unsaturated hydrophobic monomer, C
is a functional chain transfer agent, D is an ethylenically
unsaturated end group, y is within the range from about 0.1
to about 0.9, and x + y = 1. Also disclosed are random

copolymer precursors of such polymerizable sﬁrfactants.




