FLUCRCSIUICﬁNE HYDROGELS ' The invention relates to

pol ysi l.oxane- cont ai ni ng nononers having at |east one polar fl Mﬁ«zd e
side chain. The nononers described herein can be used with hydrophwh
monomers to form pol ymeri zati on products which are useful f6r ! ﬂ
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FLUOROSILICONE HYDROGELS
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BACKGROUKD OF THE INVENTION

iel the vention

The present invention relates to novel polymeric
compositions and more particularly to contact lenses made
therefrom. The invention further pafticularly relates to
polysiloxane~-containing monomers having at least one polar
fluorinated side chain., The monomers described herein can be
used to make “hara" or "soft" contact lenses, intraocular
implants, as well as other prostheses, and more particularly

ngoft? hydrogel contact lenses.

Backaround

In the field of contact lensés, various factors must
combine to yield a material that has appropriate-
characteristips. - Oxygen permeability, wettability, material
strength and stability are but a few of the factors which must
be carefully balanced to achieve a useable contact lens.

Since the cornea receives its oxvgen supply exclusively from
euntact witﬁ the atmosphere, good oxygen permeability is a
critical characteriétic for any contact lens material.

Wettability also is important in that, if the lens is not
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maki ng "hard" or "soft" contact |enses, intraocular inplants, as well as
ot her prostheses, and nore particularly "soft". hydrogel contact |enses.
In the field of contact |enses, various factors nust .conbine to yield a
material that has appropriate characteristics. oxygen perneability,
wettability, nateyifirientlvemgthakin dtadves mptpamappilubrisaret aple factors

uhi ch must " be SHSELLY Dala80R8 UnathhfuRat /35BS AN Affe LG0Rm S NCC

the cornea receives Its oxygen sup y exclusive
contact lens would therefore, have both excellent oxygen

permaeability, and excellent teay fluid wettability.

Polysiloxane materials are useful materials for making
contact lenses due to, among other properties, their excellent
oxygen permeability. See U.S. Patent Nos. 4,153,641 and
4,1B9,546. However polys:‘.loxa-nes are generally hydrophobic.
Certain hydrophilic functional groups may be attached to
polysiloxane~containing monomers, or prepolymers to improve
+heir wettability. 8See U.S. Patent Nos. 4,260,725 and
'4,259,467. However, many hydrophilic comonomers are known to
be inc'om;iatible with the polysiloxane monomers in the monomer
mix, and reguire the presence of solubilizers andg
compatibilizers for the monomer mix properly polymerize.
Without such compatibilizers, the copolyiner may not polymerize
at all, risking varying degrees of phase separation which

renders the polymerized material opaque.

In addition to oxygen permeahility, wettability and
compatibility requirements, contact lens materials must resist
deposits. Some polysiloxane materials tend to accumulate
deposits. Fluorinating certain polysiloxanes monomers is
known to imprﬁve deposit resistance., See, for example U.S.
Pateant Wo=. 4,440,518, 4,980,882, 4,5%4,587, 8,075,319 and

5,010,141.
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contact with the atnosphere, good oxygen perneability is a critical
characteristic for any contact lens material. Wttability also is
important in that, if the lens is not

2 sufficiently wettable, it does not remain |ubricated and therefore
cannot be worn confortably in the eye. The opti num contact |ens would

therefore, have both excellent oxygen perneability, and excellent tear
fluid wettability. Fluorinated polysiloxanes with useful properties for non-

hydrogel contact lunses mre dicclosed in N.S. Patent Nos,
4,810,764 and 5,142,009. In further experimentation with
these materials, it was determined that a hydrogel having the
oxygen permeability advantages imparted by thé siloxane group,
and the 1lipid resistance imparted by the fluorinated groups
would be particularly advantageous. However, because the
‘fluorinated polysiloxane monomers are difficmlt to solubilize
in the hydrophilic monomers used, it is difficult to make
viable hydrogel formulations for contact lenses using this
approach. If comonomers are not sufficiently soluble in one
another, phase separation will occur rendering the polymerized
material opague. Such a result 'is not desirable for a

material which must be transparent, such as a contact lens.

Compatihilizers or solubilizers such as methyl ethyl
ketone (MEK) have been used to get ecertain fluorinated
siloxane~containing monomers inte solution o form films or
lenses. However, such solubilizers and compatibilizers often
affect purity and must be extracted from the resulting
polymer. Such extraction requires additional processing
steps. Further, if there is a large difference in polarity

: between the siloxane-containing monomer and the hydrophilic
monemer, even the presence of s91ubilizers such as MEK will

not Xeep the comonomers in solution.
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Pol ysil oxane nmaterials are useful materials for nmaking contact |enses due
to, among other properties, their excellent oxygen permeability. See U.S.
Pat ent Nos. 4,153,641 and 4,189, 546. However polysil oxanes are generally

hydrophobic. Certain hydrophilic functional groups nmay be attached to

pol ysi | oxane- cont ai ni noTer.s | e, t

wettability. See U. Sgﬁ%3”¥ N&%h § ﬁﬁﬁggggy %gb f@gﬁ%%? mever many

hydr ophi | i ¢ conpnrenmprss e tha dvenecifdtcs lxe patﬁmkaﬂné-@omamirhempﬁmsl oxane

nononers in the none rLequire t esence of saqlubilizers_and -

conpati bilizers %F ?ﬁ%"%ﬁ&ﬁ%‘?a&g\lﬁ’brﬂ’ﬁe?‘f€ ’F&Sﬁyﬁé‘rl 3 ¥hhod 4RE2s
side-groups for resistance without use of compatihillzers or

solubilizars would be of great sdvantage for a hydreogel

formulation.

SUMMARY OF THE INVENTION

It haé novw been discovered that the compatibility and
solubility of fluorinated polysiloxanes in hydrophilic
comonomers can be greatly improved by attaching to a siloxane
group in a polysiloxane-containing monomer, a polax
fluarinated graft or side group having a hydrogen atom
attached to a terminal difluoro-substituted carbon atom. When
this hydrogen atom is present on the terminal difluorinated
carbon atom, the fluorinated polysiloxane is rendered soluble
in hydrophilic comonomers to such an extent that no additional
compatibilizing or solubilizing agents are needed. When the
terminal hydregen atom is replaced with a fluore group, the
solubility is drastically affested such that the hydrephilic
comonomers are insoluble in the fully fluorinated siloxane-

containing monomer.
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Wt hout such conpatibilizers, the copolynmer may not polynerize at all,

ri sking varyi ng degrees. of phase separation which renders the polynerized
mat eri al opaque. In addition to oxygen perneability, wettability -
and conpatibility requirenents, contact lens materials nust resist
deposits. Sone pol ysil oxane MRUAZLERIGESCRIRTIOS GF CUBLIMMBNTIORpPOSItS.

Fl uorinating certain polysil oxanes nononers is known to inprove deposit
resi stance. See, for exanple U S. Patent Nos. 4,440,918, 4,990, 582,
4,954,587,” 5,079, 319 4l £1000inktbdlpolysiloxane~containing monomers

. disclosed herein surﬁrisingly display outstanding
compatibility by being highly soluble in various hydrophilic
compounds, such as N-vinyl pyrrolidone (NVP) and N,N-dimethyl
acrylamide (DMA), without the need for additional

compatibilizers or sclubilizers.

As used herein, the term "side group” refers to any chain
branching from a siloxane group, and way be a side chain when .
the siloxane is in the backbone of the polymeric structure.
When the siloxane group is not in the backbone, the
fluorinated strand or chain which branches out from the

siloxane group becomes a side chain off of the siloxane side
chain.

.The w+erminal? carbon atom refers to the carbon atom
located at a position furthest from the siloxane group to
which the fluprinated strand, or side group is attached.

It was discovered and is disclosed herein that when the
polar fluorina#ed group, —(CF3)zH, is placed at the end of a
side group attached to a siloxane-containing monomer, the
entire siloxane monomer to whick the side group is attachead is
rendered highly soluble in hydrophilic monomwers, such os FMVD.

when the hydrogan.atom in the terminal fluorinated carbon atom
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3 Fl uori nat ed pol ysil oxanes with useful properties for non- hydrogel
contact |lenses are disclosed in U S. Patent Nos. 4,810,764 and 5,142, 009.
In further experinentation with these naterials, it was determ ned that a

“

hydrogel having the oxygen perneability advantages inparted by the .

sil oxane group, iangdepideal Rich r£¥18b880GRobpPAhbeshRKkahBecdrtdhimpt ed
groups would be particularly advantageous. However, because the
monomer is significantly less soluble, or not soluble at all

in the hydrophilie monomer present.

In one embodiment of the present invention, fluorinated
siloxane-containing monomers are disclosed having at least one
fluorinated side group, said side group having the general
schematic representation (I):

XI.
~D~(CF3) zH

wherein
z is 1 to 20; and

D is an alkyl or alkylene group having 1 to 10 carbon
atons and which may have ether linkages between carbon

atonms,

In a further embodiment, the fluorinated silexane-
containing monomers have at least one fluorinated side group
and have a moiety of the fbllowing general schematic

representation (II): )
C.Hg CH3

]
*‘[°'§i]x‘[°'fi]y'“
II. CHj D
) (éFz)z'H

vherein:
_ D is an alkyl or alkylene group having 1 to 10 carbon
atoms and which may have ether linkages between carbon atems;
x is > 0O;
y is > 1:

-_—
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fluorinated pol ysil oxane nononers are difficult to solubilize in the

hydr ophilic nononmers used, it is difficult to make viable hydrogel

formul ations for contact |enses using this approach. If comononers are not |
sufficiently soluble in one another, phase separation wll occur renderi ng
the pol ymerized mater¥ 8l Yopatk® 1069 @nd result is not desirable for a

mat eri al whi ch nust bee tiJSaIIIs‘prar:?@nt such as a contact |ens.

Conpatibilizers or solubilizers such as nethyl ethyl ketone (MEK) have
been used to get certain fluorinated siloxane-contai n nmononer.s .i nt o

solution to form fil n2fde PFefEFed pphther TINATAR2ES ﬁb r §ORRREning

conpatibilizers Ofo@Bners having the following general schematic representation

(III):_ .
Ry B3 Ry Ry
IIX. A-R~- si - [o-s::.]x - [o-s;]y - o-si -« R =2
Rz 34 Rs Rz
wherein:

R is an alkyl or alkylene group having 1 to 10 carbon:
atoms and which may have ether linkages between carbon atoms:
R1~R4 may independently be a monovalent hydrocarbon
radical or a halogen substituted monovalent hydrocarbon
radical having 1 to 18 carbon atoms which may have ether

linkages between carbon atoms:
x is > 0;

y is > 17
X+ y=2 to 1000; and

.2 is 1 to 20; and
Rg is a fluorinated side chain having the general
schematic representation:
~ D~ {CF2)z ~ K
wherein z is 1 te 20;
b is an alkyl or alkylene group having 1 to 10 carbon
atoms anpd which may have ether linkages between carbon atoms;

and
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affect purity and nust be extracted fromthe resulting polymer. Such
extraction requires additional processing steps. Further, if thereis a
| arge difference in polarity between the siloxane-containing nononer and
t he hydrophilic nononer, even the presence of solubilizers such as MEK
will not keep the conmononers in sol ution.

4 Therefore, a hydr3Fya% Q&FLYARBPEIHARHIBr 910 By sTRAR as an ester or

amide of an acrylic or a methacrylxc acid or is a group

represented by the general formula:

CH 2=CB.OEY -
wherein

Y is -0-, =S5~ or -NH-;

Praferably, the fluorinated side group is represented by

the formula:

~CHp-CHp~CH2~0-CHa - (CF2) 2~H
where

z is 1 to 20.

One preferred fluorinated siloxane-containing moncmer, is

prepared aceording to the following reaction scheme:

CH3 © €¢Hz  CH3 cH3 CHa CHa
cxz-c-c—o- (CE3) 4-51- (0-85)x~ (0-S1)y~0-Ei~ (CHz) 4-o-c-c-cH2
O CH3 CH3 H CH3 O
(Pt complex) + .l H~(CF3) 2=-CH3=-0~CH;~CH=CH>
CHy CHa CHs CHz  CHj ' CH3
c}lz—c-c-o- (CHp) 4~8i~ (o—s:.) x~ (0-51) y=0-5i~(CHy) 4-o-ﬁ-c—cn2
0 CH3 CH3 Cflz CHj o
CHy

i
H- (CF3) z~CH2~0-CHy
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conprising the benefits of polysiloxane-containing nononers for oxygen
pernmeability and material strength, and fluorinated side-groups for
resi stance without use of conpatibilizers or solubilizers would be of
great advantage for a hydrogel formulation.

SUMVARY OF THE | wNENTIYONs 10, 25 ahd 4f54s now been di scovered that the

conpatibility and sglqp ££¥uﬂﬂ ékﬁorlnated pol ysi |l oxanes in hydrophlllc
conononers can be greatl? I mprove y attaching to a sil oxane
Z 15 4 oxr 6

In still a further embodiment of the present invention,
the fluorinated siloxane-containing monemers are fluorinated
bulky polysilexanylalkyl (meth)acrylate monomers represented

by the general schematic representatiqn:

Rs
A-R-sl- o-s i~D~(CF2) 4~H]lx

Rs
5-3 i-Reg
wherein

A is an activated upsaturated group, such as an ester ox
anide of an aerylic or a methacrylic acid:;
Rg is CHy orx H:

R is an alkyl or alkylene group having 1 to 10 carbon
atoms and which may have ether linkages between carbon atoms;

D is an alkyl or alkylene group having 1 to 10 carbon
atoms and which may have ether linkages between carbon atoms:

x is 1, 2 or 3; .

y is 0, 1, or 2; and

X +y =3,

2;150 preferred are the fluorinated bulky

polysiloxanylalkyl monomers of the following formulas:
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group in a polysiloxane-containing nononer, a polar fluorinated graft or

side group having a hydrogen atom attached to a term nal

di fl uoro-substituted carbon atom Wen this hydrogen atomis present on

the termnal difluorinated carbon atom the fluorinated polysiloxane is

rendered soluble in hydrophilic conobnonmers to such an extent that no

addi ti onal conpatibiliﬁﬁmg or sol ubilizing agents are needed. Wen the

term nal hydrogen q%gmd e - URp-Lhe (39 lity is

drasti-cally affected suc ( %ﬁ g hwdropﬁi%é%% c%ﬁ@ oﬁer are }ﬁs Publ e in

the fully fluorinated 5|onane- colf-&iinKedp Ildgoner .
wherein

Ry is CHp: and
x is 1, 2 or 37
Yy is 0, 1 or 2; and

x+y = 3.

The fluorinated polysiloxane-containing monomers of the
present invention combine the desirahle features of known
hydrophilic side chain polysiloxanes, such as relative
compatibility with hydrophilic monomers, with improved deposit
raesistance from the fluorinated group. Desired properties of
the lenses may be affected and controlled. For example, by
alteriny the rélative ratio of the comonomers (the
aforementiconed fluorinated polysiloxane monamer to the
hydrophilic monomer oy monomers), certain hydrogel

characteristics in the polymerized fluorinated polysiloxane
copolymer may be altered. )

The relative softness or hardness of the contact lenses
fabricated Eron the resulting polymers of this invention can
be varied by decreasing or increasing the molecular weight of
the polysiloxane monomer end-capped with the activated

unsaturated group or by varying the percent of the comonomers

il tin



5 The fluorinated pol ysil oxane-contai ni ng nononers di scl osed
herein surprisingly display outstanding conpatibility by being highly

sol uble in various hydrophilic conmpounds, such as N-vinyl pyrrolidone (NVP)
and N, N-di met hyl acrylam de (DMA), w thout the need for additional )

conpatibilizers grasieubisdetaliy, as the ratio MPRIPSiidsdtedtthits kb
accordance with one aspect the present invention provides a nethod of

i nprovi ng the soPudigap: pnbEs An6EeI44E, 0XARSETIRE HEnGPAOE 2t n a
hydrophi li c monoggsrdMalegh conprises attaching to the

pol ysi | oxane-cont al ni ng nononer a pol ar fluorinated side group having a
hydr ogen atom attached to : :

) The present invention contemplates the use of the
fluorinated polysiloxane monomer for both "hard" and *soft®
contact lenses, the disclosed formulations are thought to be
especially useful as "soft" hydroge)l contact lenses. A lens
is considered to be "sofﬁ“ if it can be folded bhack upon

itself without breaking.

A hydrogel is a hyarated cross-linked polymeric system
that coptains water in an equilibrium state. Silicone
hydrogels (i.e., hydrogels containing silicone) are usually
prepared by polymerizing a mixture containing at least one
.silicone~containing monomer and at least one hydrophilic
nmonomer. Either the silicone-containing monower or the
hydrophilic monomer may function as a erosslinking agent (a
crosslinker), being defined as a monomer having multiple
polymerizable functionalities. Alternatively, an additional

crosslinker may be employed.

When the term "activated" is nséd with the term
wunsaturated group™ herein, it is meant that an unsaturated
group which is activated is one which has a substituent which
facilitates free radical polymerizatiop. These activated

: unsaturated_g:éups are polymerized to form the polymers of the

- 11 -
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a termnal difluoro-substituted carbon atom said fluorinated side group
havi ng the schenmatic representation: -D

(CF[err])[err]H wherein zisl| to 20; and Dis an
al kyl ene group having from1l to 10 carbon atons and which may have ether °

linkages between fias@et idve@fBion., Preferably! thedGee{¢iAN®G Yhddpsaabay t her
aspect the present invention provides a pol ynerization product conprising

at | east one pol yERESINRS. EErPahEnzabirenBrdethmdkd @smddtiens aspeh @s.
fluorinated side Jh9uRe RAMEBIauLLdr 0gen atom attached to the term nal

di fl uoro-substituted carbon atom and at | east one hydrophilic nonomer, said
fluorinated side group having the general schematic representation:

-D- (Cr[err])[err]H When the term *polymerization" is used herein we refer to
the polymerization of the double bonds of the polysiloxanes
endcapped with polymerizable unsaturated groups which results

in a crosslinked three dimensional network.

Pﬁrt.her, notations such as “(math) ac:r:ylaté" or
% (meth)acrylamide" are usad herein to denote optional methyl
substitution. Thus, for example, (meth)acrylate includes both
acrylate and methacrylate and N-alkyl (meth),acr_ylamide includes
both N-alkyl acrylanmide and N-alkyl methacrylamide.

The term “prepolymer" denctes a monomaxr which may ba a
high molecular weight monomer containing at least t;to
polymerizable groups. The monomers added to the monomeric
mixture of the present inventieon may be monomers or
prepolymers. Thus, it is understood that the terms “silicone-

~ eontaining monomers® and *hydrophilic monomers" inclunde
corresponding prepolymers. Examples of such monomers can be
found in U.S. Patent Nos. 4,136,250; 4,153,641 4,740,533
5,034,461 and 5,070,215.

The terms ®shaped articles for use in bhiomedical

applications™ or "biomedical devices or materials® mean the

This Sheet Has Been Replaced
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wherein ' 6 zis 1lto 20;
and D is an al kylene group having 1 to 10 carbon atonms and which
may have ether |inkages between carbon atons. As used herein,

the term"side group” refers to any chain branching froma sil oxane group,:
and nay be a hydrogel materials disclosed herein have physicochemical

properties rendering them suitable for prolonged contact with

living tissue, blood and the mucous membranes.

The monomers of the presant inventipn ean be used to
produce highly wettable hydrogels with ideal rigidity, oxygen
permeabjility and other physical properties. Such silicone-
containing hydrogels are well~suited for use as biomedical

devices such as contact lenses.

Certain crosslinked polymeric materials, such as those
contemplated by the present invention, may be polymerized to
form a hard water-free xerogal. Xerogels are understood to be
unhydrated hydrogel forpmlations which may be physically
altered to, for example, impart optical properties through
machining, and then be hydrated and retain tpeir water content

and optical properties.

Preferred acrylie-capped polysiloxane monowers of the
present invention are those having from about 1 to about 200
repeating siloxy units, and most preferably have about 100

repeating siloxy units.

The f£luorinated bulky polysileoxanylalkyl (meth)acrylate-
containing monomers of the present invention are excellent
materials for use with both "hard® and %soft" systems which

may or may not be hydrogéls. The preferred bulky

- 13 -
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si de chain when the siloxane is in the backbone of the polyneric structure.
Wien the siloxane group is not in the backbone, the fluorinated strand or

chai n which branches out fromthe siloxane group becones a side chain off .
t he sil oxane side chain. The "terminal" carbon atomrefers to °

t he carbon at om lpatgéEbxanyBaldqal i(heth)actiyheisd contairting sorlamezneaxgy,0gprt 0
which the fluorinated, strand, or. side p(g,roug I S %’[%PChed.
7 exanple, methacryloxypropyl tris(octafluoropentyl-

oxypropyldimethylsiloxy)silanes.

The preferred fluorinated side groups are the alkyl
filnerinated side eohains, such as the
propyloxyoctafluorepentanes, the propyleoxytetrafluoropropanes
and the propyloxydﬁdecaheptanes, with the propyloxy

octafluorxopentanes being the most preferred.

The present invention contemplates, in one preferred
embodiment, polymerizing, in a monomer mix, more than one type
of polysiloxane mohomer, one of which has at least one polar
fluorinated siloxane-centaining monomer, with at least two

hydrophilic monomers to produce a contaét lens material.

additional hydrophilic monomers may be incorpsrated into
the polymeric compositions contemplated by the present
invention to form hydrmgels. Such preferred hydrophilic
monomérs may be either acrylic- or vinyl-containing and may be
used ;s croesslinking agents. The term “wvinyl-type" or "vinyl;
containing" monomers refers to non-acrylic monomers containing
the vinyl grouping (CHy=CHz). &uch hydrophiliec vinyle
containing monomers are known to polymerize relatively easily.
macrylic-type® or "acrylic-containing" monomers are those '
monomers contai?ing the acrylic group §CH2=¢REX) wherein R is

H Or CH3, and X is O or NH. 0

This Sheet Has Been Rzi
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In yet another aspection the present invention provides a
si | oxane-cont ai ni ng nononer having the follow ng general schematic

representation: [err] wher ei n: R is an al kyl ene group

having 1 to 10 carbon atons and which may have ether |inkages between
carbon atons; Rlerr]-Rerr] may independently be a nonoval ent

L cal having 1 to 18 eEeTe YRR HnEy abaaroponimecs Chigh nay
be incorporated into the hydrogels of the present inve.nti.on
include monomers suvch as N-vinyl lactams (e.g. N-vinyl-
Pyrrolidone (NVP)), N-vinyl-N-methyl acetamide, N-vinyl=N-
ethyllacetamide, N~vinyl-N~ethyl formamide, N-vinyl formamide,

with NVP being the most preferred.

Preferred hydrophilic acrylic~containing monomers which
nmay be incarporated_ into the hydrogel of the present invention
include hydrophilic menomers such as N,N~dimethyl acrylamide
(DMA) , 2—hydroxyethy1 methacrylate, glycercl methacrylate, 2~
hydroxyethyl methacrylamide, methacrylic acid and acrylic
ar:._id, with DMA being the most preferred.

The relative ratio (wt. %) of siloxane-containing monomer
to total wt. % of comonomex mix ié preferably from about 10%
to about 85%, more preferably from about 20% to about 70%, and
most preferably fronm aboul 25% to aksut 40%. The relative
ratio (wt. %) of hydrophilic monomer(s) to tétal wt. % of the
caomonomer mix is preferably from about 20% to about 50%, more
preferably from about 30% to about B0%, and most preferably
from about 50% to about 60%.

The preferred silicome-containing vinyl carbonate or
vinyl carbamate monomers inclunde: 1,3=bis[4-

vinyloxycarbonyloxy)but-l-yl]tetramethyl-disiloxane; 3-

- 15 ~-
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| i nkages befmeen.carbon at ons; x is [err] O; y is [err] 1, X

+y =2 to 1000; and zis 1lto 20; and Rlerr] is a fluorinated
si de chain having the general schematic representation: - D- |
(CF[err])[err] - H wherein z is 1 to 20; Dis an al kyl ene group *

having 1 to 10 carhon _ataons_and which nmay have ether | i nkages bet ween
carbon at ons: atfFimethylsilyl)propyl vinyl carbonate; 3-

(vinyloxycarbonylthio) propyl-[tris (r.rimethylsiloxy) lsilane] i 3-
[tris(trimethylsiloxy)silyl) propyl vinyl carbamate; 3- .
[tris(trimethylsiloxy)silyl] propyl allyl carbamate; 3-
(tris(trimethylsiloxy)silyl]propyl vinyl carbonate; t-
butyldimethylsiloxyethyl irinyl carbonate; trimethylsilylethyl
vinyl carbonate; trimethylsilylmethyl vinyl_ carbonate: and

"y,Dz5" as shown in the followiny formula:

€H3 CH3 CH5
!
cnz=cn-oco—(cnz)4—51—0--51—0 Si~(CH;) 4~0C0O-CH=CHgp
i { 1 il
o cn3 X CH3 o

]
(CF2) 2-H 25

wherein

X is an alkyl wvi alkylenc group having 1 +n 10 carbon
atoms and which may have ether linkages hetween carbon atoms:
and

2 is 1 to 20.

When it is desirable for both an acrylic-containing
hydrophilic monomer and a vinyl-containing hydrophilic wonomer
to ke incorporated into the silieone-containing polymer of the
present invention, a further crosslinking agent having both a
vinyl and an acrylic polymerizable group mﬁy be used, since
these vinyl and acrylic hydrophilic monomers have different
‘reactivity ratios-and copolymerize at vastly- different rates

or will not copolymérize at all. Such crosslinkers, such as

- 16 -
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8 A is an activated unsaturated group, such as an ester or amde of an
acrylic or a nethacrylic acid or is a group represented by the general
formul a: [err] wherein Yis -0-, -S or -NH

'

nethacrylaxyethyl vinyl carbonate (HEMAVe) and
methacryloylethyl vinyl carbamate , which facilitate the
copolymerization of the comonomers and are the subject of
presently co-pending and commonly assigned U.S. Patent -
application No. 07/922,452 filed July 30, 1992. Such

erosslinkers are reprasented by the following schematic

representation:

Afa

Ryy

wherein

V denotes a vinyl~containing group having the formula:

Ri3 Rig
N7
c=C
7 \
Rao KL=y~
[}
o ;

A’ denotes an acrylic-containing group having the

formula:
Ris Rig
\ 7
C=C
VA
~2Z~C Ry
fi
o] H
- 17 -

This Sheet Has Been Reilaced

i



Preferably, the fluorinated side group is represented by the formul a:

-CHerr]-CHerr]-CHerr]-0-CH err]- (CF[err]) z-H where zis 1l '.[O 20.
One preferred fluorinated sil oxane-containing nononmer, is prepared
according to the foll ow ng reaction schene: [err]

S denotes a styrene-containing group having the formula:

Rig Ryo
~ e
Cc=C .
7 \
R20 Q- H

wherein

Rj1 is an alkyl radical derived from substituted and
unsupstituted hydrocarbons, podlyalkylene oxide,
poly(perfluoro) alkylenes oxide, dialkyl-capped
polydimethylsiloxane, dialkyl-capped pelydimethylsiloxane
modified with fluoroalkyl or fluoroether groups:

Rj3~Rzp are indepandently H, or alkyl of 1 to 5 carbon
atoms;?

Q is an organic group containing arcmatic moieties having

6-30 carbon atoms;

X, ¥, and Z are independently O, NH or S;

v_is 1, or higher:; and

a, s are independently greater than or egual to 0, and

2 + 8 is greater than or e¢qual to 1.

Such crosslinkers help to render the resulting copolymer
totally UV-curable. However, the copolymer could alsc be
cured solely by heating, or with a combined UV and heat
regimen., Therefore, it is understood that the necessary photo
and thermal initiators reguired to cure the copolymer may be
comprised thérein as would be apparent to those skilled in the
art.

- 18 ~
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9 where y is 10, 25 and 40; Xx + vy is 100; and zis 4 o0r 6
In a yet further aspect of the present invention, the fluorinated

si | oxane-cont ai ni ng nononers are fluorinated bul ky polysil oxanyl al kyl

(meth)acryl ate nononers represented by the general schematic
representation:

Other crosslinking agents which may be incorporated into
the silicone-containing hydrogel of the present invention
include polyvinyl, typically @i~ or tri—vinyl monomers, most
copmonly the di~ or tri(meth)acrylates of dihydric eth§lene
glycol, triethylene glycol, butylene glycol, hexane-~1,6-diol,
thio-diethylene glycol-diacrylate and methacrylate; neopentyl
glycol diacrylate: trimethylolpropane triacrylate and the
like; R,N’/=dihydroxyethylene-bisacrylanide and -~
bismethacrylamidas; also diallyl compounds like diallyl
phthalate and triallyl cyanurate; divinylbenzene: ethylene
glycol divinyl ether; and the (meth)acrylate esters of polyols
such as triethanclamine, glycerol, pentanerythritol, butylene
glyeel, mannital,'and sorbitol. FPurther, illustrations
include N,ﬁ-methylene-his—(meth)acrylamide,.sulfonated
divinylbenzene, and divinylsulfone. Also usefnl are the
reaction products of hydroxyalkyl (meth)acrylates with
unsaturated isocyanates, for example the reaction product of
2-hydroxyethyl methacrylate with 2-isocyanatoethyl
methacrylate (IEM) as disclosed in U.S. Patent No. 4,984,587.

othar known crosslinking agents are polyether-~
bisursthane-dimethacrylates as described in U.S. Patent No.
4,192,827, and those crosslinkers obtained by reaction of
polyethylene glycel, polypropylens glycol and
polytetramethylene glycol with 2-isocyanatoethy]l wmethacrylate
(IFM) or mfisopropenyl- 1. Y ,-dimethylbenzyl isocyanates (m-

TMI), and pblysiloxane-bisurethane-dimethacrylates as

- 19 =
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[err] wherein A is an activated unsaturated group, such as an

ester or amde of an acrylic or a nethacrylic acid, R6 is CH3 or H,
Ris an alkylene group having 1 to 10 carbon atoms and which may have =
et her |inkages between carbon atons; Dis an al kyl ene group having 1

to 10 carbon atons and which nmay have ether |inkages between carbon atons;
described in U.S. Patent Nos. 4,486,577 and 4,605,712. Still

other known crosslinking ggents are the feaction products of
polyvinyl mleohol, ethoxylated polyvinyl alcohel or of
polyvinyl alcohol—co—ethylene with 0.1 to 10 mol %.vinil
isocyanates like IEM or m-TMI.

The instant copolymers can be readily cured to cast
shapes by conventional methods such as UV polymerization, use
of free radical thermal initiaters or heat, or combinations
thereof, as commonly used in polymerizing ethylenically
unsaturated compounds. Representative free radical thermal
polymerization initiators are organic peroxides, such as
acetal peroxide, lauroyl peroxide, decanoyl peroxide, stearoyl
peroxide, bLuucuyl peroxide terciarybutyl peroxypivalate,
peroxydicarbonate, and the like, employed in a concentration
of about 0.01 to 1 percent by weight of the total mononer
mixture. Representative UV initiators are those known in the
field such as, benzoin methyl ether, benzoin ethyl ether,
Darocure 1173, 1164, 2273, 1116, 2959, 3331 (EM Industries)
and Igracure 651 and 184 (Ciba-Geigy). '

In addition to the above-mentioned polymerization
initiators and crosslinking agents, the monomeric mix and
resulting copolymer of the present invention may also iﬁclude
additional materials such as cqlorants,.tpughening agents, UV-
absorbing agents znd other materials such as tPOSe known in

the contact lens art.

- 20 -
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xis 1, 2 or 3 y is 0, 1, or 2; and X +y =3. Al so
pr eferree—are—t-he—f Luorinated bul ky polysil oxanyl al kyl monomers of the
foll owi ng formul a: 10 “lerf] T T T —

The résulting polymers of this invention can be formed.
into contact lenses by the spincast:l.ng processes such as those
disclosed in U.S. Pat. Nos. 3,408,429 and 3,496,254 and other
conventional methods, such as compression molding as disclosed

in U.8. Pat. Nos. 4,084,459 and 4,197,266.

Polymerization may be conducted either in a spinning
mold, or a stationary mold’ corresponding to a desired contact
lens shape. The thus~pbtained contact lens may be further
subjected to a wmechanical finishing, as occasion demands.
Also, the polymerization may be conducted in an appropriate
mold or vessel to give a lens material in the form of button,
plate or i-od, which may then be processed (e.d., cut or
polished via lathe or laser) to give a contact lens having a

desired shape.

The hydrogels produced by the present invention are
oxygen transporting, hydrolytically stable, biologically
inert, and transparent. The mnnnmérs and coi:olymers employed
in accordance with this invention, are readily polymerized to

. form three dimensional networks which permit the transport of

oxygen and are optically clear, strong and hydrophilic.

The present invention provides materials which can be
.usefully employed for the fabrication of prostheses such as
heart valves and intraocular lenses, as optical contact lenses

- 21 -
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wherein Rlerr] is CHerr]; and xis 1, 2 or 3 _ T
y is 0, 1 or 2; and X +y = 3. I n accordance with

anot her aspect the present invention provides a nononer ni-x conprising ats

| east one fluorinated pol ysil oxane-containi ng nonomer of this invention and
at | east one hydrophilic nononer. Still further, there is

provided a nethod of I ng fluori nat oI tal Lhg pol ymer
conprising the s Ep%s :ﬁ&{"ﬁ) o8¢ Bt E dne@grﬁ%as% 1-'tJﬁ em:gvent i on, and

(b) curing the nesad@msNo¥ntact lenses.

The present invention further provides articles of
manufacture which tan be used for biomedical devices, such as,
surgical devices, heart valves, vessel substitutes,
intrauterine devices, menbranes and other films; diaphragns,
surgical implants, blood vessels, artificial ureters,
artificial breast tissue and membranes intended to come into
contact with body fluid outside of the body, e.g;, membranes
for kidney dialysis and heart/lung machines and the like,
catheters, mouth guards, denture liners, intraocular devices,

and especially contact lenses.

It is known that blood, for example, is readily and
rapidly damaged when it comes into contact with artificial
surfaces. fhe design of a synthetic surface which is
antithrembogenic and nonhemolytic to blood is necessary for

prostheses and devices used with blood.
The following examples serve only to further illustrate

aspects of the present invention and should not be eonstrued

as limiting the invention.
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The fluorinated pol ysil oxane-contai ni ng nononers of the present invention
conbi ne the desirable features of known hydrophilic side chain

pol ysi | oxanes, such as relative conpatibility with hydrophilic nononers,
with inproved deposit resistance fromthe fluorinated group. Desired
properties of contact |enses nmay be affected and controlled by the use of
t hese nononers. For exanple, by alteri nEAMMBLE A ative ratio of the
conmononers (the aforenentioned fluorinated pol ysil oxarie nononer to the
hydr ophi | i ¢ nononer or nnnoners) certaln hydr ogel characteristics in the
pol yneri zed f| uoRtiesaxat B “- aplyaxepent@nebe al t er ed.

To a three~neck round bottém flask equipped with a

mechanical stirrer and thermometer is added allyl bromide
 (16.93 g, 0.14 mole), octafluoro-i-pentanol (27.2 g, 0.1 mole),

tetrabutylammonium hydrogen sulfate (1.7 g, 0.005 mole), 10
mls of 50% sodium hydroxide and 125 mls. of tetrahydrofuran.
The reaction shown below is complete following six hours of
reflux (70 degrees C) as determined by GC. The resuitant
solution is washed two times with distilled water. The
produet layer is collected and distilled (68 degrees C/30mm)

to give 31 grams (70%) yield of allyloxyoctafluoropentane,
H-(CF3) g~CH3~0H + Br~CHs~CH=CH>
PTC (TBAH/ 50% NaOH)
- H={CF3) z=CHo-0~CB3~CH=CHy
When 2 is 4 ﬁnd 6, allyloxyoctafluoropentane and

allyleoxydodecafluoropentane side chains are produced

respectively.

-~ 23 -
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10a The rel ative softness or hardness of the contact |enses
fabricated fromthe resulting polynmers of this invention can be varied by
decreasing or increasing the nol ecular weight of the polysiloxane nononer .
end- capped with the activated unsaturated group or by varying the percent’

of the conononers present. Generally, as the ratio of
pol ysil oxane units to end-cap units increaseﬁé the softness of the
material increases. | EXRMPLE 2
aration of a PP 100 thac e = o) 2 ole
dimethyl siloxane-co~25 mole % methyl siloxane hydride
prepolymexr : '

o a 1000 ml round bottom flask under dry nitrogen is
added octamethylcyclotetrasiloxane (371.9 g, 1.25 mole),
tetramethylcyclotetrasiloxane (100.4 g, 0.42 mole) and 1~3,
bis-methacryloylbutyltetramethyldisiloxane (27.7 g, 0.5 mole),
Triflnoromethane sulfonic acid (0.25% , 1.25 g) is added as
initiator. The reaction mixtire is =tirred overnight at room
temperature., Ten (10) grams of sodium bicarbonate'is then
added and the reaction mixture is again stirred overnight.
The resultant sclution is then filiered and placed under high
vacuum at 50 degrees C to remove the unreacted cyclic

cumpounds.- The monomer structure is confirmed by Lp-NMR

spectroscopy.
EXAMPLE 23
aparatio P 100 methacrylate end-~capped po 75 mole
imet il oxane=co-po e
octfluoropentvlo opvyl silo 2 _monomne cta-25

To a S500ml reund bottom flask equipped with a magnetic
sﬁirrer and water condenser, is added 15 g (0.002 mole) of the
silicone hydride monomer (as prepared in Example 1
2), 27.2 g.(0.1 mole} of allyloxyoctafluoropentane (from

exanmple 2),'2.5 mls of tetramethyldisilexane platinum complex

- 24 -
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Al t hough the present invention contenplates the use of the fluorinated

pol ysi | oxane nononer for both "hard" and "soft" contact |enses, the

di scl osed fornul ations are especially useful for the manufacture of "soft"
hydrogel contact lenses. Alens is considered to be "soft” if it can be *

fol ded back upon (auaps+ :w PROkh Benk) NGha 150 mls of\ dNngaegel is a hydrated
cross-linked polyneric stem that contains water in an equilibriumstate.

Silicone hydrogdie§¥hy °fuﬁ?ﬂrﬁ'§@) sy TEapHE Hfo¥ane SEHEY %ﬁYe“afrﬁ%Eq‘y
prepared by pol ynel ik ®nThXitiire 68 HRhA BELAL ik GASte@NEo 75 degrees ©

and the reaction is mt.:nitora'd by IR spectros.copy for loss of
silicone nyariae. '('men the silicene hydridc is removed (3-4
hours), the reaction mixture is cooled and the unreacted

allyloxyoctafluoropent::ane is removed by heating the product
under high vacuum at 50 degrees C for one hour. The monomer

\
structure is confirmed by lH-NMR spectrascopy.

CHly CHs ) C'iHa CHs - CHa CHj

CH2=C—C—0— {CH3) 4-S i- (O-S:.) %= (O-S i) y-O-Si- (CHy) 4 —O-C-C=CHz
0 CH3 : CH3 H CH3
+ H~(CF3) z-CHy-0-CHy~CH=CHp
(Pt complex) . (Hydrosilation Rx)

C(’Hz CH:; . CHa C‘Hs ‘{33 ' CH3

CHo= c-c-o— {CH3) 4-si— (b-s:.) x—(0-81) y—o-s;- {CH2) 4—0-F-c=cn2
CHg . CHg C‘HZ CH3 o
! CH2

He (CF32) 5~CHa~0=CHz ~CH=CHy
where y is 10, 25 and; 40;
®¥ 4+ y is. 100; and
'z is 4 and 6

HE - 25 =
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silicone-containing nononmer and at |east one hydrophilic nonomer. Either

the silicone-containing nononer or the hydrophilic nononer may function as

a crosslinking agent (a crosslinker), being defined as a nononer having

mul tiple polynerizable functionalities. Alternatively, an additional -

crosslinker may be enpl oyed. VMe&m%gﬁﬁbgrn1"activated" Is used with
" hereln nt that an unsaturated

the term “"unsaturated group
group which i s aqggepaietia e ime .
free radical polynerlzatlon These actlvated unsaturated Q;oups are
pol ymeri zed to form t K8 HIMFREr BeGk Foad bottem flask equipped With a

thermometer and wmagnetic stirrer is added

- methaeryloylpropyltrichloresilane (2.5 g, 0.01 mole),
dimethylchlorosilane (6.53 g, 0.069 mole), triethylamine (7.69
g, 0.076 mole) and 25 mls of anhydrous diethylether. The
reaction mixture is cooled to -15 degrees C and distilled
water (5 g, 0.2B mole) is slewly addeci. The reaction is
allowed to come to room temperature slowly and the reaction is
stirred overnight. The resultant solution is washed three
times with distilled water. The ether layer is collected,
dried over magnezium sulfate, filtered and the diethylether is
fembved u's:’.ng a rotoevaporator. The resultant oil is vacyum
distilled (83~93 degrees C/lmm) to give a 51.4 % yield of
57.5% pure (as determined by GC} methacryloylpropyl tris
(dimethylsilyloxy)silane.

 EXAMPLE §

re: atio b mathac 7o ris{octarflu ent: -
opyldimeth i o) s5i)

To a 200 ml round kottomr flask is added
néthacryloylpropyl tris (dimethylsilyloxy) silane (5.0 g,0.013
mole),, allylexyoctafluoropentane {21.4 ¢, 0.07% mole), 0.005
nl of a plat:.num divinyl complex (Huels) and 50 mls of

tetrahydrofuran. The solution is refluxed for one hour at

_— .
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12 present invention. Preferably th
pol yneri zation under mld condition
When the term "pol ynerization” is u
pol yneri zati on of the doubl e bonds

pol ymeri zabl e unsaturated groups wh

e activating groups |lend
S, such as, anbient tenperatures.
sed herein we refer to the...

of the polysiloxanes endcapped wth
ich results

which time the silicone hydride is reacted as shown by ln-NMRr

spectrascopy.

The tetrahydrofuran and unreacted allyloxyocta

fluoropentane is remoyed using a rotoevaporator (50 degrees C

at 30mmj resulting in

methacryloylpropyl tri

(octafluorepentyl oxyp:

Phvsical Propert
tocta-25) with 4]

All of the films

property evaluation w
procedure., The films
using a Teflon gasket.
(0.5% concentration).
irradiating the films
intensity of 3700 uW/c
extracted in 2-propang

expansion), dried at I

a2 gquantitative vield of
s

opyldinethylsilyloxy)silane.

EXAMPLE 6

me Cast octafluof

25 mole

cast for physical and machanical

re prepared using the following

were cast between silanized glass plates
The UV initiator was Darocur 1173

The cure conditions consisted of

|foxr two hours with U, V. lamps at an

n2,

Following the cure, the films were
1l overnight at room temperature (300%

joom temperature for two hours and boiled

for two hours in bufered saline. The films were evaluated

for mechanical propert]
stability. The hydrol
the test samples at BO

monitoring the weight

ies, Oz permeability and hydrolytic
Ftic stahility test consisted of heating
degrees C in buffered saline and

loss at 3, .5 and 7 days.
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in a crosslinked three dinensional
as "(nmeth)acrylate" or "(neth)acr
optional nethyl substitution. Thu
both acrylate and nethacryl ate an
N-al kyl acryl am de and. N-al kyl

"prepol ymer" denot es T&8HD o FEPY

net wor k. Further, notations such
| am de" are used herein to denote
, for exanple, (nmeth)acrylate includes-
N-al kyl (et h) acryl am de includes both
met hacryl am de. The term
heﬂ‘%"f"ﬁéb]cf + MRAGRT R EENF aC2nei ght
noNOMer cont ai Nipgrakbi oG ahdOnedHahYERY icaehk! £0:0F94RS cakhCr B RRE! Sprafded

to the nmononeric mxture of the pnesent invention may be nonomers or
methacrylate end-capped 25 mole % octafluoro .(octa-25) with

dipethylacrylamide ( ). No co-—solvent was needed to-

solubilize the components. The films were transparent.

Tadble 1
Extractable, Water Content, Oxygen Permeability and Mechanical
Data for octaflucro Siloxane/DMA Based Formulations

Mix $Extract. fWater DK Modulus %Elong. Tensile Tear

100/0 11.87 0.0 530 55 40 18 1.5

90/10 8.57 6.3 397 les 38 48 1.5

80/20 7.24 18.18 223 219 34 48 3.3

75/25 6.80 25.5¢ 134 222 29 44 4.1

70/30 5.78 30.94 138 210 63 68 3.1
EXAMPLE 7

comparative Examhle — . Hhil t 5 mole %

Octafluoro (octa-?
Eiloxanes Not Havi

.Formulations were prepared form 70 parts of a DP 100

11ic Monomers Compared with
Tarmina

methacrylate end-cappeg polydimethylsilexane with 30 parts of
DMA. The formulation gave a phase separated ;nixt.ure.. .The.
polydimethylsiloxane ahd DMA were incompatible. No attempt to
cast films from this mixture wag made. In addition, solutions
were prepareqd from a DL 100 methacrylate end-~capped
polydimethylsiloxane cbntaining 25 mole % nonafluoro side
¢hain, (i.e. the terminal -CFs~H bond was replaced with a

terminal fully fluorinated =~CF3 group), with 30 parts of DMA.

- 28 ~

This Sheet Has Been Replaced

(U




prepol yners. Thus, it is understood that the terns "silicone- containing
nononer s" and "hydrophilic nononers” include correspondi ng prepol yners.
Exanpl es of such nononmers can be found in U S. Patent Nos. 4,136, 250; .
4,153, 641; 4,740,533; 5,034,461 and 5, 070, 215. ~The ternms "shaped °*
articles for use in bionedical applications” or "bionedical devices or

mat eri al s" neanatfiase separated mixture resulted. The DMA and polysiloxane

were incompatible. No attempt was made to cast films from

this mixture.

EXAMPLE 8

ata -~ unorosi ne o
Table 2 shows the extractable, water content, Oy
pemeability and mechanical property data for films prepared
from the DP100 methacrylate end-capped 25 mole %
octafluorosiloxane with DMA aﬁd vinyldimethyloxazelidinone
(VDMO) as the hydrophilic monomers. All of the films prepared

were transparent.

Table 2
25 mole & Octafluorosiloxane/DMA/VDMO Formulation Properties

Mix $Extract. TWater DK Modulus %Elong. Tensile Tear

70/30 5.8 34 145 180 40 47 3.1
70/730/1 6.4 33 132 156 as 37 2.9
70/30/3 5.9 37 102 106 36 22 2.5
70/30/5 5.0 42 66 103 50 ) 30 2.6
EXAMPLE 9
Data - Fluorosiloxane I8 P

Tables 3 and 4 show the extractable, water content, Op
permeability and mechaniecal property data for films cast from

the 25 mole % octafluoreosiloxane. with methacryloxy propyl

- 29 -
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14 pol ysil oxanyl al kyl (nmeth)acryl ate containing nononers are, for exanple,
nmet hacryl oxypropyl tris(octafluoropentyl- oxypropyl di nethyl siloxy)sil anes.
The preferred fluorinated side groups are the propyl oxyoctafl uoropent anes,
t he propyl oxytetrafl uoropropanes and the propyl oxydodecaheptanes, with the
propyl oxy octafl uoropentanes being the nost preferred. The present
i nventi on cont enpkaisdrivethyisippryprilade (TRIS), DMA and N~

vinylpyrrolidinone (NVP).

Table 3

25 mole % Octafluorosiloxane/TRIS/DMA/NVFP Formulation

Properties
Mix twaterx DK Modulus Tear
80/0/20/0 17 186 155 1.8
80/0/15/5 17 212 170 2.4
80/0/10/10 15 183 195 1.9
80/0/5/15 16 186 190 2.0
70/0/30/0 28 108 190 3.0
70/0/20/10 25 112 217 3.5
70,/0/1.0/20 27 130 212 2.5
. 75/0/5/25 24 160 179 1.4
40710710740 52 52 21 2.3
Table 4

25 mele % Octafluorosiloxane/TRIS/DMA/NVE/EGDMA Formulation

Properties
Mix iwater . DK Modulus Tear
50/0/10/40/0.2 41 65 171 2.4
40/10/10/40/0.2 46 63 83 2.3
25/25/10/40/0.2 51 81 32 4.5
10/40/10/40/0.2 54 76 : 20 8.2

All formulations contain 20 parts hexanol.

EGDMA is ethylene glycol dimethacrylate.

EXAMPLE 10
ilm Data - Mrig-Fluo oxane

Films were cast from the octafluoro substituted tris

methacrylate (as prepared in Example $) using DMA as a
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enbodi nment,; polynerizing, in a nmononmer mx, nore than one type of
pol ysi | oxane nononer, one of which has at | east one polar fluorinated
si | oxane- cont ai ni ng nonorer as defined herein, wth at |east two
hydrophilic nononers to produce a contact |ens material. Addi ti onal 2

hydr ophi lic m”°?§£§ho%¥ bea %zgs pocrt%flgul ntsghs%l §t88|¥£gl C conpositions )

contenpl ated by present ven orm Such preferred
hydrophilic nDnoeercryhytdsDMal fostulacsyh i.p.bsses%seﬂ layi-ratmtmhném aEndsmay be

used as crosslinkin enpts. The term"vinyl -t " " | - contalnlng
nononers refers Fo %dﬁgﬁg Rq e ﬂB‘%‘Hﬁ’@rg t&( rfg‘“?h% '?ﬁ y FERTEDI R

(CH err] =CH err] ».7 Yyed. hythk aplakitisn,Vieiyhs wee@ Mo caAgE "RARAE are known
to polynerize relatively easily.
octafluoro substituted tris methacrylate and NVP mixtures.
The resultant films were transparent without the presence of a
cosolvent in the monomer mix. A 70/30/0.5 octafluore
sulbstituted tris methacrylate/NVP/EGDMA formulation has a
water content of 25 %, a Dk of 45, a modulus of 107 g/mm* and

a tear strength of 3.7 g/mm,

EXAMPLE 11
st _Molding of Octafluorosiloxane Based lenses
lLenses were cast using the DF 100 methacrylate end-capped
25 nole % cctafluoro side chain siloxane/DMA/Darocur 1173
(70/30/0.5) formulation using the cure conditions iisted in
Example 8. The overall yield of cosmetically acceptable
lenses was 40%. YPollowing a Z-propancl and buffered saline

estrastion, the resultant lenses showed excallent wettability.

A1l formulations further contained 20 parts hexanol.
Hydraxyethyl methacrylate vinyl carbonate (HEMAVC) and
ethylene diglycoi methacrylate (EDGMA) are used as

crosslinking agents,

- 31 -
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"Acrylic-type" or "acrylic-containing" nononers are those nononers
containing the acrylic group (CH err]=CRCX) wherein Ris Hor CHerr], and

Xis Oor NH 14 pol ysi | oxanyl al kyl
(meth)acryl ate containing nononers are, for exanple, nethacryl oxypropyl :
tris(octafluoropentyl- oxypropyl di methyl sil oxy)sil anes.

Many other modifications and variations of the present
invention are pos&ible to the skilled practitioner in the
field in light of the ieachings herein. It is therefore
understood that, within the scope of the claims, the present
invention can be practiced other than as herein specifically

described.

- 32 -

—_

—_—

This Sheet Has eplaced

O



The preferred fluorinated side gioups—are-the alkyl fluorinated side

chai ns, such as the proﬁmm ent anes, the _

propyl oxyt et raf | uor oprop ﬂmm M&n pyl oxydodecahept anes, with the
propyl oxy octafl uoropentane$ bei ng st preferred. The present
I nvention contenplates, in one preferred enbodinent, polynerizing, in a
nononmer m x, nore than one type of polysiloxane nononer, one of which has

at | east one polar c1zH yorinated siloxane-containing mononmer, with at |east
two hydrophilic nononers to produce a contact |ens materi aI

1. A method of improving the solubility of a polysiloikane-~
containing monomer in a hydrophilic monomer which comprises
attaching to the polysiioxane—containing monomer a polay
fluorinated sgide group having a hydrogen atom attached to a

terminal difluoro-substituted carbon aton.

2. A method of making a fluorinated siloxane-containing
pelymer comprising the steps of a) preparing a monomer mix
eomprising a siloxane-centaining monomer to which is attached
a polar fluorinated side group baving a hydrogen atom attached
to a terminal difluoro~substituted carbon atom, at least one
hydrophilic monomer, at least one initiator: and b) euring the

nonomer mix of step a).

3. The monomer mix of Claim 2 wherein said polar fluorinated
side group has the schematic représentation
=D~(CF3) 2K

wherein _
2z is 1 to 20; and

D is an alkyl or alkylene group having 1 to 10 carbon

atoms and which may have ether linkages between carbon atoms.
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Addi ti onal hydrophilic nmononers mﬁbe i ncorporated into the polyneric

conposi tions cont enpl Hlm m H I nvention to form hydrogels. Such
preferred hydrophilic elther acrylic- or vinyl-containing
and may be wused as crossl | nk| ng agents. The term" vinyl-type" or "vinyl- 1

cont ai ni ng" nononers refers to non-acrylic nononers containing the vinyl
grouping (CHerr]=CHerr]). Such hydrophilic vinyl- containing nononers

ar e known to pol ymer g8 hLelald vgl ¥Jfahlo§él YnerainCLlyid gm%é/nper ol further

"acrylic-containihg' TONONBI S af e nononers contal ni hg hE acrylic
group (CH[ err] =[ estigyiselcatiYeaRti 6ne krossChikdng|agennd X is O or NH

5. The method of Claim 2 wherein said siloxane-containing
monomer mix comprises an additional siloxane-containing

nonomey .

6. The method of Claim 2 wherein the siloxane~-containing
monomer of step a) is comprised of a repeating number of

between from about 2.to about 200 siloxy units,

7. The method of Claim 2 wherein the siloxane-containing
wmonomer of step a) is comprised of about 100 repeating siloxy

units.

8. The method of Claim 3 wherein the fluorinated side group
is comprised of an alkyloxyperfluoroalkyl group.

9, The method of Claim 8 wherein the fluorinated side group

is selected from the group consisting of
-~ 34 -~
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16 (trimethylsilyl)propyl vinyl carbonate; 3-

(vi nyl oxycar bonyl t Hi I i rimethyl siloxy)silane]; 3-
[tris(trimethylsil Hlmn“m?l ”Mﬂru 'vi nyl carbamate; 3-
[tris(trimethylsiloxy)Silyl]"propyd allyl carbamate; 3-
[tris(trinmethylsiloxy)silyl]propyl vinyl carbonate; t-

but yl di met hyl si | %?ibﬂoéﬂaQYhofﬂ{éﬂQQﬁéﬁi b épyTRAYL €4 e t-Eopakbsy lana
carbonate; trimethylsilylmethyl vinyl cargonate; and "V[err]&}ﬂr " as
shown in the fol#=oRYAeXYHIdpgRgivorcheptanes. :

10. The method of Claim 8 wheréin said fluorinated side group
is represented by the formula:
=CHy~CHp~CHy~0-CHa - (CFy) 2-H
wherein |

z is 1 to 20.

1). The method of Claim 2 wherein said monomer mix further

comprises more than one hydrophilic monomer.

12. The nmethod of Claim 2 wherein said hydrophilic monomer is

a vinyl-containing or acrylic-containing monhomer.

13. The method of claim' 12 wherein said hydrophilic monomers

are N,N-dimethyl acrylemide and N-vinyl pyrrolidona.

14. A siloxane-containing monomexr having at least one
fluorinated side group and having the general schematic

representation:

- 35 ~
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[err] \M“m |s an al kyl ene group having 1 to 10 carbon
atons and mmww#m# t |inkages between carbon atons; and
is 1to 20. * é desirable for both an acrylic-containing

R R3 Ry R
A~-R - ?i - [0-81]x - [O’Sily - D-Si - R =A
R2 R4 Rs %,

wherein:

R is an alkyl or alkylene group having 1 to 10 cai‘bon
atoms and which may have ether linkages between carbon atonis:
Ri=R4 may independently ke a monovalent hydrocarkan
radical or a hélogen substjituted monovalent hydrocarbon
radical having 1 to 18 carbon atoms which may have ether
linkages between carbon atoms;

x is > 0;

y is > 2;

X + Yy = 2 to 1000;

Rs is a fluorinated side group having the general
schematic representation:

- D~ (CF3), =~ H
wvherein z is 1 to 20;
D is an alkyl or alkylene group having 1 to 10 carbon

atoms and which may have ether linkages between carbon atoms:

and

A is an activated unsaturated group, such as an ester or
amide of an acrylic or a methaorylic acid or is a group
represented by the general formula:

cuzscnogy-
wherein

Y is- "'0"" ~8~ or —-NH-.

- 36 ~
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hydrophilic monomer and & vinyt-eentaining hydrophilic nonomer to be

I ncorporated into the Si|| ai ni ng polyner of the present

i nvention, a further cross '@ﬁ m m,mml ng both a vinyl and an acrylic
polynerlzable group may be us se vinyl and acrylic hydrophili‘
nmononers have different reactivi ty rati o5 and copol ynerize at vastly

different rates or will not copolynerize at all. Such crosslinkers, such
as 16

15. The monomer of Claim 14 wherein said fluorinated gide

group comprises an alkyloxyperfluoroalkyl group.

16. The monomer of Claim 15 wherein said fluorinated side
group is selected from the group consisting of
prapyloxyoctafluoropentanes, propyloxytetrafluoropropanes, and

propyloxydodecafluorcheptanes,

17. The siloxane—coentaining monomer of Claim 15 wherein said
flnorinated side group is represented by the formula:
~CHa~CHy~CHa~0~CHyz - (CFy ) 2=H
wherein

2 is 1 to 20,

18. The siloxane-containing monomer of Claim 14 wherein said
siloxane-containing sonomer is comprised of a repeating numbexr

of between from about 2 to about 200 siloxy units.

19. The siloxane~containinhg monomer of Claim 14 wherein saia
siloxane~containing monomer is comprised of about 100

repeating siloxy units.

- 37 -
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(trinethylsilyl)propyl vinyl carbonate; 3-

(vi nyl oxycar bonyl th mmﬂmml Hﬂmﬂm ri met hyl sil oxy)silane); 3-
(tris(trimethylsilo vi nyl carbamate; 3-
[tris(trimethylsiloxy)silyi] "prdpyt allyl carbamate; 3-
[trls(trlnethyI5|ony)5|lyl]propyl vinyl carbonate; t-

but yl di net hyl si | oxyet hyl vinyl carbonate; trinethylsilylethyl vinyl

carbonate; trinethylsilylnethyl vinyl carbonate; and "V[err][Ierr]"

shown in the follomnng f or nul a: [err]
20. A fluorinated bulky polysiloxanylalkyl (meth)acrylata-
containing monomer having the general schematic
representation:
?6
A-R-Si-[0~Bi-D~(CF2)4-H]x
! i
o Rg
1
Rs*-‘-‘;‘i-r
R Y

wherein .
A is an activated unsaturated group, such as an ester or

amide of an acrylic or a mathacrylic acid;
Rg is CHa or H;

R is an alkyl or alkylene group having 1 to 10 carbon
atoms and which may have ether linkages between carbon atoms;

D is an alkyl or alkylene group having 1 to 10 carbon
atoms and which may have ether linkages between carbon atoms;

x is 1, 2 or 3;

y is 0, 1 or 2; and

X+ y=3.

21. A fluerinated bulky polysiloxanylalkyl-eentaining menomer
having the formula:

'CH3
cg2=c-c(o;—o~(nq)3-fi-[o-si(cn3)z-(kv)3-°-CH2-(CF214-HJx
(O-5i-(CH3)a)y

wherein
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wherein X |s“mmmm/“"z Ll | ene group having 1 to 10 carbon atons
and whi ch nay have um et ween carbon atons; and zis 1l

to 20. When*it€i st de'si fabte for both an acrylic-containing

hydr ophi li ¢ nononer and a vinyl -containing hydrophilic nonomer to be R

I ncorporated into tl*kg_, S L_.'F_lcgne-cont ai ni ng polyner of the present
I nvention, a further cross Fnking agent having.both a vinyl and an acrylic

pol yneri zabl e group ¥#eis Be @sex,3:since these vinyl and acrylic hydrophilic

nononmer s have di ffer;zn}s 0., 1 or 2: ana
. . :

X +y =3,

22. The monomer of Claim 20 wherein said Ffluorinated side

group comprises an alkyloxyperfluoroalkyl group,

23. The monomer of Claim 22 wherein said fluorinated side
group is selected from the group consisting of
propyloxyoctafluorepentanes, propyloxytetrafluoropropanes, and

propyloxydodecafluoxroheptanes.

24. The monomey of Claim 22 wherein said fluorinated side
group is represented by the formula:
~CHy—-CH2~CHy ~0—CH2~(CF3) z—H
wherein

Zz is 1 to 20.

25. A wonomer mix comprising at least one siloxane~containing
monemer which comprises a polar fluorinated side group having
a hydrogen atom attached to the terminal difiuoro-substituted

carbon atom and at least one hydrophilic monemer.
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reactivity ratios aﬁd‘copofynerlze at vastly different rates or wll

copol ynerize at all. ,, such as
17 met hacryl oxyet hyI ng (u“ FHEI\/AVC) and nethacryl oyl et hyl
[

car bamat e

whi ch faci
are the subject of

| tcat @ e scopol yneri zation of the conononers

Application No. 07/922,452 filed July 30, 1992. Such

26. The monower mix of Claim 25 whérein said fluorinated side

group has the general schematic representatidh:

«D~(CFp} zH

wherein
2 is 1 to 20; and

D is an alkyl or alkylene group having 1 to 10 carbon
atoms and which may have ether linkages between carbon

atoms.

27. 'The monomer mix of Claim 26 wherein said monomer mix
further comprises at least one additional siloxane-containing

nononmer.

28. The monomer mix of Claim 26 wherein said monomer mix

further comprises at least one additional crosslinking agent.

29. A polymerization product comprising at least one
Siloxane-containing monomer which comprises a polar
fluorinated side group having a hydrogen atom attached to.the
terminal difluvoro-substituted caxbon atom and at least one

hydrophilic monomer.

- 40 -
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crosslinkers are represented by the followi ng schematic representation:

][gm“ a\:/\/nerei n v”mﬂm,ﬁ"mm;’rmlcom ai ni ng group having the.-

30. The polymerization product of Claim 29 wherein said
fluorinated side group has the general schematic

yepresentation:

wherein
2 is 1 to 20; and

D is an alkyl or alkyvlene group having 1 to 10 carbon
atoms and which may have ether linkages between carbon

atoms.

31. A polymerization product cdnprising:
‘a) a siloxane-containing monomer comprising at least

one fluorinated side group and having the general schematic

representation:
1 B3 Ry R1
A~ R~ Si -~ [0-51 - [0~8i - 0-8i - R =-A
‘ [ 1 Ix—- [ : iy i
Rp 4 Rg Ra
wherein:

R is an alkyl or alkylene group having 1 to 10 carbon
atoms and which may have ether linkages between carbon atoms:
Ri-Rs4 may independently be a monovalent hydrocaxbon
radical or a halogen substituted monovalent hydrécarbon
radical having 1 to 18 carbon atoms which may have ether

linkages between carbon atoms;
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A" denotes an acryl cont ai ni ng group having the formula:

[s?;;]ene-cont ai ni ng Ju ym,ﬂ"mm 1’"} or mul a: e S denotes a

X is > 0O;
Y is > 1;
X+ y =2 to 1000;
R is a fluorinated side group ﬁaving the general
schematic representation: |
- D~ (CF3)z - H
wherein z is 1 to 20;

D is an alkyl or alkylene Qraup having 1 to 10 carbon
atoms and which may have ether linkages between carbon atoms;
and

A.is an activated unsaturated group, such as an ester or
amide of an acrylic or a nethacryl.ic acid or is a group

represented by the general formula:

CH 2=CHOg!~
wherein

Y is =0-, =S~ pr ~-NH~:; and

b) at least one hydrophilic monomer.

32. The polymerization product of Ciaim 31 wherein said
monomer mix further comprises at least one additional

siloxane~containing monomer.

- 42 -
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[err] Is an al kyl radical derived from substituted
and ~unsubsti tut,mu“ﬁlﬂ”%mmhﬂkpol yal kyl ene oxide, poly(perfluoro)

al kyl ene oxi de ol ydi net hyl si | oxane, di al kyl -capped
polydlnethyIS|onane nDdIerd "with fluoroal kyl or fluoroether groups;

Rlerr]-Rerr] are independently H, or alkyl of 1 to 5 carbon atons;

Qis an organic group containing aromati c noi eties having
33. The monomer mix of Claim 3) wherein said monomer mix

e

further comprises at least one additional. crosslinking agent.

34. The polymerization product mix of Claim 31 wherein saig
hydrophilic monomer is a vinyl-containing or acrylic-

containing monomer.

35. The polymerization preduct of Claim 34 wherein said
vinyl-containing hydrophilic mohomer is selected from the
group consisting of Nevinyl-N-methyl acetamide, N-vinyl-N-
wthyl ncctamide, N-—vinyl-Neathyl farmamide. N-vinyl-formanide

and N-vinyl pyrrolidone.

36. The polymerization preduct of Claim 34 whereiﬁ said
acrylic~econtaining hydrophilic monomer is selected from the
group consisting of 2-hydroxyethyl methacrylate, glycersl
nethacrylate, 2-hydroxyethyl nethacrylamide,'methacrylic acid,
acrylic acid and N,N-dimethylacrylamide.

: 37. The polymerization product of Claim 31 wherein said
polymerization product further comprises at least one

additional siloxane-containing monomer.

- 43 -
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6- 30 carbon atons nd Z are independently O, NH or S; %
is 1, or hi gherJ“ﬂI uI“ l E \“Eare i ndependent|ly greater than or equal to
0, and an or equal to 1. Such crosslinkers

hel p to render t he resultl ng copolymer totally UV-curable. However, the *
copolynmer could also be cured solely by heating, or wwth a conbi ned UV and
heat reginen. Therefore; it is understood. that t he necessary photo and

thermal initiators required t ure the copol nay be conprised therein

as woul d be appdPent® tpal%’ﬂ%%je‘%;?ﬁ‘ IFE&dPﬁtt‘??é‘P {sing?
a) a fluormated bulky polysiloxanylalkyl (meth)acrylate-

containing monamer having the formulas

Rs
A—R—S i-[O-Si-D- (crgl 4-H.'lx

B

A is an activated unsaturated group, such as an ester or

wherein

amide of an acrylic or a methacrylic acid;
Rg is CHy or H:

R is an alkyl or alkylene group having 1 to 10 carbon
atoms and which may have ether linkages between carbon atems;
"D is an alkyl or alkylene group having 1 to 10 carbon
atoms and which may have ether linkages between carbon atoms:

x is 1, 2 or 3:
y is 0, 1 or 2; and
X + ¥y = 3; and

b) at least one hydrophilic monomer.

3%. The polymerization product of Claim 38 wherein said
 monomer mix further comprises at least one additional
siloxane~-containing monomer.

-~ 44 -
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art. O described in U S. Patent Nos.
4,486,577 and 4,qH lnq “u "l her knomn crosslinking agents are the
reaction products cohol, ethoxyl ated polyvinyl alcohol or

of  pol yvi nyl al cohol < co- ethylene with 0.1 to 10 nol % vi nyl |socyanates
like TEMor mTM . . The instant copolynmers can be readily cured to
cast - 40. The monomer mix of Claim 38 wherein said monomer mix

further comprises at least one additional crosslinking agent.

41. The polymerization product of Claim 38 wherein said
hydrophilic wonomer is a vinyl-containing or acrylic-

containing monomer.

42. The polymerization product of Claim 41 wherein said
vinyl;containing hydrophilic monomer is selected from the
group consisting of N-vinyl-N-methyl acetamide, N-vinyl-N-
ethyl acétanide; N-vinyl-N-gthyl formamide, N-vinyl-formamide

and N-vinyl pyrxrolidone.

43. The polymerization product of Claim 41 wherein said
acrylic-containing hydrophilic monomer is selected from the
group consisting of 2-hydroxyethyl methacrylate, glycerol
methacrylate, 2-hydroxyethyl methacrylamide, methacrylic acid,
acrylic acid and N,N-dimethylacrylamide.

44. The polymerization product of Claim 32 wherein said

polymerization product is a hydrogel.

- 45 -
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N N " -
shapes by conventional nethods such as UV pol ynerization, use of free

radi cal thermal initiat ﬂmlm "m nbi nati ons thereof, as comonly
used in polynerizing et 'm”mlumfurat ed conpounds. Represent ative
free radical thermal pol'yméritatfonsimtiators are organic peroxides, such
as acetal peroxide, |auroyl peroxide, decanoyl peroxide, stearoyl

peroxi de, begzQyl rRer gy e&ﬁ%hhibﬁbﬁiaémﬂ§Eﬁ%b@h!ﬁ'Qéewhereln said
per oxydi carbonate, and t |1 ke, enployed in a concentration of 0.01

to 1 percent poiywerdratdbnt peotatt| igvadmmirogulxt ure. Representative W
initiators are those known in the field such as, benzoin nethyl ether,
benzoin ethyl ether, Darocure 1173, 1164, 2273, 1116, 2959, 3331 (EM

| ndustri es) ' ' '

46. A contact lens made from a polymerization product
comprising at least one siloxane-containing monomer which
comprises a polar fluorinated side group having a hydrogen
atom attached to the terminal difluoro-substituted carbon atom

and at least one hydrophilic monomer.

47. ‘The contact lens of Claim 46 wherein said fluorinated

side group has the general schematic representation:

-D"(CFE) zH '

wherein
2 is 1 to 20; and

D is an elkyl or alkylene group having 1 to 10 carbon
atoms and which may have ether linkages between carbon

atoms.

48. A contact lens made from a polymerization product'which
conprises: '

a) ~'a siloxane-containing monomer comprising at le?st
one fluorinated side group and having the general schematic

representation:

- 46 -
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and I gracure 651 and 184 (G ba-Ceigy).
above- nenti oned pol yneri zati on:

- B B,

L el

nonomeric m

i ncl ude

absor bi ng agentstand dt hér faterials such as those known in

| ens art.

add

A

In addition to the
initiators and crosslinking agents,

t he

copol yner of the present invention may al so |

such as col orants,

Ry R3 R

U\/_
t.he cont act

t ougheni ng agents,

R

B 1 . is .
al . - - - -8 3 - O=81i - R =A
A <R =81~ [0-81)x - [0-§ily ~ O-%

wherein:

Ry

Ry Rs

Rp

R is an alkyl or alkylene group having 1 to 10 carbon

atoms and which may have aether linkages between carbon atoms;

R1~Rz may independently be a monovalent hydrocarboen

radica) or a halogen substituted monovalent hydrocarbon

radical having 1 to 18 carbon atoms which may have ether -

linkages between carbon atoms;

x is' > 0;

y is > 2;

X +y =2 to 1000;

Rs is a fluorinated side group having the general

schematic representation:

—D-

(CFa)z - H

wherein z is 1 to 20;

D is an alkyl or alkylene group having 1 to 10 carben

atoms and which may have ether linkages between carbon atoms;

and

A is an activated unsaturated group, such as an ester or

anide of an acrylic or a methacrylic acid or is a group

represented by the general formuwla:

CH2=CH03Y“

wherein

- 47 -
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21 The resulting polymers of .this invention can be formed into contact
| enses by sﬁﬂl”ﬂlﬂ]ﬂ"ﬂlﬂﬂmﬁes such as those disclosed in U S. Pat.
Nos. 3,408, 429 g -other conventional nethods, such as
conpression nol ding a8 dPsctosed’ in U S. Pat. Nos. 4,084,459 and

4,197, 266. Pol ynmeri zati on may be conducted either in a spinning
nmol d, or a statiogaryghohd COsL ePUFi-Ndaln@ @ desired contact |ens shape.
The t hus- obt ai ned contact ens may be further subjected to a nechani cal
fini shing, as occasi on demands.

b) at least one hydrophilic monomer.

49. The contact lens of Claim 48 wherein said monomer mix
further comprises at least one additional silexane-containing
monomer.

50. The contact lens of Claim 48 wherein said monomer mix

further comprises at least one additional crosslinking agent.

51. The contact lens of Claim 48 wherein said hydrophilic

monomer is a vinyl-containing or acrylic-~containing monomer.

52. The cdntact lens of Claim 51 wherein said vinyl-
containing hydrophilic monomer is selected from the group
consisting of N-vinyl-N-methyl acetamide, N-vinyl-N-ethyl
acetanide, N-vinyl-ﬁ-ethyl formanmide, N-viﬁyl-formamide and N-

vinyl pyrrolidone.

53. The contact lens of c1aim 51 wherein said acrylic-
containing hydrophilic monomer is selected from the group

consistiné.of 2-hydroxyethyl methacrylate, glycercl

- 48 -
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Al s'o', "t he poltl wmu“mu Hwe conducted in an appropriate nold or vessel
to give a |l enSy | ety formof button, plate or rod, which may

t hen be processed (e.g., cut or. polished via lathe or laser) to give a

contact Iens Fg&g h{@sig_«;‘(}dyg%ggthﬁnget%%’%fy%&e tggg%&ggg Qé,‘i&,he

present invention ar oxXygentranspor ol ytically sta

biologically abfpiic ﬁﬁﬁ@?ﬂﬂ&hetﬁ??aﬂ??%&e.and. copol yners enpl oyed
in accordance with this invention, are readily polynerized to formthree

di nensi onal networks which permt the transport of oxygen and are
optically clear, strong and hydrophilic. .
54. The contact lens of Claim 48 wherein said polymerization

product further comprises at least one additional siloxane-

containing monomer.

§5. A contact lens made form a polymerization product which
éomprises:
a) a fluorinated bulky polysiloxanylalkyl (meth)acrylate-
containing monomer having the formula:
Rg
}

A-R-Si-[0-Si~D-(CF3) 4-H])x
! i

o Rg

]
Rg-Si=-Rg

{

Rg y

wherein
A is ah activated unsaturated group, suéh as an ester or
amide of an aqryiic or a methacrylic acid;
Rg is CH3 or H:
R is an alkyl or alkylene group having 1 to 10 carbon
A atoms and which may have ether linkages between carbon atoms;
D is an alkyl or alkylene gfoﬁp having 1 to 10 carbon

atoms and which méy have ether linkages between carbon atoms:;

—_—
—
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Thé]p?esent I nventon s which can be wusefully enployed
for the fabrication of mﬁm ﬂEl‘“ﬁ Imjﬂﬂ I heart val ves and intraocul ar
| enses, as optical contactclenses s _ 22

or as fI|ﬂS More particularly, the preferred enbodi nents of the present
i nvention concern gofsali 2ecosecd;

y is 0, 1 or 2; and
X +y=3; and

b) at least one hydrophilic monomer.

56. The contact lens of Claim Sslwherein said monomer mix
further comprises at least one additional siloxane-containing
monomer.

57. The monomer mix of Claim 55 wherein said monomer mix

further comprises at least one additional crosslinking agent.

58. The contact lens of Claim 55 wherein said hydrophilic

monomer is a vinyl-containing or acrylic-containing'monomer.

59. The contact lens of Claim 56 wherein said vinyl-
containing hydrophilic monomer is selected from the group
consisting of N-vinyl-N-methyl acetamide, N—#inyl—n-ethyl
acetamide, ﬁ-vinyl-N-ethyl formamide, N-vinyi-formamide and N-

vinyl pyrrolidone.

60. The contact lens of Claim 56 wherein said acrylic-
containing hydrophilic monomer is selected from the group

consisting of 2-hydroxyethy1'methacrylate,'glycerol

———
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Thus the provides articles of manufacture which can be

used for mﬁ[’mal“mﬂm“ , such as, surgical devices, heart valves,
vessel subs as, » | Btrauterine deV|ces menbr anes and ot her fil s,

di aphr agns, surglcal i mpl ant's, bl ood vessels artificial ureters,

artificial br theagd%%%’%l Hethdedyiangagr ﬁ&&cﬁm@%w th

body fluid outS| nbranes”™ for kldney di al'ysi s and

heart/| ung n&ah@ua@ aedat aaal ¥ jee-aimitiaaerylamideld guards, denture liners,
i ntraocul ar devices, and especially contact | enses. . It is known
that bl ood, for exanple, is readily and

61. The contact lens of Claim 48 wherein said polymerization
product is a hydrogel.

62. The contact lens of Claim 55 wherein said polymerization

pfoduct is a hydrogel.

- 51 -
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rapfdly damaged when it comes into contact with artificial — The
deSI }gn of a synthetic surface which is antithronbogenic and nonhem)l ytic

-@Iood is necessary for . prostheses and devices used with B Has Been R

The follow ng exanples furt her illustrate the present inventi l I’”HII’ ’Iﬁ’l

22 _ ;
1

; ' FLUOROSILICONE HYDROGELS

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates'to novel polymeric
compositions and more particularly to contact lenses made
therefrom. ihe invention further particularly relates to
polysiloxane-containing monomers having at least one polar
fluorinated side chain. The monomers described herein can be
used to make "hard" or "soft" contact lenses, intraocular
implants, as well as other prostheses, and more particularly

"soft" hydrogel contact lenses.

Backgroung

In the field of contact 1ensés, various factors must
combine to yield a material that has appropriate.
characteristigs. Oxygen permeability, wettability, material
strength and stability are but a few of the factors which must
be carefully balanbed to achieve a useable contact lens.

: Since the cornea receives its oxygen supply exclusivély from
contact with the atmosphere, good oxygen permeability is a
critical characteristic for any contact lens material.

Wettability also is important in that, if the lens is not

REPLACEMENT SHEETS .
B Description : page

Claim(s) :paged paIs:
g/Drawing{s) paged ... to paged 7.,

Abstract  : paged L2 to paged =
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or 4 filnms. Mre particularly, the present invention concerns contact

| enses. The present invention further provides articles of
manyf act ure which can be used for bionedical devices, such as, surgical
devi ces, heart val ves, vessel substitutes, intrauterine devices, nenbranes

and other filns, diaphragns, surgical inplants, blood vessels, artificial
ureters, artificial breast tissue and nepbranes intended to cone into
contact with body fluid outside of the body, e.g., nenbranes for kidne

di al ysi s an¢ufgdcdientdy wathahde, ol daes mote remginhavbricakedtanduards,

denture liners, intraocul ar devices, .
therefore cannot be worn comfortably in the eye. The optimum

contact lens would therefore, have both excellent oxygen

permeability, and excellent tear fluid wettability.

Polysiloxane materials are useful materials for makihg
contact lenses due to, among othef properties, their excellent
oxygen permeability. See U.S. Patent Nos. 4,153,641 and
4,189,546. However polysilpxénes are generally hydrophobic.
Certain hydrophilic functional groups may be attached to
polysiloxane-containing monomers, or prepolymers to inmprove
their wettability. See U.S. Patent Nos. 4,260,725 and
4,259,467. However, many hydrophilic comonomers'are known to
be incompatible with the polysiloxane monomers in the monomer
nix, and require the presence of solubilizers and
compatibilizers for the monomer mix properly polymerize.
Without such compatibilizers, the copolymer may not polymerize
at all, risking varying degrees of phase separation which

renders the polymerized material opaque.

In addition to oxygen permeability, wettability and
compatibility regquirements, contact lens materials must resist
deposits. Some polysiloxane materials tend to accumulate
deposits. Fluorinating certain polysiloxanes monomers is
known to improve deposit resistance. See, for example U.S.
Patent Nos. 4,440,918, 4,990,882, 4,984,887, 8,075,319 and

-5,010,141.



and ®speci ally contact |enses. It is known that blood, for exanple,
Is readily and rapidly damaged when it cones into contact with artificial
surfaces. The design of a synthetic surface which is antithronbogenic and
nonhenmol ytic to blood is necessary for prostheses and devices used with

bl ood. The foll ow ng exanples serve only to further illustrate
aspects of the present invention and should not be construed as |limting

the invention.
3

Fluorinated polysilcx;nes with useful properties for non-
hydrogel contact lenses are disclosed in U.S. Patent Nos.
4,810,764 and 5,142,009. In further experimentation with
these materials, it was determined that a hydrogel having the
oxygen'permeability advantages imparted by thé siloxane group,
and the lipid fesistance imparted by the fluorinated groups
would be particularly advantageous. However, because the
fluorinated polysiloxane monomers are difficult to solubilize

in the hydrophilic monomers used, it is difficult to make
viable hydrogel formulations for contact lenses using this
approach. ‘If comonomers are not sufficientiy soluble in one
another, phase separation will cccur rendering the polymerized
material opague. Such a result 'is not desirable for a

nmaterial which must be transparent, such as a contact lens.

Compatibilizers or solubilizers such as methyl ethyl

"ketone (MEK) have been used to get certain fluorinated
siloxane-containing monomers into solution to form films or
lenses. However, such sclubilizers and compatibilizers often
affect purity and must be extracted from the resulting
polymer. sﬁch gxtraction requires additional processing
steps. Further, if there is a large difference in polarity

' between the siloxane-containing monomer and the hydrophilic
monomer, even the presence of sPIubilizers such as MEK will

not keep the comonomers in solution.



23 EXAMPLE 1 Preparati on of

al I yl oxyoct af | uor onent ane To a three-neck round bottom fl ask equi pped
withza - mechanical stirrer and thermoneter is added allyl bromde (16.9 g,
0.14 nole), octafluoro-I|-pentanol (27.2 g, 0.1 nole), tetrabutylamonium
hydrogen sulfate (1.7 g, 0.005 nole), 10 ms of 50% sodi um hydroxi de and
125 m's. of tetrahydrofuran. ' 4 :

Therefore, a hydfolytically stable.polymeric system
comprising the benefits of polysiloxane-containing monomers
for oxygen permeability and material strength; and fluorinated
side-groups for resistance Qithoﬁt use of compatibilizers or
solubilizers would be of great édvantage for a hydrogel

formulation.

SUMMARY OF THE INVENTION

It haé now béen discovered that the compatibility and
solubility of fluorinated polysiloxanes in hydrophilic
comonomers can be greatly improved by attaching to a siloxane
group in a polysiloxane-containing monorer, a polar
fluorinated graft or side group having a hydrogen atom
attached to a terminal difluoro-substituted carbon atom. When
this hydrogen atom ié present on the terminal difluorinated

- carbon atom, the fluorinated polysiloxane is rendered solublé
in hydrophilic comonomers to such an extent that no additional
compatibilizing or solubilizing agents are needed. When the
terminal hydrogen atom is replaced with a fluoro group, the
solubility is drastically affected such that the hydrophilic
comonomers are insoluble in the fully fluorinated siloxane-

containing monomer.



The teaction shown bel ow is conplete follow ng six hours et -
degrees C) as determned by GC. The resultant solution is shed t wo tlnes

with distilled water. The product |ayer is collected and d laced
degrees C/30nm to give 31 grans (70% vyield of aIIonxyoct I ﬂ'

H(CFlerr])[err]-CHerr]- + Br-CH err]-CH=CH er'r]
PTC (TBAH 50% NaCH) Heg (CFlerr]) z-CHerr]- OCH[err
CH=CH[ er r]

DETAILED DESCRIPTION OF THE INVENTION

. The fluorinated polysiloxane-containing moﬁomers
disclosed herein surﬁrisingly display outstanding
compatibility by being highly soluble in various hydrophilic
éompounds, such as N-vinyl pyrrolidone (NVP) and N,N-dimethyl
acrylamide (DMA), without the need for additional

compatibilizers or solubilizers.

As used hefein, the term “side group" refers to any chain
branching from a siloxane group, and may be a side chain when
the siloxane is in the backbone of the polymeric structure.
When the siloxane group is not in the backbone, the
fluorinated strand or chain which branches out from the
siloxane group becomes a side chain off of the siloxane side

chain.

The "terminal" carbon atom refers to the carbon atom
located at a position furthest from the siloxane group to

which the fluorinated strand, of side group is attached.

It was discovered and is disclosed herein that .when the
polar fluorinated group, -(CF3)zH, is placed at the end of a
side group attached to a siloxane-containing monomer, the
entire siloxane monomer to which the side group is attached is
réndered highly soluble in hydrophilic monomers, such as NVP.

When the hydrogen atom in the terminal fluorinated carbon atom

THIS SHEET Has BEEN
REPLACED



Wien'z is 4 and 6, allyl oxyoctafl uoropentane and

al | yl oxydodecaf | uor opent ane si de chains are produced respec H%B&mR eplaced
24 - EXAMPLE 2 Preparation of a DP
met hacryl ate end-capped poly 75 nole % di met hyl sil oxane-co-2

met hyl sil oxane hydri de prepol yner
6

is replaced with a fluoro group, the siloxane-containing
monomer is significantly less soluble, or not soluble at all

in the hydrophilic monomer present.

In one embodiment of the present invention, fluorinated
siloxane-~containing monomers are disclosed having at least one
fluorinated side group, said side group having the general
schematic representation (I):

I.
-D-(CF2)2H

wherein
z is 1 to 20; and

D is an alkyl or alkylene group having 21 io 10 carbon
atoms and which may have ether linkages between carbon

atoms.

In a further embodiment, the fluorinated siloxane-
containing monomers have at least one fluorinated side group
and have a moiety of the following general schematic

representation (II):

CH3 CHs
—0=8i1Tlv-[0-811v~—
{ '1]x [0-S1ly
II. . CHj D
' (CF3) z~H

wherein:
D is an alkyl or alkylene group having 1 to 10 carbon
atoms and which may have ether linkages between carbon atoms;
X is > 0;
y is > 1:

THIS SHEET HAS BEEN
REPLACED




To a 1000 m round bottom flask under dry nitrogen is added
oct anet hyl cycl otetrasil oxane (371.9 g, 1.25 nole), ThsﬁmafhsanRel
tetranmet hyl cycl otetrasil oxane (100.4 g, 0.42 nole) and 1-3,

bi s-'met hacryl oyl butyl t et ramet hyl di si | oxane (27.7 g, 0.7 nole). uﬂluu ”
Trifluoronmethane sulfonic acid (0.25%, 1.25 g) is added as |n| I'a

reaction mxture is stirred overnight at rpom tenperature. Ten (10) grans
of sodiun1bicarboeahe)i&=uhem 1000¢danad the reaction mxture is again
stirred overnight. res;ltant solution is then filtered and pl aced

under high vacuuﬁzﬁ. tﬁb rées Cto renove the unreacted cyclic
conpounds. The nononer structure is confirmed by [err] H NVR spectroscopy.

More preferred are the fluorinated siloxane-containing

monomers having the following general schematic representation

(III):
R R3 R R1
III. A-R~- ?i - [0-8i)y - [0-?1]1; - O-?i - R =A
]
Ro Ra Rsg Ro
wherein:

R is an alkyl or alkylene group having 1 to 10 carbon
atoms and which may have ether linkages between carbon atoms;
Ry~Rs may independently be a monovalent hydrocarbon
radical or a halogen substituted monovalept hydrocarbon
radical having 1 to 18 carbon atoms which may-have ether

linkages between carbon atonms;
XJ.S__OI
y is > 1;

X+ y=2 to'1000: and
z is 1 to 20; and
Rg is a fluorinated side chain having the general
schematic representation:
- D - (CFp)y ~ H
wherein z is 1 to 20; _
D is an alkyl or alkylene group having 1 to 10 carbon
. atoms and which may have ether linkages between carbon atoms;

and

THIS SHEET HAS BEEN
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EXAVPLE 3 Preparation of a DP 100 net hacryl ate end-capped poly 75 nol e%
di nmet hyl si | oxane-co-poly 25 nol e% net hyl octfl uoropentyl oxypropyl siloxane
monogrer- ( Cct a- 25) To a 500m round bottom flask equi pped with a-
magnetic stirrer and water condenser, is added 15 g.(0.002 nole) of the
silicone hydride nononer (as prepared in Exanple 1 2), 27.2 g.(0.1 nole)
of allyl oxyoctafl uoropentane (from exanple 2), 2.5 nmls of

t et ramet hyl di si | oxane pl ati num conpl ex 8

A is an activated unsaturated group, such as an ester or
amide of an acrylic or a methacrylic acid or is-a group

represented by the general formula:

cn2=cnogy-
wherein

Y is «0~, =8~ or ~NH-;

Preferably, the fluorinated side group is represented by

the formula:

~CH5~CHy~CH5=0-CHa~ (CF3) z=H
where '

z is 1 to 20.

One preferred fluorinated siloxane-containing monomer, is

prepared according to the following reaction scheme:

CH3 + CH3  CHj CH3 GHs : CH3
L L] o L) '
CH2=C-E-O—(CH2)4“%1-(O-%l)x-(O-Sl)y—o—%1~(CH2)4—0-E-C=CH2
t
o) CH3 CH3 H CH3 (&)
(Pt complex) + H- (CF2) 2~CH,-0-CH,~CH=CH,
?H3 CIH3 C‘lH3 ' C.H3 CIH3 CH3
' . . . }
CH2=C—F-0—(CH2)4—53—(0—51)x—(o-gg)y-o—sﬁ~(CH2)4-o-ﬁ-c=CH2
) : . :
o CHa CHj3 CH, CH+ o]
t
CH»

1
H- (CF5) 5~CHy~0-CHy



25 (Huels- 3% Pt in xylene) and 150 nmls of anhydrous tetrahydrofuran(THE)

and 75 nml s di oxane under dry nitrogen. The reaction m xture as.shown bel ow
is heated to 75 degrees C and the reaction is nonitored by | placed
for Toss of silicone hydride. Wen the silicone hydride is re I Im

hours), the reaction m xture is cool ed and _the unreacted
al | yl oxyoct af | uor opentane i s renoved by heating t he product wunder high

vacuum at SO0gufdegs eesi L 1@ PHefPUo; The monomer
X + y is 100; and

zZ is 4 or 6

In still a further embodiment of the present invention,
the fluorinated siloxane-containing monomers are fluorinated
bulky polysiloxanylalkyl (meth)acrylate monomers represented

by the general schematic representation:

Rg
1 .

A-R-s‘i- [0-Si-D-(CF2)4-H]x
g

o ‘Rg
!
g-Si-R
l .
R6 Yy

wherein

A is an activated unsaturated group, such as an ester or
anide of an acrylic or a methacrylic acid;

Rg is CH3 or H;

R is an alkyl or alkylene group having 1 to 10 carbon
atoms and which may have ether linkages between carbon atoms;

D is an alkyl or alkylene group having i to 10 carbon
atoms and which may have ether linkages between carbon atoms;

x is 1, 2 or 3; '

y is 0, 1, or 2; and

X +y = 3.

Also preferred are the fluorinated bulky

polysiloxaﬁylalkyl monomers of the following formula:

THIS SHEET HAS BEEN
REPLACED




structure is confirmed by [err] H NVR spectroscopy. [err]
—

E ' This Sheet Has B
CHa

[TTT.

CH2=C~C (0) ~0~ (R7) 3~Si~[0~5i (CH3) 2~ (R7) 3-0~CHy~ (CF3) 4~H]y
l

. [0-Si-(CH3) 1)y

10

wherein
Ry is CHy:; and
x is 1, 2 or 3;
y is 0, 1 or 2; and

x + y = 3.

The fluorinated polysiloxane~containing monomers of the
present inventioﬁ combine the desirable features of kxnown
hydrophilic side chain polysiloxanes, such as relative
compatibility with-hydrophilic nmononers, with improved deposit
resistance from the fluorinated group. Desired properties of"
the lenses may be affected and controlled. For example, by
altering the rélative ratio of the comonomers (fhe
aforementioned fluorinated polysiloxane monomer to the

- hydrophilic monomer or monomers), certain hydrogel
characteristics in the polymerized fluorinated polysiloxane

copolymer may be altered.

The relative softness or hardness of the bontaét lenses
fabricated %rom the resulting polymers of this invention can
be varied by decreasing or increasing the molecular weight of
the polysiloxane monomer end-capped with the activated

unsaturated group -or by varying the percent of the comonomers

THIS SHEET HAS BEEN [ -
REPLACED

skl

A



where y is 10, 25 and 40; X'+ vy is 100; and z isZand 6
26 EXAMPLE 4 Preparation of a

met hacryl oyl propyl tris(dimethylsiloxy)silane To a t [epeet tias Be ed
bottom fl-ask equi-pped with a thernoneter and nmagnetic sti r{m,ﬂmm
ne

met hacryl oyl propyltrichlorosilane (2.5 g, 0.01 nole), dine
(6.53 g, 0.069 nole), triethylamne (7.69;

present. Generally, as the ratio of polysiloxane units to
end~cap units increases, the softness of the material

increases.

The present invention contemplates the use of the
fluorinated polysiloxéne monomer for both "hard” and “soft"
contact lenses, the disclosed formulations are thought to be
especially useful as "soft" hydrogel contact lenses. A lens
is considered to be "soft" if it can be folded back upon

itself without breaking.

A hydrogel is a hydrated cross-linked polymeric system
that contains water in an equilibrium state. Silicone
hydrogels (i.e., hydrogels containing silicone) are usually
prepared by polymerizing a mixture containing at least one
silicone-containing monomer and at least one hydrophilic
monomer. Either the silicone-containing monomer or the
hydrophilic monomer may function as a crosslinking agent (a
crosslihker), being defined as a monoﬁer having multiple
folymerizable functionalities. Altefnatively} an additional

crosslinker may be employed.

When the term “activated" is used with the term
*unsaturated group" herein, it is meant that an unsaturated
group which is activated is one which has a substituent which
facilitates free radical polymerization. These activated

" unsaturated g;éups are polymerized to form the polymers of the

THIS SHEET HAS BEEN
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g, 0’076 nole) and 25 m s of anhydrous diethylether. The reaction m xture
is cooled to -15 degrees C and distilled water (5 g, 0.28 nole) is slowy
added. The reaction is allowed to cone to roomtenperature slowy and the
reaction is stirred overnight. The resultant solution is washed three
times with distilled water. The ether layer is collected, dried over
magnesi um sul fate, filtered and the diethyfether is renoved using a

r ot oevapor at oi I S
Gl Fo i BEestht ARTHLABL.C. bredelBhty ndlerislptin Gydipl oot
met hacryl oyl ghepgklveksto( folphlyicht ¥bRXMdd? Ai@d conditions, such as,

ambient temperatures.

When the term “polymerization" is used herein we refer to
the polymerization of the double bonds of the polysiloxanes
endcapped with polymerizable unsaturated groups which resulfs

in a crosslinked three dimensional network.

Further, notations such as ¥ (meth)acrylate" or
“(meth)acrylamide" are used herein to denote optional methyl
substitution. Thus, for example, (meth)acrylate includes both
acrylate and methacrylate and N-alkyl (meth)acrylamide includes
both N-alkyl acrylamide and N-alkyl methacrylamide.

The term “prepolymer" denotes a monomer which may be a
high molecular weight mononmer containing at least t&o
polymerizable groups. The monomers added to the monomeric
mixture of the present invention may be monomers or
prepolymers. Thus, it is understood that the terms "silicone-
containing monomers" and "hydrophilic mohomers" include
corresponding prepolymers. Examples of such monomers can be
found in U.S. Patent Nos. 4,136,250; 4,153,641; 4,740,533;

5,034,461 and 5,070,215.

The terms “shaped articles for use in biomedical

applications® or "biomedical devices or materials" mean the



EXANPLE 5 Preparation of a methacryl oyl propyl tris(octafl uoropentyl oxy-
propyl di net hyl si | yl oxy) sil ane To a 200 M round bottom flask is
added nethacryl oyl propyl tris (dinethylsilyloxy) silane (5.0 g,0.013

mol €)., allyl oxyoctafl uoropentane (21.4 g, 0.079 nole), 0.005 m of a

pl ati num di vi nyl conplex (Huels) and 50 m s of tetrahydrofuran. The
solution is refluxed for one hour at 13

hydrogel materials disclosed herein have physicochenmical
properties rendering them suitable for prolonged contact with

living tissue, blood and the mucous membranes.

The monomers of the present invention can be used to
produce hiéhly wettable hydrogels with ideal rigidity, oxygen
permeability and other physical properties. Such silicone-
containing hydrogels are well-suited for use as biomedical

devices such as contact lenses.

Certain crosslinked polymeric materials, such as those
contemplated by the present invention, may be polymerized to
férm a hard water-free Xerogel. Xerogels are understood to be
unhydrated hydrogel formulations which may be physically
altered to, for example, impart optical properties through
machining, and then be hydrated and retain their water content

and optical properties.

Preferred acrylic-capped polysiloxane monomers of the
present invention are those'having from about 1 to about 200
repeating siloxy units, and most preferably have about 100

repeating siloxy units.

The fluorinated bulky polysiloxanylalkyl {(meth)acrylate-
containing monomers of the present invention are excellent
materials for use &ith both "hard" and "“soft" systems which

may or may not be hydrogels. The preferred bulky



27 which time the silicone hydride is reacted as shown by [err]H—NNR
spectroscopy. The tetrahydrofuran and unreacted aIIonxyocﬂhmsmkumﬁB ﬁﬁa

i s:removed using a rotoevaporator (50 degrees C at 30nn) re
quantitative yield of nethacryl oyl propyl tris
(oct af | uor opent yl oxypr opyl di met hyl si | yl oxy) si | ane.

14

polysiloxanylalkyl (meth)acrylate containing monomers are, for

example, methacryloxypropyl tris(octafluoropentyl—
oxypropyldimethylsiloxy)silanes.

The preferred fluorinated side groups are the alkyl
fluorinated side chﬁins, such as -the
propyloxyoctafluoropentanes, the propyloxytetrafluoropropanes
and the propyloxydodecaheptanes, with the propyloxy

octafluoropentanes being the most preferred.

The present invention contemplates, in one.ﬁreferred
embodiment, polymerizing, in a monomer mix, more than one type
.of polysiloxane monomer, one of which has at least one polar
fluorinated siloxane-containing monomer, with at least two

hydrophilic monomers to produce a contact lens material.

Additional hydrophilic monomers may be incorporated into
the polymeric compositions contemplated by the present
invention to form hydrogels. Such preferred hydrophilic
monomers may be either acrylic- or vinyl-containing and may be
used as crosslinking agents. The term "vinyl-type" or “vinyl;
containing” monomers refers to non-acrylic monomers containing,.
the vinyl grouping (CH=CH). Such hydrophilic vinyl-
containing monomers are known to polymerize relatively easily.
nacrylic-type" or "acrylic-containing” monomers are those
monomers containing the acrylic group (CH2=CREX) wherein R is

H or CH3, and X is O or NH. o

THIS SHEET HAS BEEN
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EXAMPLE 6 Physi cal Properties of Films Cast from 25 mole % octaf | uoro.
(octa-25) wth dinethacryl am de (DVA) Al of the filns cast for
physi cal and mechanical property evaluation were prepared using the
foll'owing procedure. The filnms were cast between silanized gl ass plates
using a Teflon gasket. The WV initiator was Darocur 1173 (0.5%
concentration). The cure conditions consisted of irradiating the filnms for
two hours with U V. lanps at an intensitysof 3700 uWcenferr]. Follow ng
the cure, the films were extracted in 2-propanol overnight at room
t enper at ur e ( 300%Prefpamedohydraophatiatvirydmcostpéningr mohometrsowiixh snaynd
boi | ed ' . : ’
be incorporated into the hydrogels of the present invention
include monomers such as N-vinyl lactams (e.g. N-vinyl
pyrrolidone (NVP)), N-vinyl-N-methyl acetamide, N-vinyl-N-
ethyl acetamide, N-vinyl-N-ethyl formamide, N-vinyl formamide,

with NVP being the most preferred.

Preferred hydrophilic acrylic-containing monomers which
may be incorporateé into the hydrogel of the present invention
include hydrophilic monomers such as N,N-dimethyl acrylamide
(DMA), 2-hydrox§ethyl methacrylate, glycerol methacrylate, 2~
hydroxyethyl methacrylamide, methacrylic acid and acrylic
acid, with DMA being the most preferred.

The relative ratio (wt. &) of siloxﬁne-containing monomer
to total wt. % of comonomer mix is preferably from about 10%
to about 85%, more preferabiy from about 20% to ébout 70%, and
most preferably from about 25% to about 40%. The relativé
ratio (wt. %) of hydrophilic monomer(s) to total wt. £ of the
comonoﬁer mix is preferably from about 20% to about 90%, more
preferably from about 30% to about 80%, and most preferably

from about 50% to about 60%.

The preferred silicone-containing vinyl carbonate or
vinyl carbamate monomers include: 1,3-bis[4-

vinyloxycarbonyloxy)but-l—yl]tetfamethyl-disilbxane; 3-



for two hours in buffered saline. The filns were eval uat ed—for—nechantcal
properties, O[err] perneability and hydrolytic stability.qyl ﬁﬂpy rol yiic
stability test consisted of heating the test sanples at 80
buffered saline and nonitoring the weight loss at 3, .5 an w ,lﬁl,
28 Table 1 shows the extractable, water content, O[err

and nechani cal data for films cast fromt{e DP100
(trimethylsilyl)propyl vinyl carbonatq:'s—
(vinyloxycarbonyltﬁio)propyl—[tris(trimethyisiquy)silane]: 3~
[tris(trimethylsiloky)silyl] propyl vinyl carbamate; 3- .
(tris(trimethylsiloxy)silyl] propyl allyl carbamate; 3-
[tris(trimethylsiloxy)silyl]propyl vipyl carbonate; t-
butyldimethylsiloxyethyl vinyl carbonate; trimethylsilylethyl
vinyl carbonate; trimethylsilylmethyl vinyl carbonate; and

"VoDo5" as shown in the following formula:

C‘H3 CH3 CHj

. 1 |

CH=CH-0CO~- (CHz) 4-Si=~0——S5i=0 Si-(CHy) 4~0CO-CH=CH,
\ | | 1 il
o CH3 X CH3 o

|
(CF2)z-H 25

wherein

X is an alkyl or alkylene group having 1 to 10 carbon
atoms and which may have ether linkages between carbon atoms:;
and |

z is 1 to 20.

When it is desirable for both an acrylic-containing
hydrophilic monomer and a vinyl-containing hydrophilic monomer
to be incorporated into the silicone-containing polymer oflthe
present invention, a further crosslinking agent having both a
vinyl and an acrylic polymerizable group may be used, since
these vinyl and acrylic hydrophilic monomers have different
reactivity ratios-and copolymerize at vastly different rates

or will not copolymerize at all. Such crosslinkers, such as

REPLACED
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met hacryl at e end-capped 25 nole % octafluoro (octa-25) with

di met hyl acryl am de (DMA). No co-sol vent was needed to solubilize the
conponents. The filnms were transparent.

Tabl e 1 Extractable, Water Content, Oxygen Perneability and Mechani cal
Data.for Cctafluoro Sil oxane/ DVA Based Fornul ations M x %EXtract.
Water DK Mdulus 9%l ong. Tensile Tear45100/0 11. 97 0. 00 530

i 15 B6rppctRionstndy iR cadehes qubulVe) dRE 0L, P
;,(5)/ 52 12 8Q:etha3_§y§§y1e%§§l vggél carbam%Q:e ' whiéH facllf’té—tg ity 5. 78
. copolymerizatlon of the comonomers and are the subject of
presently co-pending and commonly assigned U.S. Patent
aApplication No. 07/922,452 filed July 30, 19%2. Such
.crogslinkers are represented by the following schematic

representation:

wherein

V. denotes a vinyl-containing group having the formula:

Ri3z Rig
\ yan
Cc=C
s N
R12 X~-C~-Y~
i
o ;

A’ denotes an acrylic-containing group having the

formula:
Rys Ri6
N /7
C=C
-Z~C Ry7

]l



EXANPLE 7 Conparative Exanple - Inproved Solubility of the 25 nole %
octafluoro (octa-25) with Hydrophilic Mnoners Conpared with Sil oxanes Not
Havi ng .t he -CF[err]-H Term nal G oup Formul ati ons were prepared
form 70 parts of a DP 100 nethacryl ate end-capped pol ydi net hyl si | oxane
with 30 parts of DMA. The formul ati on gave a phase separated m xture. The
pol ydi met hyl si | oxane and DVA were inconpatible. No attenpt to cast filns
fromthis mxture was made. In addition, g8 utions were prepared froma DP
100 nethacryl ate egdaendLed aPotyrbineiduHtaiingxgnere6apt RAVEIAG e "EhEmila
nonafl uoro side chain, (i.e. the termnal -CF2-H bond was replaced with a
termnal fully fluorinated -CF[ erRjg grou®pg, W th 30 parts-of DVA.

N/

c=C .

7 \
Rop Q- ;

wherein

Rjj is an alkyl radical derived from substituted and
unsubstitﬁted-hydrocarbons, polyalkylene oxide,
poly (perfluoro) alkylene oxide, dialkyl-capped
polydimethylsiloxane, dialkyl-capped polydimethylsiloxane
modified with fluoroalkyl or fluoroether groups:

Ryi5-Rpp are independently H, or alkyl of 1 to 5 carbon
atoms:; |

Q is an organic group containing aromatic moieties having

6-30 carbon atonms:

X, Y, and Z are independently O, NH or S;

v is 1, or higher; and

a, s are independently greater than or egual to 0, and

a + s is greater than or equal to 1.

Such crosslinkers help to render the reéulting copolymer
totally Uv-curable. Howevef, the copolymer could also be
cured solely by heating, or with a combined UV and heat
regimen. Therefore; it is understood that the necessary photo
and thermal initiators reguired to cure the copolymer may be
comprised therein as would be apparent to those skilled in the

art.



29 A phase separated m xture resulted. The DVA and pol ysil oxane were
i nconpatible. No attenpt was nmade to cast films.from this m xture.
EXAMPLE 8

19
Other crosslinking agents which may be incorporated into

the silicone-containing hydrogel of the present invention
include polyvinyl, typically di- or tri-vinyl.mpnomers,.most
commonly the di- or tri(meth)acrylates of dihydric ethylene
glycol, triethylene glycol, butylene glycol, hexane-1l,6-~diol,
thio~diethylene glycol-diacrylate and methacrylate; neopentyl-
glycol diacrylate; trimethylolpropane triacrylate and the
like; N,N’~-dihydroxyethylene-bisacrylamide and -
bismethacrylamides; also'diallyl compounds like diallyl
phthalate and triallyl cyanurate; divinylbenzene: ethylene
glycol divinyl ether; and the (meth)acrylate esters of polyols
such as triethanolamine, glycerol, pentanerythritol, butylene
glycol, m;nnitol, and sorbitol. Fﬁrther,'illustratioﬁs
include N,N-ﬁeth&lene-bis-(meth)acrylamide, sulfonated
divinylbenzene, and divinylsulfone. Also useful are the
reaction products of hydroxyalkyl (meth)acrylates with
unsaturated isocyanates, for example the reaction product of
2-hydroxyethyl methacrylate with 2-isocyanatoethyl

methacrylate (IEM) as disclosed in U.S. Patent No. 4,954,587.

Other known crosslinking agents are polyether-
bisurethane—dimethacrylates as described in U.S. Patent No.
4,192,827, and those crosslinkers obtained by reaction of
polyethylene glycol, polypropylene glycol and
polytetramethylene glycol with 2-isocyanatoethyl methacrylate
(IEM) or mfisopropehyl- X,Y,-dimethylbenzyl isocyanates (m-

TMI), and polysiloxane-bisurethane-dimethacrylates as



FiIleata - Fl uorosi | oxane/ DMA VDMO Table 2 shows the extractable,
wat er content, O[err] perneability and nmechanical propertyTbaﬁhwﬂﬁsB&ml
prepared fromthe DP100 nethacryl ate end-capped 25 nole % I", "l lE",

oct af | uorosi l oxane with DVA and vi nyl di net hyl oxazol i di none

hydrophilic nononers. All of the filnms prepared were transpare nt .

Table 2 25 nole @6Cbtaf|uor05|onane/DMy\ﬂmm)Fornulatlon Properties

M x %Extr t.efr d Iu %Elon sil 70/ 30

5 8 %escjz_‘& ed igou%'\@ gen Nos. 447%86 ;9 “an 76/’%%;17126 4Still 33
132 156 othe3dknown c%Essllnkgng agents are the reactlon products of

polyvinyl alcohol, ethoxylated polyvinyl alcohol or of
‘polyvinyl -alcohol-co~ethylene with 0.1 to 10 mol %'vinyl

isocyanates like IEM or m-TMI.

The instant copolymers can be readily cured to cast
shapes by conventional methods such as UV polymerization, use
of free radical thermal initiators or heat, or combinations
thereof, as commonly used in polymerizing ethylenically .
unsaturated compounds. Representative free radical thermal
polymerization initiators are organic peroxides, such as
acetal peroxide, lauroyl peroxide, decanoyl peroxide, stearoyl
peroxide, benzoyl peroxide tertiarybutyl peroxypivalate,

' peroxydicarbonate, and the like, employed in a concentration
of about 0.01 to 1 percent by weight of the total monomer
mixture. Representative UV initiators are those known in the
field such as, benzoin methyl ether, benzoin ethyl ether,
Darocure 1173, 1164, 2273, 1116, 2959, 3331 (EM Industries)

and Igracure 651 and 184 (Ciba-Geigy).

. In addition to the above-mentioned polymerization
initiators and crosslinking agents, the monomeric mix and
resulting copolymer of the present inyention may also include
additional materials such as colorants, toughening agents, UV-
absorbing agents and other materials such as those known in

the contact lens art.

THIS SHEET HAS BEEN
REPLACED




70/30/3 5.9 37 102 106 36 22 ——2.5 _70/30/5
5.0 42 66 103 50 30 2.6

EXANPLE 9 FilmData - Fluorosil oxane/ TRI'S/ DVAV NVP Na[etlasBeen Beplaced
show t he extractable, water content, O[err] perneabiILtyJ

property data for filns cast from the 25 nmole % octafl uo . h
nmet hacryl oxy propyl
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The résulting polymers of this invention can be formed.
into contact lenses by the spincasting processes such as those.
disclosed in U.S. Pat. Nos. 3,408,429.and 3,496,254 and other
conventional methods, such as compression molding as disclosed

in U.S. Pat. Nos. 4,084,459 and 4,197,266.

Polymerization may be conducted either in a spinning
mold, or a stationary mold corresponding to a desired contact
lens shape. The thus-obtained contact lens may be further |
subjected to a mechanical finishing, as occasion demands.
Also, the polymerization may be conducted in an appropriate
mold or vessel to give a lens material in the form of button,
plate ér rod, which may then be processed (e.gq., cut'or
§olished via lathe or laser) to give a contact lens having a

desired shape.

The hydrogels produced by the present invention are
oxygen transporting, hydrolytically stéble, biologically
inert, and transparent. The monomers and coﬁolymers émployed_
in accordance with this invention, are readily polymerized to
forn three dimensional networks which pérmit the transport 6f

oxygen and are optically clear, strong and hydrophilic.

The present invention provides materials which can be
-usefully employed for the fabrication of prostheses such as

heart valves and intraocular lenses, as optical contact lenses



30-tris(trinethylsiony)silane (TRIS), DVA and N vinyl pyrrotidifone—

(NVP) . Tabl e .3 25 ol g, -
Oct-af | uor osi | oxane/ TRI' S/ DM NVP For nul at i on ﬁméheetHaSBeenRe laced
Properties M x %MNat er DK Modul us U"w”mgm”,” ,I
80/ 0/ 20/ 0 17 186 - 155 1.8 8 1l

17 212 170 2.4 80/0/10/10 15 183
195 1.9 80/0/5/15 ‘16 22 186 190

2.0 70/ 0/ 30/ 0r as fikfls. More pdffiicularly, tBe present invehtlio#0/ 0/ 20/ 10

25 : 112 217 3.5 70/0/10/ 20 27 130
212 " congegns contact lenses. .

The present invention further prbvides-articles of
manufacﬁure which can be used for biomedical devices, such as,
surgical devices, heart valves, vessel substitutes,
intrauterine devices, membranes and other'fiims,'diaphragms,
surgical implants, blood vessels, artificial ureters,
artificial breast tissue and membranes intended to come into
contact with body fluid outside of the body, e.g., membranes
for kidney dialysis and heart/lung machines and the like,
catheters, mouth guards, denture liners, intraocular devices,

and especially contact lenses.

It is known that blood, for example, is readily and
rapidly damaged when it comes into contact with artificial
surfaces. The design of a synthetic surface which is
antithrombogenic and nonhemolytic to blood is necessary for

prostheses and devices used with blood.

The following examples serve only to further illustrate
aspects of the present invention and should not be construed

as limiting the invention.

THIS SHEET HAS BEEN
REPLACED




75/ 0/ 5/ 25 24 160 179 1.4 40/ 10/10/ 40

52 52 71 2.3
Tabl e 4 25 nol e % Cct af | uor osi | oxane/ TRI S/ DMA/ NVP/ EGDVA For nul at i on
Properties M x Water DK ~ Modul us Tear
50/ 0/ 10/ 40/ 0. 2 41 65 171 2.4
40/ 10/ 10/ 40/ 0. 2 46 63 23 83 2.3
25/ 25/ 10/ 40/ 0. 2 51 81 32 . 4.5
10/ 40/ 10/ 40/ 0. 2 54 76 EXAMPLE2D 9.2 A
lyc

formul ations contain 20 parts hexanol. EGDMVA is ethyl-ene glycol
di net hacryl at e. :

Preparation of allvloxvoctafluoropentane
To a three-neck round bottom flask eguipped with a

mechanical stirrer and thermometer is added allyl bromide
(16.9 g, 0.14'mole), octafluoro-i-pentanocl (27.2 g, 0.1 mole);
tetrabutylammonium hydrogen sulfate (1.7 g, 0.005 mole), 10
mls of 50% sodium hydroxide and 125 mls. of tetrahydrofuran.
The reaction shown below is complete following six hours of
reflux'(7o degrees C) as determined by GC. The resuitant
solution is washed two times with distilled water. The
product layer is collected and distilled (68 degrees C/30mm)

to give 31 grams (70%) yield of allyloxyoctafluoropentane.
H- (CF3) z~CHp~CH + Br-CHy~CH=CH,
PTC (TBAH/ so§ NaOH)
H~- (CF3) z-CHy-0~CHy~CH=CH,
¥When z is 4 and 6, allylsxyoctafluoropentane and

allyloxydodecafluoropentane side chains are produced

respectively.



EXAVPLE 10 Film Data - Tris-Fluorosil oxane/ DVA Films were cast from
the octafluoro substituted tris nethacrylate (as prepared in Exanple 5)
using DVA as a : 32 CLAI Ms: 1. A
si | oxane-cont ai ni ng nononer having at |east one fluorinated side group and
havi ng t he general
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EXAMPLE 2

Preparation of a DP 100 methacrylate end-capped poly 75 mole §
dimethyl siloxane-co-25 mole $ methyl siloxane hvdride
prepolymer :

To a 1000 ml round bottom flask under dry nitrogen is
added octamethylcyclotetrasiloxaﬁe.(371.9 g, 1.25 mole),
tetramethylcyclotetrasiloxane (106.4 g, 0.42 mole) and 1-3,
bis-methacryloylbutyltetramethyldisiléxane {(27.7 g, 0.7 mole);
Trifluoromethane sulfonic acid (0.25% , 1.25 g) is added as
initiator. The reaction mixture is stirred overnight at room
temperature. Ten (10) grams of sodium bicarbonate is then
added and the reaction mixture is again stirred overnight.
The resultant solution is then fil£ered and placed under high
vacuum at 50 degrees C to remove the unreacted cyclic
compounds. The monomer structure is confirmed by 1p-NMR

spectroscopy.

EXAMPLE 3

Preparation of a DP 100 methacrvlate end-capped poly 75 mole}
dimethylsiloxane-co-poly 25 mole% methyl '
octfluoropentyloxypropyl siloxane monomer (Octa=-25)

To a 500ml round bottom flask equipped with a- magnetic
' stirrer.and water condenser, is added 15 g (0.002 mole) of the
silicone hydride monomer (as prepared in Example 1
2), 27.2 g. (0.1 mole) of allyloxyoctafluoropentane (from

example 2),.2.5 mls of tetramethyldisiloxane platinum complex



schematic representation: [err] wher ei n: Ris
an al kyl ene group having 1 to 10 carbon atons and whi ch nmay have ether

| i nkages between car bon. at ons; Rlerr]-Rerr] may independently be
a nobnoval ent hydrocarbon radical or a hal ogen substituted nonoval ent
hydrocarbon radi cal having 1 to 18 carbon atons which may have et her

~ l'i nkages between carbon at ons; Ei's [err] O; y is [err]

. r l at ed S|de group
havi ng the ggner a? %errat [ cq%lﬁnee en at o6n} s 'o¥ %TMMWQ
(CF[err])[erfétraﬁ?drOfuran (THF) and 75 mls dioxane under dry nitrogen.

The reaction mixture as shown below is heated to 75 degrees C
and the reaction is monitored by IR spectrosﬁopy for loss of
silicone hydride. When the silicone hydride is removed (3-4
hours), the reaction mlxture is cooled and the unreacted
allyloxyoctafluoropentane is removed by heatlng the product
under high vacuum_at 50 degrees C for one hour. The monomer

structure is confirmed by lH-NMR spectroscopy.

CH3 CH3 CH3 CH3 CH3 CH3
cn2=c-ﬁ-o—(caz)4—53-(o-s§)x-(o-fi)y-o-sf-(cnz)4-o-ﬁ-c=caz
o CH3  CHj H CH3
+ H~(CF3) 2~CH2-0~CHy~CH=CH,
(Pt complex) ' (Hydrosilation Rx)
CH3 CH3  CHj CH3 CHg ) CH3
1
CH2=C-F-O-(CH2)4-§i—(O—%i)x-(O—S})y-O—%i-(CHZ)4-0—$-C=CH2-
|
0 CHj CH1y C‘HZ CHj o]
CHo

H-(crz)z-cnz-o-cxz-cn=éh2-
where y is 10, 25 and 40;
X + y is-100; and
z is 4 and 6



whérein z is 1 to 20; D is an al kylene group having 1 to |0 carbon
atons and whi ch may have et her |inkages between carbon atons; and

Ais an activated unsaturated group or is a group represented by the
general forml a: wherein [err] Yis -0-, -S&
or -NH.
26
EXAMPLE 4

Preparation of a methacryloylpropyl tris(dimethvlsiloxvisilane

To a three neck round bottom flask equipped with a
thermometer and magnetic stirrer is added
methacryloylpropyltrichlorosilane (2.5 g, 0.0l mole),
dimethylchlorosilané (6.53 g, 0.069 mole), triethylamine (7.69
g, 0.076 mole) and 25 mls of anhydrous diethylether. The
reaction mixture is cooled to ~15 degrees C and distilled
water (5 g, 0.28 mole) is sléwly added. The reaction is
allowed to come to room temperature slowly and the reaction is
stirred overnight. The resultant solution is washed three
times with distilled water. The ether layer is collected,
dried over magnesium sulfate, filtered and the dietﬁylether is
removed uging a rotoevaporator. The resultant oil is vacuun
distilled (83-93 degrees C/1lmm) to give a 51.4 % yield of
97.5% pure (as determined by GC) methacryloylpropyl tris

(dimethylsilyloxy)silane.

EXAMPLE 5

Preparation of a methacryloylpropyl tris(octafluoropentyloxv-
propyldimethylsilyloxy) silane .

To a 200 ml round bottom flask is added
methacryloylpropyl tris (dimethylsilyloxy) silane (5.0 g,0.013
mole),, allyloxyoctafluoropentane (21.4 g, 0.079 mole), 0.005
nml of a platinum divinyl complex (Huels) and 50 mls of

tetrahydrofuran. The solution is refluxed for one hour at



33 2. A fluorinated bul ky polysil oxanyl al kyl

(met h) acryl at e-cont ai ni ng nononer havi ng the general schenmatic
representation: [err] wher ei n
A is an activated unsaturated group; R6 is CH3 or H

R is an al kyl ene group having 1 to 10

27

which time the silicone hydride is reacted as shown by 1H-NMR
spectroscopy. The tetrahydrofuran and unreacted allyloxyocta
fluoropentane is removed using a rotgevaporator_(sq degrees C
at 30mm) resulting in a quantitative yield of
methacryloylpropyl t:is
(octafluoropentyloxypropyldimethylsilyloxy)silane.

EXAMPLE 6

Physical Properties of Films Cast from 25 mole § octafluoro
(octa-25) with dimethacrylamide (DMA)

All of the films cast for physical and mechanical
property evaluation were prepared using the following
procedure. The films were cast between silanized glass plates
using_a Teflon gasket. The UV initiator was Darocur 1173
(0.5% concentration). The cure conditions consisted of
irradiating the films for two hours with U.V. lamps at an
intensity of 3700 hW/cmz. Following the curé, the films were
extracted in_z-propanol overnight at room temperature (300%
expansion), dried at room temperature for two hours and boiled
for two hours in buffered saline. The films were evaluated
for mechanical properties, O, permeability and hydrolytic
stability. The hydrolytic stability test consigted of heatihg
the test samples at 80 deérees C in buffered saline and

monitoring the weight loss at 3, 5 and 7 days..



carbon atoms and which may have ether |inkages between carbon at ons;
D is an al kyl ene group having 1 to 10 carbon atons and whi ch may have et her

| i nkages between carbon .at ons; xis 1, 2 or 3; y is O,
1 or 2; and x +Y = 3. 3. The nononer of Caim1l or
Claim2 wherein said fluorinated side group conprises an al kyl oxyperfl uoro-
al kyl group.. 4. The nononer ??a|n13 wherein said fluorinated

ot opy L oxy et faff'ﬁ%é SRR, S 'p‘%%é%%% AL o 02 s

;‘gu;i : gxfg‘:}: esent 2 lb%;' {Hﬁ??&cﬁ&}u@%i" 8hta Wrﬁfhéa&’sé 'ﬂ%!’m' Rakefpsblle
methacrylate end~capped 25 mole % octafluoro .(octa-25) with
dinethylacrylamide (DMA). No co-solvent was needed to

solubilize the components. The. films were transparent.

Table 1
Extractable, Water Content, Oxygen Permeability and Mechanical
Data for Octafluoro Siloxane/DMA Based Formulations

Mix $Extract. $Water DK Modulus %Elong. Tensile Tear

100/0 11.97 0.00 530 85 40 18 1.5

90/10 8.57 6.39 397 lsgs 38 48 1.5

80/20 724 18.18 223 219 34 48 3.3

75/25 6.80 25.56 134 222 29 44 4.1

70/30 5.78 30.94 138 210 63 68 3.1
EXAMPLE 7

Comparative Exaniple - Improved Solubility of the 25 mole &

Octafluoro (octa-25) with drophilic Monomers Compared with
Siloxanes Not Having the =CF,-H Terminal Group

Formulations were prepared form 70 parts of a DP 100
methacrylate end-capped polydimethylsiloxane with 30 parts of
DMA. The formulation gave a phase separated ﬁixture. The
polydimethylsiloxane and DMA were incompatible. No attempt to_ﬂ
cast films from this mixture was made. In addition, sélutioné
were prepared from a DP 100 methacrylate end-capped
polydimethylsiloxane containing 25 mole % nonafluoro side

chain, (i.e. the terminal -CF,-H bond was replaced with ‘a

terminal fully fluorinated -CF3 group):, with 30 parts of DMA.



H
«

34 -CHerr]- CH[err] CH err]-0-CHerr]- (CF[err])[err]-
wherei n zis 1to 20. : The sil oxane-contai ni ng nononer
of any preceding claim wherein A |s an activated unsaturated group

sel ected fromthe esters and anides of acryllc and nethacryllc aci d.

A phase separated mixture resulted. The DMA and polysiloxane

were incompatible. No attempt was made to cast. films from

this mixture.

EXAMPLE 8
ilm_Data - luoros' oxane VDMO
Table 2 shows the extractable, water content, 0O,
permeability and mechanical property data for films prepared
from the DP100 methacrylate end-capped 25 mole %
octafluorosiloxane with DMA and vinyldimethyloxazolidinone

{VDMO) as the hydrophilic monomers. 2ll of the films prepared

were transparent.

Table 2
25 mole § Octafluorosiloxane/DMA/VDMO Formulation Properties

Mix $Extract. $Water DK Modulus %Elong. Tensile Tear

70/30 5.8 34 145 180 40 47 3.1
70/30/1 6.4 33 132 156 39 37 2.9
70/30/3 5.9 37 102 106 36 22 2.5
70/30/5 5.0 42 66 103 50 30 2.6
EXAMPLE 9
jlm Data - Fluorosiloxane/TRIS/DMA/NVP

Tables 3 and 4 shovw the extractable, water content, O
permeability and mechanical property data for films cast from

the 25 mole % octafluorosiloxane.with methacryloxy pfopyl



7. ° The si'l oxane-cont ai ni ng nononer of any preceding claim wherein
sai d sil oxane-contai ni ng nononer is conprised of a repeating nunber of from

2 tg 200 siloxy units. 8. The sil oxane-contai ni ng nononer of C aim
7, wherein said siloxane-containing nononer is conprised of 100 repeating
siloxy units. 9. - A fluorinated bul ky pol ysil oxyanyl al kyl - !
cont ai ni ng nononer having the fornul a: [err] . wherein

Rlerr] is CHerr]; 30

tris(trimethylsiloxy)silane (TRIS), DMA and N-

vinylpyrrolidinone (NVP).

Table 3

25 mole % Octafluorosiloxane/TRIS/DMA/NVP Formulation

Properties
Mix $Water DK Modulus Tear
80/0/20/0 17 186 155 1.8
80/0/15/5 17 212 170 2.4
80/0/10/10 is5 183 195 1.9
80/0/5/15 16 186 190 2.0
70/0/30/0 28 108 190 3.0
70/0/20/10 25 112 217 3.5
70/0/10/20 27 130 212 2.5
75/0/5/25 24 160 179 1.4
40/10/10/40 52 52 71 2.3
Table 4

25 mole % Octafluorosiloxane/TRIS/DMA/NVP/EGDMA Formulation

Properties
Mix $Water DK Modulus Tear
50/0/10/40/0.2 41 65 171 2.4
40/10/10/40/0.2 46 63 83 2.3
25/25/10/40/0.2 - 51 81 32 4.5
10/40/10/40/0.2 54 76 20 9.2

All formulations contain 20 parts hexanoi.

EGDMA is ethylene glycol dimethacrylate.

EXAMPLE 10
Film bata ~ Tris-Fluorosiloxane/DMA

Films were cast from the octafluoro substituted tris

methacrylate (as prepared in Example 5) using DMA as a



x i's 1, 2 or 3 y is 0, 1 or 2; and X +y = 3. 10.

A met hod of

I nproving the solubility of a polysil oxane-contai ni ng nononer

i n*_a hydrophilic nmononer which conprises attaching to the

pol ysi | oxane- cont ai ni ng 35 nononer
pol ar fluorinated side group having a hydrogen atom attached to a terminal
di fl uoro-substituted carbon atom said quorlnated si de group having. the
schemati c representation: - -D (CF2) H

comonomer. A 70/30 octafluoro substituted tris

methacrylate/DMA formulation possessed a water content of 25

%, a Dk of 42, a modulus of 107 g/mmz, and a tear strength of

3.7 g/mm. In addition, films were also cast from the

octafluoro substituted tris methacrylate and NVP mixtures.

The resultant films were transparent without the presence of a

cosolvent in the monomer mix. A 70/30/0.5 octafluoro

substituted tris methacrylate/NVP/EGDMA formulation has a

water content of 25 %, a Dk of 45, a modulus of 107 g/mm2 and

a tear strength of 3.7 g/mnm.

EXAMPLE 11

Cast Molding of Octafluorosiloxane Based Ilenses

Lenses were cast using the DP 100 methacrylate end-capped

25 mole % octafluoro side chain siloxane/DMA/Darocur 1173

(70/30/0.5) formulation using the cure conditions listed in

Example 8. The overall yield of cosmetically acceptable

lenses was 40%. Following a 2-propanol and buffered saline

extraction, the resultant lenses showed excellent wettability.

All formulations further contained 20 parts hexanol.

Hydroxyethyl methacrylate vinyl carbonate (HEMAVC)'and

ethylene diglycol methacrylate (EDGMA) are used as

crosslinking agents.

a



36 “wher ei n zis 1lto 20; and Dis al kyl ene group
having from1 to 10 carbon atonms and which may have ether |in ages en

car bon at ons. 11. A mononer m x conprising at MeigSteet GRAERecn

pol’ysi-l oxane- cont ai ni ng nononer as defined in any of C eﬁ

| east one hydrophilic nononer. m I
32

Many other nodific#tions and variations of the present
. invention are possible to.the skilled practitioner in the
field in light of the teachings herein. It is- therefore
understood that, within the scope of ‘the clalms, the present
invention can be p:actxced other than as herein specifically

described.

THIS SHEET HAS BEEN
REPLACED




aid mononer m x further

conprises at |east one initiator or rossl i-ni H mm’m” ;
The nmononer m x of any one of Cains 11-13, wherein said I "
nmononmer is a vinyl-containing or acrylic-containing nononer. 15. " 5 The

nmononer mx of Claim 14, wherein said vinyl-containing hydrophilic nononer
is selected fromN-vinyl-Nnmethyl acet arg e, N vinyl-Nethyl acetam de,
N-vinyl -N-ethyl formam de, N-vinyl-formam de and N-vinyl pyrrolidone, and
wher ei n saf'fi 3Pt c-cont ai ni ng -hydrophilic nonomer is selected from

2- hydroxyet hyl methacryl ate, glycerol nethacrylate, 2-hydroxyethyl

met’hacryl am de, nethacrylic acid, acrylic acid and N, N-di net hyl acryl am de.

1. A method of improving the solubility of a polysiloxane-

12" The mononer m x of O ai m Tiis Shedt ek 8k Replaced mononer nm x furt her
conprises at |east one additional sil ing norerer— 13,
The nononer mix of Claim1l or dai

€

containing monomer in a hydrophilic monomer which comprises
attaching to the polysiloxane-containing monomer a polar
fluorinated sidé*group having a hydrogen atom attached to a

terminal difluoro-substituted carbon atom.

2. A method of making a2 fluorinated siloxane-~containing
polymer comprising the steps of a) preparing a monomer mix
comprising a siloxane-containing monomer to which is attached
a poiar fluorinated side group having a hydrogen atom attached
to a terminal difluoro~-substituted carbon atom, at least one
hydrophilic monomer, at least one initiator: and b) curing the

monomer mix of step a).

3. The monomer mix of Claim 2 wherein said polar fluorinated
side group has the schematic representation
~D-{CF2) zH

wherein
z is 1 to 20; and

D is an alkyl or alkylene group having 1 to 10 carbon

atoms and which may have ether linkages between carbon atoms.

THIS SHEET HAS BEE“
REPLACED




37 *17. ‘ The mononer mix of O aim d hy dro hilic nonomers

?r;ﬁo#érl\l-?ri )r(regpy;nscg%laag} dgl glngsN_l\{l 2)7” wher ei n sal d 18 "’"”"l"'"""l,””",

pol ysi | oxane-contai ning nonomer with a polar fluorinated si dé g oup
present in an anmount of from :

16. The nmononer m x of any one o ai. amk g@ereln sai d nononer
m x conprises nore than one hydrophiH

. 34
4, The method of Claim 2 wherein said monomer mix further

‘comprises at least one crosslinking agent.

5. The method of Claim 2 wherein said siloxane-containing
monomer mix comprises an additional siloxane-containing

monomer.

6. The method ‘of Claim 2 wherein the siloxane-containing
monomer of step a) is comprised of a repeating number of

between from about 2 to about 200 siloxy units.

7. The method of Claim 2 wherein the siloxane-containing
monomer of step a) is comprised of about 100 repeating siloxy

units.

8. The method of Claim 3 wherein the fluorinated side group

is comprised of an alkyloxyperfluoroalkyl group.

9. The method of Claim 8 wherein the fluorinated side group

is selected from the group consisting of

. THIS SHEET HAS BEEN |
. ' REPLACED




10-§596by wei ght . 19. The nDno m X of 18 mhereln—sal

amount i s from 20-70% by wei ght. s sheer n119
wher,ein said amount is from 25-40% by willmw ﬂ 'm
a fluorinated pol ysil oxane- contai ni ng i ng the 3 Qﬂ’ l”

providing a nononer mx as clained in any one of Clains 11-20 a

curing said nononer m X. 22. A polgnerlzatlon product conpr|5|ng at

| east one pol ysi | oxane- cont ai ni ng nonomer3whi ch conprises a pol ar

f | uor i nat edpsopisl apryegtaiorppetatesgeprappivdytathall worddmpaateni,nahd

di fl uoro-substituted carbon atom and at |east one hydrophilic nononer, said
quorlnatedP§?2¥;2ﬁ¥ﬂR??E®'#EFE?R?R%&%QFaI schemati c representatlon

10. The method of Claim 8 wherein said fluorinated side group
is represented by the ‘formula: .
~CHy~CHp~CH5~-0-CHy~ (CF3) »-H
wherein

z is 1 to 20.

11. The method of Claim 2 wherein said monomer mix further

comprises more than one hydrophilic monomer.

12. The method of Clain 2 wherein said hydrophilic monomer is

a vinyl-containing or acrylic-containing monomer.

13. The method of Claim 12 wherein said hydrophilic monomers

are N,N~dimethyl acrylamide and N-vinyl pyrrolidone.

l14. A siloxane-containing monomer having at least one
fluorinated side group and having the general schematic

representation:

THIS SHEET HaS BEEN
.L RERLACED

st eren




-PilfCFZ) H mﬂerein . 10 ZbIS and oy '; Dis ammm—————
al kyl ene group having 1 to carbon a y
I2|3T11gages bit \Sﬁfgmg?.r tZ)g'[]l gﬁloglr;oduct of Mﬁi ein saﬂmlmmﬁ'"u"ms",!I,

pol ysi | oxane-cont ai ni ng nononer is as defined |n any one of Clains 1-09.

36
Ry R3 R R
A-R=-Si-[0-Si)x - [o-ﬁi]y - °'§i - R ~a
Ry Ry Rg Ry

wherein:
R is an alkyl or alkylene group having 1 to 10 carbon
atoms and which may have ether linkages between carbon atoms;
Ry-Rs may independently be a monovalent hydrocarbon
radical or a halogen substituted monovalent hydrocarbon
radical having 1 to 18 carbon atoms which may have ether
linkages between carbon atoms;

x is > 0;

y is > 1:

X + y =2 to 1000;

Rsiis a fluorinated side groub having the general
schematic representation:

- D~ (CF2); - H
wherein 2z is 1 to 20;
D is an alkyl or alkylene group having 1 to 10 carbon

atoms and which may have ether linkages between carbon atoms:;

and

A is.an activated unsaturated group, such as an ester or
amide of an acrylic or a methacrylic acid or is a group

represented by the general formula:
CH2=CHOgY-
wherein

Y is ~-0-, -S- or -NH-.

THIS SHEET HAS BEEN
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243 A pol yreri zation producL_LDﬂpLL§Lﬂg~§\nDnoner m x as defined in
any one of Clains 11-20. The polynerl“‘T1on product of—any—one ____

2\ con?:alrcnt; | ens rrade_e; relonm Za:ool Sgeﬂ? I' Mm ’ﬁﬁm[ as def' ”eﬁmﬂm,"ﬂ%ﬁ””m

C ai ns 22_25

37 _
15. The monomer of Claim 14 wherein said fluorinated side

group comprises an alkyloxyperfluoroalkyl group.

16. The monomer of Claim 15 wherein said fluorinated side
group is selected from the group consisting of
propyloxyoctafluoropentanes, propyloxytetrafluoropropanes, and

propyloxydodecafluorcheptanes.

17. The siloxane~containing monomer of Claim 15 wherein said
fluorinated side group is represented by the formula:
~CH5=CHy~CH5-0~CHy - (CF2) z-H
wherein

z is 1 to 20.

18. The siloxane-containing monomer of Claim 14 wherein said
siloxane-containing monomer is comprised of a repeating number

of between from about 2 to about 200 siloxy units.

19. The siloxane-containing monomer of Claim 14 wherein said
siloxane-containing monomer is comprised of about 100

repeating siloxy units.

THIS SHEET HAS BEEN
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38 %20. A fluorinated bul ky polysiloxanylal kyl (meth)acryrate—contai-ni-ng

nmononmer havi ng the general schemati dhisé BteaatRle ficed _
[ery] . wherein Ais an acti ted gr Ryml#mu.tlmﬂllﬂj ,ll,
ester or am de of an acrylic or a net

aV| .

or H; R is an al kyl or al kyl ene group 1 to 10 carbon

38

20. A fluorinated bulky polysiloxanylalkyl (meth)acrylate-
containing monomer having the general schematic

representation:
Rg
!
A-R~Si-[0-Si-D-(CF3)4~H]x
1 i
o Rg
i
RS-S‘i"R
R y
wherein

A is an activated unsaturated group, such as an ester or
amide of an acrylic or a methacrylic acid;
Rg is CH3 or H;

R is an alkyl or alkylene group having 1 to 10 carbon
atoms and which may have ether linkages between carbon atoms;

D is an alkyl or alkylene group having 1 to 10 carbon
atoms and which may have ether linkages between carbon atoms;

¥ is 1, 2 or 3;

y is 0, 1 or 2; and

21. A fluorinated bulky polysiloxanylalkyl-containing monomer
having the formula: ]

Cis
CH2=C-C(0) ~0-(R7) 3*‘Si"[0—Si (CH3) 2= (R7) 3~0-CHy~(CF3)4-H]x
(0-Si-(CH3)3)y |

wherein

THIS SHEET HAS BEEN
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atols and which may have ether |inkages between carbon atonE'*““—‘*{}+f%{H¥——
al kyl or al kylene group having 1 to 10 carbon atons and mhl
et her |inkages between carbon atons; Xx is 1, 2 or , ,"ﬁm" ﬁ I'”H"l

or 2; and X +y = 3. 21. A fluorinated bul ky
pol ysi{ oxanyl al kyl - cont ai ni ng nononer having the fornula [err]
wherein
. 39
Ry is CH,:

x is 1, 2 or 3;
y is 0, 1 or 2; and

X +y = 3.

22. The monomer of Claim 20 wherein said fluorinated side

group comprises'an alkyloxyperfluoroalkyl group.

23. The monomer of Claim 22 wherein said fluorinated side
group is selected from the group consisting of
propyloxyoctafluoropentanes, propyloxytetrafluoropropanes, and

propyloxydodecafluorcheptanes.

24. The monomer of Claim 22 wherein said fluorinated side
group is represented by the formula:
~CHp-CHp~CHp~0-CHp~ (CF) z—H
wherein

z is 1 to 20.

25. A monomer mix comprising at least one siloxane-containing
monomer which comprises a polar fluorinated side group having
a hydrogen atom attached to the terminal difluoro-substituted

carbon atom and at least one h}drophilic monomer.

THIS SHEET HAS BEEN
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397

X +y =3

A

R err]

26.

is CHerr]; xis 1, 2 or 3; y is 0, I'or 2; and —

22. The nononer of Cla|n120 wherein said quor |
Hllfllﬁffllﬂlﬂﬁllll | llll |

40

The monomer mix offqlaim 25 whérein said fluorinated side

group has the general schematic representation:

-D-(CF2) zH

wherein

27.

z is 1 to 20; and
D is an alkyl or alkylene group having 1 to 10 carbon
atoms and which may have ether linkages between carbon

atoms.

The monomer mix of Claim 26 wherein said monomer mix

further comprises at least one additional siloxane-containing

mononer.

28.

The monomer mix of Claim 26 wherein said monomer mix

further comprises at least one additional crosslinkiné agent.

29.

A polymerization product comprising at least one

siloxane-containing monomer which comprises a polar

fluorinated side group having a hydrogen atom attached to the

terminal difluoro-substituted carbon atém and at least one

hydrophilic monomer.
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groUp conprises an al kyl oxyper fl uoroal kyl group. 23. The nononer of
Claim22 wherein said fluorinated side group is selected fromthe group

consi sting of propyl oxyoctaf| uor opent anes, propyloxytetrafl

and propyl oxydodecaf | uor ohept anes. 24. The nononer a‘mﬂmmimml' " lm
wherein said fluorinated side group is represented by the f orfrulta: t

-CH err]-CHerr]-CHerr]-OCHerr]- (CFlerr]) [err]-H

41
30. The polymerization product of Claim 29 wherein said

fluorinated side group has the general schematic

representation: -

-D-(CF2) 2H
wherein ,
z is 1 to 20; and
D is an alkyl or alkylene group having 1 to 10 carbon

atoms and which may have ether linkages between carbon

atoms.

31. A polymerization product comprising:
a) a siloxane-containing mohomer comprising at least

one fluorinated side group and having the general schematic

representation:
R R3 Ry Ry
A~R - §i ~ [0-8i}y - [0-’7’“3’ - 0-Si - R =2
|
Ry 4 Rs Ry
wherein:

R is an alkyl or alkylene group having 1 to 10.carboﬁ
atoms and which may have ether linkages between carbon atoﬁs:
Rj-R4 may independently be a monovalent hydrocarbon
radical or a halogen substituted monovalent hydrécarbon
radical having 1 to 18 carbon atoms which may have ether

linkages between carbon atoms;
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whér ei n zis 1to 20. 25. A nononmer m x conprising at |east

one sil oxane-containing nononer which conprises a polar‘TTUUrrna%ed~SLde_“_

group having a hydrogen atom attached to the term nal stitute
carbon atom and at |east one hydrophilic nononer. “m"r”mm"”m””m

TH' 'S SHEET HAS BEEN
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y is > 1;
Xx+y=2 to 1000;
Rs is a fluorinated side group ﬁaving the general
schématic representation:
- D~ (CF3)z = H
wherein z is 1 to 20;

D is an alkyl or a;kylene group having 1 to 10 carbon
atoms and which may have ether linkages'between carbon atoms;
and

A is an activated unsaturated group, such as an ester or
anide of an acrylic or a methacrylic acid or is a group

represented by the general formula:

CH2=CHOgY-
wherein

Y is -0-, ~S- or ~NH~; and
b) at least one hydrophilic monomer.
32. The polymerization product of Claim 31 wherein said

monomer mix further comprises at least one additional

siloxane~containing monomer.




\h\

40 '56. The nononer mx of Claim25 wherein said fluorinated side group

(GeernStern merein e oo ane (MO

43
33. The monomer mix of Claim 31 wherein said monomer nix

further comprises at least one additional crosslinking agent.

34. The polymerization product mix of Claim 31 wherein said
hydrophilic monomer is a vinyl-containing or acrylic-

containing monomer.

35, The polymerization product of Claim 34 wherein said
vinyl-containing hydrophilic-monomer is selected from the
group consistiﬁg of N-vinyl-N-methyl acetamide, N-vinyl-N~
ethyl acetamide, N~vinyl-N-ethyl formamide, N-vinyl-formamide

and N-vinyl pyrrolidone.

36. The polymerization product of Claim 34 whereiﬁ said
acrylic-containing hydrophilic monomer is selected from the
group consisting of 2-hydroxyethyl methacrylate, glycerol
methacrylate, 2-hydroxyethyl methacrylamide, methacrylic acid,
acrylic acid and N,N-~dimethylacrylamide.

' 37. The polymerization product of Claim 31 wherein said
polymerization product further comprises at least one

additional siloxane-containing monomer.

?M
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Dis an alkyl or alkylene group having 1 to 10 carbon _____atons and_which
may have ether |inkages between carbon at ons. 27. The nononer

mx of Claim26 wherein said nonomer mix further conpri sﬁmmmmﬂ“mﬂﬁ“l
additional sil oxane-containing nononer. 28. The ‘nonoim
26 wherein said nmononer mix further conprises at |east oné audi'ti dnaf *
crosslinki ng agent.
44
'38. A polymerization product comprising:
a) a fluorinated bulky pelysiloxanylalkyi (meth)acrylate-

containing monomer having the formula:

Rg
_ \ ' '
A-R-—S‘i— [0-Si-D~(CF2)4-KH]x
1

O Rg

{
Rg~Si-Rg

)

wherein

A is an activated unsaturated group, such as an ester or
amide of an acrylic or a methacrylic acid:

Rg is CH3 or H: _

R is an alkyl or alkylene group having 1 to 10 carbon
atoms and which may have ether linkages between carbon atoms:

D is an alkyl or alkylene group having 1 to 10 carbon
atoms and which may have ether linkages between carbon atoms;

x is 1, 2 or 3;

y is 0, 1 or 2; and

x4+ y = 3; and

b) at least one hydrophilic monomer.

39. The polymerization product of Claim 38 wherein said
monomer mix further comprises at least one additional
siloxane-containing monomer.
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29 * A pol yneri zation product conprising at |east one sil oxane-containing
nmonomer which conprises a polar fluorinated side group havin hydr ogen

?tegg}[ a’z)'ﬁlgchﬁgd'ﬁ gphihlei Ct renrjmoglr. di fl uoro-substituted carbon ﬁMH"'““""I,'" l“,

. 45
40. The monomer mix of Claim 38 wherein said monomer mix

further comprises at least one additional crosslinking agent.

41. The polymerization product of Claim 38 wherein said
hydrophilic monomer is a vinyl-containing or acrylic- -

containing monomer.

42. The polymerization product of Claim 41 wherein said
vinyl-containing hydrophilic monomer is selected from the
group consisting of N-vinyl-N-methyl acetamide, N-vinyl-N-~
ethyl acetamide, N-vinyl-N~-ethyl formamide, N-vinyl-formamide

anéd N-vinyl pyrrolidone.

43. The polymerization prodﬁct of Claim 41 wherein said
acrylic-containing hydrophilic monomer is selected from the
group consisting of 2-hydroxyethyl methacrylate, glycerol
nethacrylate, 2-hydroxyethyl methacryiamide, methacrylic acidg,

acrylic acid and N,N-dimethylacrylamide.

44. The polymerization product of Claim 31 wherein said

polymerization product is a hydrogel.




% . . . . . .
41 30. The polynerization product of C aim29 wherein said—Hudorinated
side group has the general schematic representation:

-D(CF[err])[err]H wherein zis 1lto 20; and Dm mmmm”
al kyl ene group having 1 to 10 carbon atonms and whi ch i ’"ﬂ
| i nkages between car bon at ons. noos ok

46

45. The polymerization product of Claim 38 wherein said

polymerization product is a hydrogel.

46. A contact lens made from a polymerization product
comprising at least one siloXane;containing monomer which
comprises a polar fluorinated side group having a hydrogen
atom attached to the terminal difluoro-substituted carbon atom -

and at least one hydrophilic monomer.

47. The contact lens of Claim 46 wherein said fluorinated

side group has the general schematic representation:

-D-(CF2) zH

wherein
Zz is 1 to 20; and

D is an alkyl or alkylene group having 1 to 10 carbon
atoms and which may have ether linkages between carbon

atons.

48. A contact lens made from a polymerization product which
comprises:

a). a siloxane-containing monomer comprising at least
one fluorinated side group and having the general schematic

representation:

3
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3F A pol ymeri zati on product conpri sing: a) a sr#axaﬁe*eenLaLnLng_

nononmer conprising at |least one fluorinated side group i.ng the
general schematic representation: % ﬂ" t' J”"L
Ris an al kyl or alkylene group having 1 to 10 carbon

have et her |inkages between carbon atons; Rlerr]-Rerr] nay
I ndependently be a nonoval ent hydrocarbon radical or a hal ogen substituted
nonoval ent hydrocarbon .

47
R !;!3 R1 R
A-R-~- s:. - [O-Sl]x - [o-si]y - o-§1 - R -A
Rz R4 Rs Ry

wherein:

R is an alkyl or alkylene group having 1 to 10 carbon
. atoms and which may have ether 1inkages between carbon atoms;

R;~R4 may independently be a2 monovalent hydrocarbon
radical or a halogen substituted monovalent hydrocarbon
radical having 1 to 18 carbon atoms which may have ether
linkages between carbon atoms;

x is > 0; -

y is > 1;

X+ y =2 to 1000;

Rg is a fluorinated side group having the general
schematic representation:

- D - (CFy)z - H

wherein z is 1 to 20; .

D is an alkyl or alkylene group having 1 to 10 darbon
atoms and which may have ether linkages between carbon atoms;
and ' .

A is an activated uﬁsaturated group, such as an ester or
amide of an acrylic or a methacrylic acid or is a group

represented by the general formula:

CH2=CHOSY—

wherein

! THIS SHEET HAS BEEy
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raﬁical having 1 to 18 carbon atons which may have et her ~tTimkages—between—

carbon at ons; 4 .
O st ey =z I

48
Y is -0-, =S~ or -NH-; and

b) at least one hydrophilic monomer.

49. The contact lens of Claim 48 wherein said monomer mix
further comprises at least one additional siloxane-containing
monomer.

50. The contact lens of Claim 48 wherein said monomer mix

further comprises at least one additional crosslinking agernt.

51. The contact lens of Claim 48 wherein said hydrophilic

monomer is a vinyl-containing or acrylic-containing monomer.

52. The contact lens of Claim.51 wherein said vinyl-
containing hydrophilic monomer is selected from the group
consisting of N-vinyl-N-methyl acetamide, N-vinyl-N-ethyl
acetamide, N-vinyl-N-ethyl formamide, N-vinyl-formamide and N-

.vinyl pyrrolidone.

53. The contact lens of Claim 51 wherein said acrylic-
containing hydrophilic monomer is selected from the group

consistiné.of 2-hydroxyethyl methacrylate, glycerol

THIS SHEET Hag
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R[%rr] Is a fluorinated side group having the general schematic

representation: -D- (CF[err])[err] - H wherein

D.l s an al kyl or al kylene group having 1 to 10 carbon atonHm"ﬂ"m'nﬁﬁmHM",
have ether 1inkages between carbon atons; and . Ais an*ractivat e
unsaturated group, such as an ester or &g de of an acrylic or

nmet hacrylic acid or is a grou represented by the, general fornula
CH err] = [methacyyiatsn 2-hydroxyethyl methacrylamide, methacrylic acid,

acrylic acid and N,N-dimethylacrylanmide.

54. The contact lens of Claim 48 wherein said polymerization
product further comprises at least one additional siloxane-

containing monomer.

55. A contact lens made form a polymerization product which
comprises:
a) a fluorinated bulky polysiloxanylalkyl (meth)acrylate-

containing monomer having the formula:

Rg

)
A-R-Si-[0-Si-D-(CF5) 4-H]x
! !

0] Rg

\
Rg-Si-Rg

{

wherein
A is an activated unsaturated group, suéh as an ester or
amide of an aqrylic or a methacrylic acid;
Rg is CH3 or H;
R is an alkyl or alkylene group having 1 to 10 carbon
. atoms and which may have ether linkages between carbon atoms;
D is an alkyl or alkylene group having 1 to 10 carbon.

atoms and which may have ether linkages between carbon atonms;
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\’?s -0-, -S- or -NH; and b) at |east one hydrophitTitronerer.
32. The polynerlzatlon product of Caim 31 wherein said
fwrther conprises at |east one additional siloxane-cont alnwmmmm "””"’

. , 50
X is 1, 2 or 3;

Yy is 0, 1 or 2; and
X +.y = 3; and

b) at least one hydrophilic monomer.

56. The contact lens of Claim 55 wherein said monomer mix
further comprises at least one additional siloxane~containing
monomer.

57. The monomer mix of Claim 55 wherein said monomer mix

further comprises at least one additional crosslinking agent.

58. The contact lens of Claim 55 wherein said hydrophilic

monomer is a vinyl-containing or acrylic-containing monomer.

$§9. The contact lens of Claim 56 wherein said vinyl-
containing hydrophilic monomer is selected from the group
consisting of N-vinyl-N~methyl acetamide, N-vinyl-N-ethyl
acetamide, N-vinyl-N-ethyl formamide, N—vinyi—formamide.and N-

vinyl pyrrolidone.

60. The contact lens of Claim 56 wherein said acrylic-
containing hydrophilic monomer is selected from the group

consisting of 2-~-hydroxyethyl methacrylate, glycerol
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43’33 Thg nmononer m x of Cl aim 31 wherein said nonomer m x further

conprlses dat | east one additional crosslinking agent .

pojynmerization product mx of Caim31l wherein said hydropﬂ"’" mnmuHﬂfl"lHl
a vinyl-containing or acrylic- containing nononer. f
pol ymeri zation product of Caim 34 m§re| n said vinyl- cont a| n| ng

hydr ophi lic nqyoner I S selﬂfted fr%Q
14

acrylate ydroxyethy methacrylamlde, methacrylic acid,

acrylic acid and N,Nrdimethylacrylamide.

61. The contact lens of Claim 48 wherein said polymerization

product is a hydrogel.

62. The contact lens of Claim 55 wherein said polymerization

product is a hydrogel.
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.gneoup consi sting of N-vinyl-Nnethyl acetam de, Nvinyl-N ethyl

acetam dé; N-vinyl-N-ethyl formam de, N-vinyl-formamide and N-vinyl
pyrrolidone. 36. The pol ynerization product of C aim 34 wherein said
acfrylic-containing hydrophilic nononer is selected fromthe group

consi sting of 2-hydroxyethyl methacrylate, glycerol nethacrylate,

2- hydroxyet hyl nethacrylam de, nethagzylic acid, acrylic acid and
N, N- di et hyl acryl am de.

ABSTRACT

FLUOROSILICONE HYDROGELS

Novel f£fluorosiloxane-containing monomers are disclosed

which are especially useful for the preparation of biomedical

materials such as contact lenses.



37. The polynerization product of Caim31 wherein said polynerization
product further conprises at |east one additional siloxane-containing
nononer . : _ 44 38. A

pol ymeri zati on product conpri sing: a) a fluorinated bul ky

pol ysi | oxanyl al kyl (meth)acrylate- containing nononer having the fornul a:

1l

FLUOROSILICONE HYDROGELS

The invention relates to polysiloxane-containing
monomers having at least oné polar fluorinated side chain.
The monomers described herein can be used with hYdrophilic
monomers to form polymerization products which are useful for
making "hard" or "soft" contact lenses, intraocular implants,
as well as other prostheses, and more particularly "soft" .

hydrogel contact lenses.

In the field of contact lenses, various factors must
combine to yield a material that has appropriate
characteristics. Oxygen permeability, wettability, material
strength and stability are but a few of the factors which must
be carefully balanced to achieve a useable contact lens.

Since the cornea receives its oxygen supply exclusively from
contact with the atmosphere, good oxygen permeability is a
critical characteristic for any contact lens material.

Wettability also is important in that, if the lens is not

REPLACEMENT SHEET
- 2 DEC 1997




Jerr] wherein A is an activated unsaturated group, such as an

ester or amde of an acrylic or a nethacrylic acid; Rlerr] is CHerr]
or H R is an al kyl or al kylene group having 1 to 10 carbon atonms and
whi ch may have ether |inkages between carbon atomns; Dis an al kyl or

al kyl ene group having 1 to 10 carbon 5

The fluorinated polysiloxane-containing
monomers disclosed herein surprisingly display
outstanding compatibility by being highly soluble in
various hydrophilic compounds, such as N-vinyl
pyrrolidone (NVP) and N,N-dimethyl acrylamide (DMA),
without the need for additional compatibilizers or
solubilizers.

More particularly, in accordance with one
aspect the present invention provides a method of
improving the solubility of a polysiloxane-containing
monomer in a hydrophilic monomer which comprises )
attaching to the polysiloxane-containing monomer a polar
fluorinated side group having a hydrogen atom attached to
a terminal difluoro-substituted carbon atom, said
fluorinated side group having the schematic
representation:

-D- (CF,) ,H

wherein

z is 1 to 20; and

D is an alkylene group having from 1 to 10
carbon atoms and which may have ether linkages between
carbon atoms.

In accordance with a further aspect the present
invention provides a polymerization product comprising at
least one polysiloxane-containing monomer which comprises
a polar fluorinated side group having a hydrogen atom
attached to the terminal difluoro-substituted carbon atom
and at least one hydrophilic monomer, said fluorinated
side group having the general schematic representation:

-D- (CF,) ,H

REPLACEMENT SHEET
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atons and which may have ether |inkages between carbon atons; X is 1,

2 or 3; y is 0, 1 or 2; and Xx +y =3; and b) at |east
one hydrophilic nononer. 39. The pol ynerization product of C aim 38
wherein said nononer mx further conprises at | east one additional

si | oxane- cont ai ni ng nononer.

z is 1 to 20; and
D is an alkylene group having 1 to 10 carbon
atoms and which may have ether linkages between carbon

atoms.

As used herein, the term "side group" refers to
any chain branching from a siloxane group, and may be a
side chain when the siloxane is in the backbone of the
polymeric structure. When the siloxane group is not in
the backbone, the fluorinated strand or chain which
branches out from the siloxane group becomes a side chain

off the siloxane side chain.

The "terminal" carbon atom refers to the carbon
atom located at a position furthest from the siloxane
group to which the fluorinated strand, or side group is
attached.
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45 40. The nononer nmix of C aim 38 wherein said nononer nmix further

‘conprises at | east one additional crosslinking agent. 41. The
pol ynmeri zati on product of C aim 38 wherein said hydrophilic nononmer is a
vinyl -contai ning or acrylic- containing nononer. 42. The

pol ymeri zati on product of C aim4l wherein said vinyl-containing
hydrophilic nononmer is selected fromthes group consisting of
N-vi nyl - N-met hyl acetam de, N-vinyl-N

In yet another aspection the present invention provides

a siloxane-containing monomer having the following general

schematic representation:

- R R3 Ry Ry
A-R- §i - [0-Si)x - to-§i]y - o-§i'- R -2
)
R2 Ry Rs Ry

wherein:
R is an alkylene group having 1 to 10 carbon
atoms and which may have ether 1inkages between carbon atoms:
R3~R4 may independently be a monovalent_hydrocarbon
radical or a halogen substituted monovalent hydrocarbon
radical having 1 to 18 carbon atoms which may have ether

linkages between carbon atoms:

X is > 0;

y is > 1;

X +y=2 to 1000; and

z is 1 to 20; and

Rs is a fluorinated side chain having the general
schematic representation:

- D - (CF3)z - H
wherein z is 1 to 20:
D is an alkylene group having 1 to 10 carbon

atoms and which may have ether linkages between carbon atoms;

and
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eth&l acetam de, N-vinyl-Nethyl formam de, N-vinyl-formam de and N vinyl

‘pyrrolidone. 43. The pol ynerization product of Caim4l wherein said

acrylic-containing hydrophilic nonomer is selected fromthe group
consi sting of 2-hydroxyethyl methacrylate, glycerol nmethacrylate,
2- hydr oxyet hyl net hacryl am de, nethacrylic acid, acrylic acid and
NN- di et hyl acryl am de. 44. The pol ¥Yeri zation product of C aim 31

wherein S%h%re y is 10, 25 and 40;
X + y is 100; and

zZ is 4 or 6

In a yet further aspect of the present invention,
the fluorinated siloxane-containing monomers are fluorinated
bulky polysiloxanylalkyl (meth)acrylate monomers represented

by the general schematic representation:

Rg
)
A-R~Si-{0-Si~D-(CF3)4-Hlx
\ |

(o] Rg

t
6-Si-Rg

i

R6 y

wherein

A is an activated unsaturated-group, such as an ester or
amide of an acrylic or a methacrylic acid;

Rg is CH3 or H; |

R is an alkylene group having 1 to 10 carbon
atoms and which may.have ether linkagés between carbon atoms;
D is an alkylene group having 1 to 10 carbon
atoms and which may have ether linkages between carbon atoms:;
| x is 1, 2 or 3; |
y is 0, 1, or 2; and
X +y =3,
Also preferred are the fluorinated bulky

polysiloxanylalkyl monomers of the following.formula:

v
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pol ymerization product is a hydrogel.

46 45. The pol ynerization product of Caim38 wherein said polynerization
product is a hydrogel. 46. A contact | ens nade froma pol ynerization
product conprising at |east one siloxaﬂs-containing nonomer whi ch

CH,
CH,=C-C(0) -O- (R,) ;-8i- [0-81i (CH,) ,~ (R,) ;-O-CH,- (CF,) ,-H]

{0-8i-(CH;) 1),
wherein

R,'is CH,; and

x is 1, 2 or 3;

vy is 0, 1 or 2; and
X + Yy = 3.

In accordance with another aspect the present’
invention provides a monomer mix comprising at least one
fluorinated polysiloxane-containing monomer of this
invention and at least one hydrophilic monomer.

Still further, there is provided a method of
making a fluorinated polysiloxane-containing polymer
comprising the steps of (a) providing a monomer mix of
this invention, and (b) curing the monomer mix.

The fluorinated polysiloxane-containing
monomers of the present invention combine the desirable
features of known hydrophilic side chain polysiloxanes,
such as relative compatibility with hydrophilic monomers,
with improved deposit resistance from the fluorinated
group. Desired properties of contact lenses may be
affected and controlled by the use of these monomers.
For example, by altering the relative ratio of the
comonomers (the aforementioned fluorinated polysiloxane
monomer to the hydrophilic monomer or monomers), certain
hydrogel charactéristics in the polymerized fluorinated
polysiloxane copolymer may be altered.



conprises a polar fluorinated side group having a hydrogen atom attached
to the termnal difluoro-substituted carbon atom and at | east one

hydr ophi | i ¢ nononer. 47. The contact lens of Caim46 wherein said
fluorinated side group has the general schematic representation:
-D-(CF[err]) [err] H wherein zis 1to 20; and Dis an al kyl or

al kyl ene group having 1 to 10 carbon
10a

_ The relative softness or hardness of the
contact lenses fabricated from the resulting polymers of
this invention can be varied by decreasing or increasing
the molecular weight of the polysiloxane monomer end-
capped with the activated unsaturated group or by varying
the percent of the comonomers
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atons and whi ch may have ether |inkages between carbon at ons.

'48. A contact |lens made from a pol ynerization product which conprises:

a) a sil oxane-contai ni ng nononmer conprising at |east one fluorinated
si de group and having the general schematic representation:
11

present. Generally, as the ratio of polysiloxane units to
end-cap units increases, the softness of the material

increases.

Although the present invention contemplates the use of
the fluorinated polysiloxane mdnomer for both "hard" and
"soft" contact lenses, the.disclosed formulations are
especially useful for the manufacture of "sofﬁ" hydrogel
contact lenses. A lens is considered to be "soft" if it can

be folded back upon itself without breaking.

A hydrogel is a hydrated éross-linked polymeric systenm
that contains water in an equilibrium state.  Silicone
hydrogels (i.e., hydrogels containing silicone) are usually
prepared by polymerizing a mixture containing at least one
silicone~containing monomer and at least one hydrophilic
monomer. Either the silicone-containing monomer or the
hydrophilic monomer may function as a crosslinking agent (a
crosslinker), being defined as a monomer having multiple
polymerizable functionalities. Alternatively, an additional

crosslinker may be employed.

When the term "activated" is used with tﬁe term
"unsaturated group" herein, it is meant that an unsaturated
group which is activated is one which has a substituent which
facilitates free radical polymerization. These activated

unsaturated groups are polymerized to form the polymers of the




47 [err] wher ei n: R is an al kyl or al kylene group
having 1 to 10 carbon atons and which nay have ether |inkages between

car bon. at ons; Rlerr]-R err] may independently be a nonoval ent
hydr ocarbon radical or a hal ogen substituted nonoval ent hydrocarbon
radical having 1 to 18 carbon atons which may have ether |inkages between

car bon at ons;
o 14
polysiloxanylalkyl (meth)acrylate containing monomers are, for

example, methacryloxypropyl tris(octafluoropentyl-

oxypropyldimethylsiloxy)silanes.

The preferred fluorinated side groups are the
propyloxyoctafluoropentanes, the propyloxytetrafluoropropanes
and the propyloxydodecaheptanes, with the propyloxy .

- octafluoropentanes being the most preferred.

The present invention contemplates, in one preferred
embodiment, polymerizing, in a monomer mix, more than one type

of polysiloxane monomer, one of which has at least one polar

fluorinated siloxane-containing monomer as defined herein,
with at least two hydrophilic monomers to produce a contact

lens material.

Additional hydrophilic monbmers may be incorporated into
the polymeric compositions contemplated by the present
invention to form hydrogels. Such preferred hydrophilic
monomers may be either acrylic- or vinyl-containing and may be
used as crosslinking agents. The term "vinyl-type" or “vinyl-
containing" monomers refers to non-acrylic monomers containing
the vinyl grouping (CHy=CHjy). Such hydrophilic vinyl-
containing monomers are known to polymerize relatively easily.
“Acrylic-type" or “acrylic-containing" monomers are those
monomers containing the acrylic group (CH=CRCX) wherein R is

!
H or CH3, and X is O or NH. ©

~2neg 1957
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1 X

is [err] O; y is [err] 1, X +y =2 to 1000; Rlerr] is
fluorinated side group having the general schenmatic representation:

D- (CFlerr])[err] - H wherein z is 1 to 20; Dis an al kyl or
al kyl ene group having 1 to 10 carbon _atons and which may have et her

| i nkages bet ween carbon atons; and 1® A is an activated unsat ur at ed

group, suqh. 35 A0 AUy Npr @l 1% Rly Pedidhdee a2 MEthacTyl e acid or s

(vinyloxycarbonylthio)propyl—[tris(trimethylsiloxy)silane]; 3~
[tris(trimethylsiloxy)silyl]} propyl vinyl carbamate; 3-
[tris(trimethylsiloxy)silyl] propyl allyl carbamate; 3-
[tris(trimethylsiloxy)silyllpropyl vinyl carbonate; t-
butyldimethylsiloxyethyl vinyl carbonate; trimethylsilylethyl
vinyl carbonateé trimethylsilylmethyl vinyl carbonete: and

"VoD35" as shown in the following formula:

CH3 CH3 CH3
l 1 ! :
CH,=CH-0CO-(CH3) 4~Si-0——Si~0 Si~(CHy) 4~0CO-CH=CH>
Il i l | 1)
o) CH; X CH3 o)

|
(CF2)2-H 25

wvherein

X is an alkylene group having 1 to 10 carbon
‘atoms and Qﬂich may have ether llnkages between carbon atoms,
and

z is 1 to 20.

When it is desirable for both an acrylic-containing
hydrophilic monomer and a vinyl-containing hydrophilic monomer
to be incorporaﬁed into the silicone~-containing polymer of the
present invention, a further crosslinking ageﬁt having both a
vinyl and an acrylic polymerizable group may be used, since
these vinyl and acrylic hydrophilic monomers have different
reactivity ratios and copolymerize at vastly different rates

or will not copolymerize at all. Such crosslinkers, such as

g -»7-"‘1"}'1
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represented by the general fornula: CHerr]= [err]

wher ei n

48 Yis -0-, -S or

-NH; and b) at | east one hydrophilic nonomner

20
described in U.S. Patent Nos. 4,486,577 and 4,605,712. sStill

other known crosslinking agents are the reaction products of
polyvinyl alcochol, ethoxylated polyvinyl alcohol or of
polyvinyl alcohol-co-ethylene with 0.1 to 10 mol % vinyl

isocyanates like IEM or m-TMI.

The instanﬁ copolymers can be readily cured to cast
shapes by conventional methods such as UV polymerization, use
of free radical thermal initiators or heat, or combinations
thereof, as commonly used in polymerizing ethylenically
unsaturated compoundé. Representative free radical thermal
polymerization initiators are organic peroxides, such as
acetal peroxide, lauroyl peroxide, decandyl pexoxide, stearoyl
peroxide, benzoyl peroxide tertiarybutyl peroxypivalate,
peroxydicarbonate, and the like, employed in a concentration
of 0.01 to 1 percent by weight of the total monomer

mixture. Representative UV initiators are those known in the

field such as, benzoin methyl ether, benzoin ethyl ether,

Darocure 1173, 1164, 2273, 1116, 2959, 3331 (EM Industries)

and Igracure 651 and 184 (Ciba-Geigy).

In addition to the above-mentioned polymerization
initiators and crosslinking agents, the monomeric mix and
resulting copolymer of the present invention may also include
additional materials such as colorants, toughening agents, UV-
absorbing agents and other materials such as those known in

the contact lens art.
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49. The contact |ens of- C aim48 wherein said nononmer m x further conprises

at | east one additional siloxane-containing nononer. 50. The cont act
| ens of Claim48 wherein said nononmer mx further conprises at |east one
addi ti onal crosslinking agent. 51. The contact |ens of C aim 48 wherein

said hydrophilic nononer is a vinyl-containing or acrylic-containing
monomner .

21
The resulting polymers of this invention can be formed

into contact lenses by spincasting processes such as those
disclosed in U.S. Pat. Nos. 3,408,429 and 3,496,254 and other
conventional methods, such as compression molding as disclosed

in U.s. Pat. Nos. 4,084,459 and 4,197,266.

Polymerization may be conducted either in a spinning
mold, or a stationary mold corresponding to a desired contact
lens shape. The thus-obtained contact lens may be further
subjected to a mechanical finishing, as occasion demands.
Also, the polymerization may be conducted in an appropriate
mold or vessel to give a lens material in the form of button,
plate or rod, which may then be processed (e.g., cut or
polished via lathe or laser) to give a contact lens having a

desired shape.

The hydrogels produced by the present invention are
oxygen transporting, hydrolytically stable, biologically
inert, and transparent. The monomers and coéolymers employed
in accordance with this invention, are readily polymerized to
form three dimensional networks which permit the transport of
oxygen and are optically clear, strong and hydrophilic.

The present invention provides materials which can be
-usefully employed for the fabrication of prostheses such as

heart valves and intraocular lenses, as optical contact lenses




52. The contact lens of Claim51 wherein said vinyl- containing

hydr ophilic nononmer is selected fromthe group consisting of
N-vinyl - N-met hyl acetam de, N-vinyl-N-ethyl acetam de, N-vinyl-Nethyl
formam de, N-vinyl-formam de and N- vinyl pyrrolidone. 53. The '
contact lens of Claimb51 wherein said agrylic- containing hydrophilic
nmononer i s selected fromthe group con ?sting of 2-hydroxyet hyl

et hacryloaxt %Us gi‘%:i.ylcmesr O More particularly, the preferred embodiments of

the present invention concern contact lenses.

Thus, the present invention provides articles of
manufacture which can be used for biomedical devices, such As,
sufgical devices, heart valves, vessel substitutes,
intrauterine devices, membranes and other films, diaphragms,
surgical implants, bloocd vessels, artificial ureters,
artificial breast tissue and membranes intended to come into
contact with body fluid outside of the body, e.g., membranes
for kidney dialysis and heart/lung machines and the like,
catheters, mouth guards, denture 1iners, intraocular devices,

and especially contact lenses.

It is known that blood, for example, is readily and
rapidly damaged when it comes into contact with artificial
surfaces. The design of a synthetic surface which is
antithrombogenic and nonhemolytic to blood is necessary for

prostheses and devices used with blood.

The following examples further illustrate the present

invention.
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49 hethacrylate, 2- hydr oxyet hyl nethacrylan1de met hacryl i c—ae+d—acrylic
‘acid and N, N-di net hyl acryl am de. ‘b7 " The contact lens of Claim48

e el e e S i g

32
CLAIMS:

1. A siloxane-containing monomer having at least
one fluorinated side group and having the general

schematic representation:

-T1 ﬁ% T! ?t :
A-R-Si- [o-?i]x - [0-Si), - 0 -~ Si - R - A

I
2 R, Rs R,

R

wherein:
R is an alkylene group having 1 to 10
carbon atoms and which may haﬁe ether linkages between
carbon atoms; |
R,~R, may independently be a monovalent
hydrocarbon radical or a halogen substituted monovalent
hydrocarbon radical having 1 to 18 carbon atoms which may
have ether linkages between carbon atoms;
X is 2 0;
y is 2 1;
X +y = 2 to 1000;
Ry is a fluorinated side group having the
general schematic representation:
~ D - (CF,),
wherein z is 1 to 20;
| D is an alkylene group having 1 to 10
carbon atoms and which may have ether linkages between

carbon atoms; and
A ig an activated unsaturated group or is a group

represented by the general formula:

0
wherein cm-coty-  [RERLACEMENT SHEET

Y is -0-, -S- or -NH-.
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55. A contact |ens made form a pol ymerization product whiRFEPLACHMFNSSHERT

Lot s A > =y ) R

nononer
is an activated unsat@uratell gfoup, such as an ester or &m
or a nmethacrylic acid;

)

an acryji

: 33
2. . A fluorinated bulky polysiloxanylalKyl
(meth)acrylate-containing monomexr having the general

schematic representation:

?6
A-R-Si-[0~S5i-D-= (CF), - H],
Rg

...R6

&
!

W — —O —
(8

wherein . _
A is an activated unsaturated groupj

R, is CH; or H;
R is an alkylene group having 1 to 10
carbon atoms and which may have ether linkages between
carbon atons:; _
- D is an alkylene group having 1 to 10
carbon atoms and which may have ether linkages between
carbon atoms;
x is 1, 2 or 3;
Y is 0, 1 or 2; and
X+ y = 3. |

3. The monomer of Claim 1 or Claim 2 wherein said
fluorinated side group comprises an alkyloxyperfluoro-
alkyl group.

4. The monomer of Claim 3, wherein said
fluorinated side group is selected from
propyloxyoctafluoropentanes, propyloxytetrafluoropropanes
and propyloxydodecafluoroheptanes.

5. The siloxane—containing monomexr of Claim 3,
wherein said fluorinated side group is represented by the
formula: ;



. err] is CHerr] or aIkyI or al kyl ene Pt _'Jl_f_:
?([) ca]r bon atons and mnml her | i nkages bet wepkE ﬁé&\fﬁti} X
Dis an al kyl or alky aviRg 1 to 10 carbon ajops and wnhi ch nay
have ether |inkages betmeen car bon at ons; : ~2DEC 1997
50 o xis 1, 2 or 3, y is 0, 1 or 2; and

34

-CH,~CH,~CH,-0-CH,- (CF,) ,-H

wherein _
z is 1 to 20.

6. The siloxane-containing monomer of any
preceding claim, wherein A is an activated unsaturated
group selected from the esters and amides of acrylic and
methacrylic acid. '

7. The siloxane-containing monomer of any
preceding claim, wherein said siloxane-containing monomer
is comprised of a repeating number of from 2 to 200

siloxy units.

8. The siloxane-containing monomer of Claim 7,
wherein said siloxane-containing monomer is comprised of
100 repeating siloxy units.

9. A fluorinated bulky polysiloxyanylalkyl-
containing monomer having the formula:

0
CH:--C‘C (O) -0" (R-,) 3"Si" [O‘Si (CH;) 27 (R‘,) 3"0"CH2- (sz) 4-H] x

(0-Si- (CH,),),

wherein
‘R, is CH,;
x is 1, 2 or 3;
y is 0, 1 or 2; and
X +y = 3.
10. A method of improving the solubility of a

polysxloxane containing monomer in a hydrophilic monomer
which comprises attachlng to the poly51loxane -containing



. X +y =3; and b at Ieast one hydrophlllc nonomner . 56. The

-cont act l ens of Claim Smemnullﬁ;mm“.nomer m x further conprises at

| east one additi onal nonomner . 57. The nmononer m x of
Cl ai m 55 wherein said monontr 'mi ¥ further conprises at |east one
addi ti onal crosslinking agent 58. The contact |ens of O aim 55 wherein

said hydrophilic nononer is a vinyl-c%%taining or acrylic-containing

TONOMBL- onomer a polar fliorinated side group having a hydrogen

atom attached to a terminal difluoro-substituted carbon
atom, said fluorinated side group having the schematic
representation:

-D- (CF,) H
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. 59. The cont act Iens of Cla|n156 wherein said vinyl- containing

hydrophilic nnno m the group consisting of
N-vi nyl - N- et hyl ﬂl‘r"m -N-ethyl acetam de, N-vinyl-N-ethyl
formam de, N-vinyl - ormanq @ an vi nyl pyrrolidone. 60. The cont act

| ens of Claim56 wherein said acryllc- cont ai ni ng hydrophilic nononer is
sel ected fromthe group consisting of 2 -hydroxyethyl nethacrylate,

gl ycer ol

36
wherein

z is 1 to 20; and

D is an alkylene group having from 1
to 10 carbon atoms and which may have ether linkages
between carbon atoms.

11. A monomer mix comprising at least one

- polysiloxane-containing monomer as defined in any of

Claims 1-9, and at least one hydrophilic monomer.

12. The monomer mix of Claim'll , wherein said
monomer mix further comprises at least one additional
siloxane~containing monomer.

13. The monomer mix of Claim 1l or Claim 12,
wherein said monomer mix further comprises at least one
initiator or at least one crosslinking agent.

14, The monomer mix of any one of Claims 11-13,
wherein said hydrophilic monomer .is a vinyl-containing or
acrylic-containing monomer.

15. The monomer mix of Claim .}4, wherein said
vinyl-containing hydrophilic monomer is selected from
N-vinyl-N-methyl acetamide, N-vinyl-N-ethyl acetamide,
N-vinyl-N-~ethyl formamide, N-vinyl-formamide and N-vinyl
pyrrolidone, and wherein said acrylic-containing
hydrophilic monomer is séiected from 2-hydroxyethyl
methacrylate, glycerol méthacrylate, 2-hydroxyethyl
methacrylamide, methacrylic acid, acrylic acid and
N,N-dimethylacrylamide.

16.. The monomer mix of any one of Claims 11-15,
wherein said monomer mix comprises more than one

REPLACEMENT SHEET
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. 51 nethacryl ate, Z-WWWyI am de, nmethacrylic acid, acrylic

aﬁie(rjefiﬂdsgli, yg%ﬁ%?:lmnwﬂ"!mﬂ“ﬂm 61. The contact lens of Claim48
POlyy

( f | S a hydrogel. 62. The cont act
| ens of Cl aim55 wherdin¢sal zation product is a hydrogel.

= .f; 37 .
17. The monomer mix of Claim 16, wherein said

hydrophilic monomers are N,N-dimethyl acrylamide and
N-vinyl pyrrolidone.

18. The monomer mix of any one of Claims 11-17,
wherein said polysiloxane-containing monomer with a polar
fluorinated side group is present in an amount of from
10-85% by weight. '

19. The monomer mix of Claim 18, wherein said
amount is from 20-70% by weight.

20. The monomer mix of Claim 19, wherein said

amount is from 25-40% by weight.

21. A method of making a fluorinated polysiloxane-
containing polymer comprising the steps of (a) providing
a monomer mix as claimed in any one of Claims 11420'and
(b) curing said monomer mix.

22. . A polymerization product comprising at least
one polysiloxane-containing monomer which comprises a
polar fluorinated side group having a hydrogen atom
attached to the terminal difluoro-substituted carbon atom
and at least one hydrophilic monomer, said fluorinated
side group having the general schematic representation:

-D- (CF,) ,H

wherein

z is 1 to 20; and

D is an alkylene group having 1 to 10 carbon
atoms and which may have ether linkages between carbon

atoms.
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23. A polymerization product of Claim 22, wherein

said polysiloxane-containing monomer is as defined in any

one of Claims 1-9.

24. A polymerization product comprising a monomer
mix as defined in any one of Claims 11-20.

25. The polymerization product of any one of Claims
22-24, wherein said polymerization product is a hydrogel.

26. A contact lens made from a polymerization
product as defined in any one of Claims 22-25.

U
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