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FµJOBOSILICON;: HYDROGELS 

BACKGROUND OF THE INVENTION 

Eield of tbe Invention 

The present invention relates to novel pol~eric 

compositions and mora particularly to contact lenses ~ade 

therefrom. The invention further particularly relates to 

polysiloxane-containin9 monomers having at 1east one pclar 

fluorinated side chain. The ~ono~ers described herein can be 

used to :make ••hard" er ••softH contact lenses, intraocular 

implants, as. well as other prostheses, and more particularly 

"soft" hydrogel contact lenses. 

Background 

Xn the field of contact lenses, various factors must 

colnbine to yield a material that has appropriate. 

characteristics. Oxyqen permeability, wettability, =aterial 

strenqth 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 oxyqen supply ex~lusively froB 

contact with the atmosphere, good oxygen permeability is ~ 

critical characteristic for any contact lens material. 

Wettability also is important in that, if the lens is not 
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sufficiently wettable, it does not remain lul:>rieated and 

1:herefcre cannot be worn cODfortably in the eye. The optimum 

oontact 1ens wou1d therefore, have both exce1lent oxygen 

permeability, and excellent tear fluid wettability. 

Polysilaxane materials are usetul saterials for sakinq 

oontact lenses due tc, amons other properties, their excellent 

oxygen per:mea~ility. See u.s. Patent Nos. 4,153,641 and 

4,189,546. However polysiloxanes are qenerally hydrophobic. 

certain hydrophilic functional groups say pe attached to 

polysiloxane-eontaining •onomers, or prepolyJDers to i~prove 

~heir wettability. See u.s. Patent Nos. 4,260,725 and 

4,259,467. However, many hydrophilic comonoDers a~e known to 

be incompatible with the polysiloxane •onomers in 'the monomer 

mix, and require the presence of solUbilizers and 

compatibilizers for the •onomer mix proper1y polyuieri~e. 

Without such compatibilizers, the copOlJlller may ~ot polYJ!lerize 

at all, riskinq varying degrees of phase ~eparation which 

renders the polymerized material opaque. 

xn addition ta oxygen pel:1neab1lity, wettabi~ity ahd 

compatibility requi~ements, oontact lens materials must resist 

deposits. Selne polysiloxane materials tend to accumulate 

deposits. Fluorinating certain pclysiloxanes monomers is 

known -to i:xaprgve deposit resistance. See. for exalllple tJ. s. 
Pat.e1'1t. Ncns. 4,ol40 1 91.8, 41,990,!12, 4,!!<l,!587, 9,0'71,S19 and 

s,010,141. 
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Fluorinated polys~loxanes with useful properties for non-. . 
hydroge..L contact. l.t:U'ioeo 11.z-o cU.cc1011:cad ~ n n. s. · Patent Nos • .. 
4,&10,764 and 5,142,009. xn further experimentation with 

these materials, it was dete:rmined that a hydrogel havinq the 

oxygen permeability advantages imparted by the ailoxane c;roup, 

and the 1ipid resistance imparted by the fluorinated groups 

would be particularly advan~aqeous. However, because the 

fluorinated polysiloxane monomers are difficult to solllbilize 

in the hydrophilic monomers used, it is diffiClllt to make 

viable hydrogal tormulations for contact 1enses usinq this 

approach. :If co?Qotiomex-s are not sufficiently soluble in one 

another, phase separation will occur rendering the polymerized 

material opaque. SUch a result ·is not desirable for a 

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

compatibili~ers or solubilizers such as aethyl ethyl 

ketone (MEX} have been used to ;et certain f1uorinated 

ailoxane-containing monomers into solution to foJ:'lll f i1~s or 

lenses. Bowever, such salubilizer$ and compatibilizers often 

affect purity and must be extracted frOJll the resulting 

polymer. such extraction requires additional p~ocessing 

steps. Further, if there is a large difference in polarity 

between the siloxane-containin~ •ono~er and the hydrophilic 

monomer, even the presence of solubilizers such as MER will 

not keep the comonomers in solution. 
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~herefore, a hydrolytically stable pol}'l\l.eric system 

coMprising the bene£ita .of polyRi1cxane-containinq mono~ers 

for oxy9en permea.bili~y and 311.aterial strenqth, and fluorinated 

side-groups for resistance without use cf compatil::>ili~ers or 
. 

solubilizers vouia be c~ great advantage for a hYdro9el 

foX'Jllulation. 

SUMMARY OP' THE INVENTI:ON 

It has now been discovered that the compatibility and 

sol\lbility of :fluorinated polysiloxanes in hydrophilic 

c01D.on0Mers can be greatly improved by attaching to a siioxane 

gl:'oup i~ a polysilo~ane-containing mono•er, a po1ar 

fluorinated graft or side t;JrOUp having a hydroqen ate~ 

attached to a terminal difluoro-aubstituted carbon atoM. When 

this hydrogen atom is present on the terminal dif luorinated 

carbon atom, the fluorinated polysiloxane is rendered solllble 

in hydrophilic ccmonomers to such an extent that no additional 
. . 

compatibilizing or solubi+izing aqents are needed. When the 

terminal hydrogen atom is replaced with a ~luoro g-roup, the 

so1ubility is drastically affeot.ed such that the hydrophilic 

comono~ers are inaoluble in the fully fluorinated siloxane-

containin9 monomer. 
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t>E'l'AJ:LED DESCRIPTION O:f '1'HE XNVEN'l':ION 

~he fluorinated polysiloxane-containing aonomers 

disclosed herein aurprisinqly display outstanding 

C0111Patibility by being hi9hly sol~le in various hydrophilic 

compounds, sueh as N-Yinyl pyrrolidone (NVP) and N,N-dimethyl 

acrylamide (DMA), without the need for additional 

compatibilizers or soluhilizers. 

As used herein, the term "side qroup" refers to any chain 

branching from a siloxane qroup, and »ay be & side chain when 

the siloxane is in the backbone ot the polymeric structure. 

When the siloxane group is not in the .backbone, the 

~luorinated strand or chain which ~ranches out from the 

siloxane group becomes a side chain off of the silaxane side 

chain. 

'l'be "terminal" carbon atom refers to the carbon atom 

located at a position furthe$t frOlll the siloxane group to 

whic:h the fluprinated strand, or side group is attaohed. 

It was disco~ered and is disclosed herein that When the 

polar fluorinated group, -CCF2)zH, i? ~laced at the end of a 

side group attached to a siloxane•containing monomer, the 

entire siloxane DOnomer to which the side group is attached is 

rendered highly soluble in hydrophilic llloncnae.r:t1, auc::h o.~ 1-lVP­

When tl1~ hy4rog•n atom in the terminal flucrinated carbon atom 
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is replaced with a fluoro group, the siloxane•containin9 

monomer is siqnificantly less soluble, or not soluble at all 

in the bydrophi1ic ~onomer present. 

Xn one em?;>odi:ment af the present invention, f1uorinated 

si1oxane-con~ainin9 ~onomers are disclosed having at least onQ 

~luorinated side 9roup, said side group having the gene~al 

schel!latic representation CI); 

J:. 

-D-(CF2)zH 

wherein 
~ is 1 to 20: and 

D is an a1kyl or alkylene qroup havinq 1 to 10 carbon 

atoms and which may have ether linkaqes between carbon 

atoms. 

In a further embodi~ent, the fluorinated siloxane­

containing •onomers have at least one fluorinated side qroup 

and have a moiety of the following ~eneral schematic 

representation (XI): 

lI. 

wherein: 
D is an a1kyl or alkylene group having 1 to 10 carbon 

atOJD.s and 11hioh ••Y have &ther 1inkeqes between carbon atoms; 
x is ~ 01 

y is ~ l~ 
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x + y • 2 to 1000: and 

z is l. to 20. 

More preferred are the fluorinated si1oxane-containing 

nono~ers having the following general $Chematic representation 

(:I:II) : 

R3 
I 

R1 
l 

J::CI • [O-Si]x -
I 

[O-Si)y -
' 

R -A 

ll4 Rs 

wherein: 

R is an aiky1 or alkylene 9roup having 1 to 10 car~on 

atoms and which 11ay have ether linkages between carbon ato=s~ 

R1-R4 may independently Qe a monovalent hydrocarbon 

radical or a ha.lo~en sUl:lstituted lJIOna~alent hydrocarbon 

radical ha~ing 1 to 1e· carbon atOlDs which may have et:her 

1inkages between carbon atOllls: 

X is ~ O; 

y is ~ l.: 

x + y = 2 to 1000: and 

z is l. to 20: and 

Rs is a fluorinated side chain havinq the general 

schel!latio representation: 

- D - (CF2)z - H 

vherein z is 1 to 2·0; 

D is an alkyl or alky1ene ;roup having l to 10 earbon 

atoms and which 11ay have ether linkages betw~en carbon ato~~; 

and 
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A is en activated unsaturated 9roup, auch as an ester or 

alllide of an acrylic: or a 111ethacrylic ae;i.d or is a group· 

represented by the general fo:rmula: 

wherein 

Y is -o-, ~$~ or -NH-: 

Preferably, tbe f1uorin~ted side qroup is representea by 

the formula: 

where 

z is 1 to 20. 

One preferr•d fluorinated siloxane-containing monomer. is 

prepared according to the foilowing reaction scheme: 

(pt complex) + l 
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where y is 10, 25 and 40; 

x + y is 1001 and 

:t is 4 ar 6 

Xn still a further embodiment of the present invention, 

the fluorinated siloxane-cont~inin9 monomers are fluorinated 

~Ulky polysiloxanylalkyl (metb)aerylate monomers representeo 

by the general sehematic representation: 

Wherein 

R6 
I 

A-R-Si-[O-Si-D-(CF2)4-HJ~ 

Et-~~: 
A is an activated unsaturated qroup, such 

amide of an acrylic or a aethacrylic acid: 

A6 is CH3 or H: 

as an ester or 

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

at01ns and which may bave ether linkages b~twe~n carbon atoms; 

D is an alkyl or alky1ene 9roup havinq 1 to 10 carbon 

atoms and Which may have ether linkaqes between carbon at01D.s; 

x is 1, 2 ar 3: 

y is o, 1, or 21 and 

:x + y .... 3. 

Also preferred are the £luarinated bulky 

polysiloxanylalkyl •onomers of the foliovin9 fo:rlllula; 
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CH3 . \ 
CH2=C-C{O)-O-(R7)3-Si-[O-Si(CH3)2-(R7)3-0-CH2-(CF2)4-H]x ' . 

. [O-Si-(CH3) J>y 

Wherein 

R7 is CH2: ahd 

x is 1, 2 or 3r 

y is o, 1 or 2, and 

x + y ... 3. 

The fluorinated polysiloxane-containinq monoDers of the 

present invention combine the desirable features of lc%1own 

hydrophilic side chain polysiloxanes, such as relative 

compatibility with hydrophilic monomers, with ilnproved deposit 

resistance from the fluorinated group. Desired properties of 

the lenses may be ~ffected and controlled. For example, by 

altering the relative ratio of the comonomers (the 

aforementioned fluorinated polysiloxane monomer tc the 

hydrophilic monomer or mon01Ders), certain hydrogel 

eharaQteristics in the polYJDerized fluorinated polysiloxane 

copolymer J11ay'be altered. 

~he relative softness or hardness of the contact lenses 

fabricated from t:he resulting- polyinars of this invention can 

l:>e varied by decreasing or increasing the molecul~r weiqht of 

the polysiloxane monomer end-capped with the ac:tivated 

unsaturated C1X'OUp o:r by va:ryin9 the percent of the c0111011omers 
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present. Generally, as the ratio of palysiloxane units to 

end-cap units ~nereases, the ~g£tne~s of the mata~~a1 

increases. 

The present invention contemplates "l:he use of the 

fluOl:'inated pol.ysil.o:xane monOlller for both "ha.rd" and "aofttt 

contact lenses, the disclosed forlll'Ulations are thouqht to be 

especially useful as "soft'1 hydr09el contact leinses. A lens 

is considered to be 11soft" if it c:an be folded back upon 

itse1f without breaking. 

A hydroqel is a hydrated cross-linked polymeric system 

tbat contains Water in an equilibri\Ull state. Silicone 

hydrogels (i.e., hydrogels containing silicone) are usually 

prepared by polymerizing a •ixt.ure containinq at least one 

silicone-containing ~onomer and at least one hydrophilic 

monomer. Either the silicone-containing monCllle.r or the 

hydrophilic monomer •ay function as a c~ossli:nkirig agent (a 

~rosslinker), ~einq defined as a monOJD.er having multip1e 

polymeri~able £unctionalities. Uternatively·, an additional 

erQsslinker may be employ~. 

When the term nactivai:ed" is used with the teX111 

•unsaturated qroup" herein, it is meant that an unsaturated 

;roup which is activated is one which has a sUbstitu~nt which 

£acilitates free ~~di~al polymeri~atio~. These activated 

unsaturated ~oups are po:J;ymerizecl to f"orm the polymex-s of the 

11 
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present inventioh. Preferably the activating groups lend 

themselves to polYJllerization .,µlder mild conditions, such as, 

ambient temperatures. 

When the tern "po1ymerizat5,.on" is usecl herein we ref er to 

the polyia.eriz~tion of the 4ouble bonds of the polysiloxanes 

endcapped with pol}'laeri~able unsaturated groups which results 

in a grosslinked three dimensional network. 

Further, notations such as "(111eth}acrylate" or 

"(meth)acrylamide" a.re used herein tc;i Cenote optional nethyl 

substitution. Thus, for exa111Ple, (meth)ac:t:ylate includes both 

acrylate and methacrylate and N-alkyl(meth}aczrlamide includes 

bath N-alkyl acryl.amide and N-alkyl 111ethaeeyla.mide. 

'l'.n.e terJn 11prepa1ymer" denotes a monOJllar which :may ba a 

biqh molecular weight monomer containing at least two 

polymerizable groups. The mcncmiers added to the monomeric 

mixture of the present invention may be monomers or 

prepolymers. Thus, it is ttnderstood t:hat the terms "silic:one­

containing monomers" and 11hydrophilic monomers" incl'Qde 

correspondinQ prepolymers. Examples of sueh mono~ers can pe 

found in u.s. patent Nos. 4,136,2501 4,1S3,64l.r 4,74D,533J 

5r034,461 and 5,070,21.5. 

The te?:1D.s •shaped articles fer U$e in biomedical 

appl.icati.ons" or "l::lio?llediccl Clevicasi or 211at11tria1s 11 mean the 
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hydrogel materials disclosed herein have physicochemical 

properties rendering them suitable for prolonqed contact with 

living tissue, blood ana the JDucous :membranes. 

The monomers of the present invention can be used to 

produce hiqhly wettable hydrogels with ideal rigidity, oxygen 

pe:rmeabi11ty ana other physical properties. such si1icone­

containing hydrogels are well-suited £or, use as biomedical 

devices such as contact lenses. 

Certain crosslinked polYJlleric materials, such as those 

conte"JD.plated by the present invention, may b~ polymeri2e~ to 

fonn a hard wate~-free xerosel. xerogels a~e understood to be 

unhyd~ated hydrogel £o%111Ulations whieh may be physically 

altered to, for example, impart optical properties through 

aachining, and then be hydrated and retain their water content 

and optical properties. 

Preferred acrylic-capped polysiloxane ~onomers of the 

present invention are these having from about 1 ta about 200 

repeating siloxy units, and most prefer~ly have about 100 

repeating siloxy units. 

The f1ucrinated bulky polysiloxanylalkyl (~eth)aerylate­

containing Donomers of the preaent invention are excellent 

materials £or use with :both "bard" ana "soft" systelns which 

aay or zay not be hydroqels. The preferr~d bulky 
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polysiloxanylalkyl (metb)acrylate containing mono•ers are, for 

exaJDple, 111ethacry1oxypropyl tris(octafluoropentyl­

oxypropyldimethylsiloxy)silanes. 

Tbe preferred fluorinated nide qroups are the alk:yl 

fluorinated side chains, suph as the 

propyloxyoctaf1uoropentanes, the prcpyloxytetrafluoropropanes 

and the propyloxyclodecabepta.nes, with the propyloxy 

octafluoropentanes being ~e zost preferx-ed. 

The present invention conteinplates, in one preferred 

embodiment, poly:meri21in9, in a monct11.er 111ix, l!lore than one type 

of polysiloxane 111ono~er, one bf which has at least one polar 

fluorinated siloxane-containing monomer, with at least two 

hydrophilic Donomers to produce a contact lens material. 

Additional hyclrophilic inonOlllers 111ay be incorporated into 

the polymeric compositions contemplated by the p~esent 

invention to £o:rlll hydroqels. such preferr~d hydrophilic 

~onomers •ay be either acry1ic- or vinyl-~ontaininq and may be 

used as crosslinldraq ag-ents. The te::on "ViJ:IYl-type" or 11viny1-

con~aininq" •OnOJDers refers to non-ac:rylic moncrmars oantainin9 

the vinyl qroupinq (Cl!2-ca2>· Such hydrophilic vinyl­

containin9 monomers are known to polymerize relatively easily. 

•Ac:rylic-type'' or 1'acrylic-c:cmta.ininq" monomers are those 

monomers containing the acrylic qroup (CH2~~CX) wherein R is 
ll 

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

- 14 -
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Preferred hydrophilic vinyl-containinq monomers which may 

be. incorporated into the hydrogels of the present i.nventio:n 

in=lude monomers such as N-vinyl lac:tams (e.g. N-vinyl· 

pyrrolidone {NVP)), N-vinyl-N-Dethyl acetamide, N-vinyl-N­

ethyl acetamider N-vinyl-N-ethyl for:malllide, B-vinyl form.amide, 

with HVP being the 111ost preferred. 

Preferred hydrophilic ac?:ylic-containing monomers which 

lllaY be incorporated into the hydrogel of the present invention 

include hydrophilic 111ano111ers sudl as N,N-dimethyl acrylamide 

CDMA), 2-hydroxyethyl methacrylate, glycerol methacrylate, 2-

hydroxyethyl methacrylamide, methacrylic acid and acrylic 

acid, with DMA being the most p~eferred. 

~he relative ~atio (wt. %) of siloxane-conta"ining J11.onOJ11er 

to total. wt. % of comcn01ner :mi:x is :preferably fro1D ~out l.Olli 

to about 85%, more preferably from about 20% to _about 70%, and 

Dost prefe~al:>ly %rem abou~ 2~% ~o a.bout 40%. ThA relative 

ratio (wt. %) of hydrophilic monomer(s) to t6tal wt. t of the 

calltonomer mix ia preferably from abo~t 20% to about 90,, _more 

preferably from about 30t to about BO%, and most preferably 

%rolll about 50% to about 60%. 

~he preferred silicone-~ontaining vinyi carbonate or 

vinyl car~amate 111ona~ers incl~de: 1,l-bis[4-

vinyloxycarbonyloxy)but-1-yl]tetramethyl-disiloxane; 3-

- 15 -
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(trimethylsilyl)propyl vinyl carbonat~; 3-

(vinylo~carbonyltt:iio)~~opyl-[tris(trimethylsiloxy) silane] 1 3-

[tris(triJnethyisiloxy)silyl) propyl vinyl carbamate: 3-
. 

[tris(trimetbylsiloxy)silyl] propyl allyl carbamate1 3-

(t.ris(triDethylsiloxy)silyl]propyl vinyl carbonatei t­

butyldimethylsiloxyethyl vinyl carbonate; triuetbylsilylethyl 

vinyl carbonate: tri•etbylsilylmethyl vinyl carbonate; al'ld 

11V2D25 11 as shown in the :followinq fonn1la: 

CH3 CH3 CH3 
. \ ' t 

CH2=CH-OCO-(CH2)4~s1-o---si-o------si-(CHi)4-0CO-c:H=CH2 
H ' l I II 
0 ~ x ~3 0 

' (CF2)z-H .25 

wherein 

X 1s an a.l.:k.yl. UJ. cl.k;yl.e.nc ~oup hav.i.:ng l. t-n "\ n carbon 

atous and whieh may have ether linkages between carbon atoss; 

and 

z is 1 to 20. 

When it is desirable for both an aerylic~containinq 

hydrophilic monomer and a vinyl-containing hydrophilic "aona>:o.er 

to ~e incorporated into the silicone-containing poly.mer o~ the 

present invention, a further crosslinking aqent havinq 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 
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•ethacryloxyethyl vinyl car~onate (HEHA~c) and 

~etJ?.acryloylethyl vinyl carba~ate , which facilitate the 

copolY111erization of the comono~ers and are the subject of 

presently co-pending and commonly assigned u.s. Patent· 

Application No. 07/922,452 filed July JO, 1992. such 

cross1inkers are ~epresentea by the follo~ing sch$matic 

representation: . 

A'a 
' 
RJ.l 

/' ' Ss Vv 

wherein 

v denotes a vinyl-containing qroup hevinq the formula: 

Ri3 R14 
'\. / 

C=C 

/ ' R12 x-c-Y .. 
Jf 
0 ; 

A' denotes an acrylic-containing group having the 

formula: 

:Ris R16 ' / C==C 
/ \ 

-z-c :R17 
fl 
0 : 
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S denotes a styrene-containing group having the fonnula: 

'R1s R19 

' / O=C. 
/ \ 

ll20 Q- . • 

wherein 

R11 is an alkyl radical derived from substituted and 

unsubstituted hydrocarbons, polyalkylene oxide, 

poly(perf1uoro) alltylene oxide,- dialkyl-capped 

polydimethylsiloxane, dialkyl-capped polydimethylsiloxane 

modified with fluoroalkyl er fluoroet:her grcupsr 

R12-R2o are independently H, or alkyl cf l to s carbon 

atoms: 

Q is an organic cp:oup containing aromatic 1Doieties having 

6-30 carbon atOJ11s; 

x, Y, and z are indepenaently o, ira or S; 

v is l, or higher; and 

a, s are independently qreater than er equal to O, and 

a + s is qreater than or equal to l. 

Such cross1inkers help to renQer the resultinq copolyzar 

t:otally uv-eu:;-able. However, 'the copolYl!lar could al.so be 

cured sole1y by heating, or with a colllbined l1V and heat 

regilnen. "1'herei'ore, it is unde:rstooa that the neceasary photo 

and therDal initiator$ rel;[\1.ired to cure the copolYl!l-er JllaY be 

comprised therein as would be apparent to those skilled in the 

art. 
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Other crosslinking agents which may be incorporated into 

the silicone-containing hydroqel of the present invention 

include pclyvinylr typically di- or tri-vinyl.~ono~ers, aost 

COJllJllCnly i:he di- or tri(metb)acxylates of dihydric ethylene 

glycol, triethylene glycol, butylene qlyco1, hexane-1,6-diol, 

thio-diethylene glycol-diacrylate and methacrylater neopentyl 

glycol diacrylate: trimethylolpropane triacrylate and the 

1ike; N,N'-dihydroxyethylene-bisacrylamide and -

bismethacrylamides; also ~iallyl compounds like diallyl 

phthalate and triallyl eyanurate: divinylbenzene: ethylene 

glycol divinyl ether; and the (meth)acrylate esters cf polyols 

aucn as triethano1aain•, 9lycerol. pentanerythritol, butylene 

glycol, -.annitol, and sorbitol. Further, illustrations 

include N,N-methylene-bis-(•eth)acrylamide, sulfonated 

divinylben~ene, and divinylsulfone. Also usefUl. are the 

reaction products of hydroxyalkyl (m&th)acrylates ~ith 

unsaturated isoc:yanates, for exmnple the reaction proau~t of 

2-hydroxyethyl 'Jlletbacrylate vith 2-isoc:yanat~ethyl 

'JllathacrylAte (XEM) as disclosed in u.s. Patent No. 4,954,587. 

Other Jcnown crosslinking a;ents are polyether­

bisuretbane-cU111etbacryla.tes as described i.n u.s. Patent No. 

4,192,827, and those crosslinkers obtained ~Y reaction ot 

polyethylene glycol, polypropylene ~lycol and 

polytetramethylene glycol with 2-isocyanatoethyl meth~crylate 

(IEM) or m-isopropenyl- l. ~ ,•dimethylbenzyl isocy~nates (m­

TMI), and pblysiloxane-bisurethane-dimethac?:ylates as 
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described in u.s. Patent Nos. 4,486,577 and 4,605,712. Still 

other known crosslinkin9 agents are the reaction produ~ts of 

polyviny1 ~lcohol, et.hoxyiated po1yv1nyl aicohol or cf 

polyvinyl alcohol-co-ethylene with 0.1 to 10 ~ol % vinyl 

isocyanates 1ike XEM or m-'l'MI. 

The instant copolymers can be readily cured to cast 

shapes by conventional ~ethods such as UV polYDerization, use 

of free radical thermal initiators or heat, or combinations 

the~eof, as colDmonly used in polymeri2in9 ethylenically 

1.lnsaturated co~pounds. Representative free radical thel:'Jllal 

polymerization initiators are organic peroxides, such aa 

acetal peroxide, la~royl peroxide, decanoyl peroxide, stearoyl 

~c~ox16c, buu~uyi perox~ae ~er~1aryDutyl peroxypivalate, 

peroxydicarbonate, and the like, employed in a concentration 

of about 0.01 to 1 percent by weiqht of tl:le total monomer 

mixture. Representative UV initiators are those.kno"7n in the 

field such as, benzoin Detbyl ether, benzoin ethyl ether, 

Daroc:ure 1173, 1164, 2273, 1116 •. 2959, 3331 (EM Industries) 

and Igracure 651 and 184 (Ci~a-Geigy), 

Zn addition to the above-mentioned polynierization 

initiators and crosslinking agents, the ~onomeric mix and 

resultin9 copolyme~ o~ the p~esent invention may also include 

additional lllateria1s such as colorants, tpughenin9 aqents, uv­

absorbing agents and othcir materials such as those known in 

the c~ntact lens art. 
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The resulting polymers of this invention can be formed. 

into contact lenses by the spincasting proeesses such as those 

disclosed in u.s. Pat. Nas~ 3,40B,429 attd 3,496,254 and other 

c011ventional •ethods, such as co~pression ~olding as disclosed 

in U.S. Pat. Nos. 4 1 084,459 and 4,197,266. 

Polymerization may be conducted either in a spinning 

mold, or a stationary •old' 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 ~ay be congucted 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.9., cut or 

polished via lathe er laser) to qive a contact lens having a 

desired shape. 

The hydro9els produ~ed by the present invention are 

oxyqen transportinq, bydrolytically stable, biological1y 

inert, and transparent. 'l'he •onomers and copolymers employed 

in accordance with this invention, are readily polymerized to 

form three dimensional networks ~hich pet:mit the transport of 

oxyqen and are optically clear, strong and hydrophilic. 

The present invention provides ~aterials which can be 

.us~tully employed for the fabrication of prostheses such as 

heart valves and intraocular lenses, as optical contact lenses 
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er as films. More particula~ly, the present invention 

concerns contact lenses. 

. . 
~he present invention further provides ·articles of 

aanutacture which can be used for biomedical devices, such as, 

surgical devices, heart valves, vessel substitutes, 

intraut.erine devic:es, melDhranes and other fil.ms, diaphrag111s, 

surgical i.lllplants, blood vessels, artificial ureters, 

art~fieia1 breast tissue and De:mbranes intended to co•e into 

contaet with body fluid outside of the body, e.g., ncmbranes 

for kidney dialysis and heart/lung •achines and t:.be like, 

catheters, mo~th quards, denture liner~, intraocular devices, 

and especially contact lenses. 

It is known t:hat blood, for ex~ple, is readily and 

rapidly dzunaged when it comes ~nto contact with al:'tificial 

surfaces. ~he design of a synthetic surface whieh is 

antithrombogenic and nonhemolytic to blood is necessary for 

p~osthe?es atid devices used with blood. 

~e followin9 exa:mples serve only to further illustrate 

aspects of the present invention and should not ~e construed 

as ii.l:llitinq the in~ention. 
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EXAMPLE 1 

Pr@paration of allyloxyoc:taf}uoropentane 

!'a a three-neck round bcttom flask equipped with a 

:mec::banical stirreJ:" and thermOJDel:.er is added allyl bro:mide 

(16.9 g, 0.14 ~ole}, octafluoro-1-pentanol (27.2 g, 0.1 mole), 

tetrabutylamnonium hydrogen sulfate· (1.7 g, o.oos mole), 10 

:ml.s of 50' sodium hydroxide ana 125 mls. of tetrahydrofuran. 

The reaction shown below is complete fol1cwing six hours of 

refl\lX (70 de9rees C) as determined by GC. The resultant 

solution ~s washea two tllzies with distilled water. The 

product layer is collected and distilled (68 degrees C/JOlllJll) 

to give 31 gralllS (70%) yield of allyloxyootafluoropentane. 

+ 

l Pl'C (~sot NaOU) 

H-(CF2)z-CH2-0-CB2-CH~CH2 

Wl1en 2 is 4 and 6, allyloxyoctafluoropentane and 

allyloxydodecafluoropentane side chains are produced 

respectively. 

. . 
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~XAMPLE 2 

Preparation of a DP 100 :m.gthacrylate end-capped poly iS •ole t 
dimethyl siloxane-co-25 mole * methyl silo~ane hydride 
;prepolymer 

~o a 1000 llll rO\llld potto~ flask under dry nitrogen is 

added octalllethylcyclotetrasiloxane (371.9 9, 1.25 l!lale), 

tetramethylcyclotetrasiloxane (100.4 g, 0.42 mole) and 1-J, 

bis-methacryloylbutyltetralllethyldisiloxane (27.1 9, D.7 mole). 

~rifluoramethane sulfonic acid (0.25% , 1.25 9) is added as 

initiator. The reaction mixture is stirred overnight at room 

temperature. Ten (10) qrams of sodium bicax-bonate is then 

added and the reaction mixture 1$ again stirred overnight. 

The resultant solution is then filtered and placed under high 

vacuum at 50 degrees c to remove the unreacted cyclic 

compounds.· The 111onomer structure is confirmed by 1H-NMR 

spectroscopy. 

EXAMPLE 3 

Freparation_of a DP 100 methac:rylate end-capped nolv 75 mclei 
dimetby1siloxane-co-poly 25 EOle\ metbyl 
octfluoropantyloxypronvl siloxane monomer (Octa-25> 

To a SOOinl. round botto~ flask Ag:uipped with a magnetic 

stirrer afld water con4ens~~. is added 15 q (0.002 ma1e) of the 

silicone hydride =onomer (as prepared in Example l 

2), 27.2 g.(D~l mole) of a1lyloxyoctafluor~pentane (from 

example 2), 2.s mls of tetramethy~disiloxane platinum eo~plex 

- 24 -
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(Buels- Jt Pt in xylene) and 150 mls of anhydrous 

tetrahydrofuran ('rHF) and 75 mls dioxane under dry nitrogen. 

'the reaction mixture as Bhown be1ow is heated to 75 degrees c 
. . 

and the reaction is Donitored by IR spe~troscopy for loss of 
I 
' 

si11cone hydride. Wh-!m the ~!1icone hydride is romoved (3-4 

hours), the reaction mixture is cooled and the unreacted 

allyloxyoctafluoropen~ane is removed by beating the product 

under high vacuum at SO degrees c for one hour. The 211onomer 
I 

structure is confirmed by 1a-NMR spectroscopy. 

+, 

(Pt complex) 1 (Hydrosilation RX) 

CH3 CH3 CH3 CH3 CH3 . CH3 ' ' . .-- \ ' ' CH2=c-c-O-(CH2)4-Si-CP-Si)x-(O-Si)y-o-si-(CH2)4-o-c-C=CH2 
II ' I I ' I ,, 
0 CB3 : CH3 CB2 CM3 o 

' ' CH2 
I I 

H-(CF2)z-CH2-0-CH2-CH=CH2 
where y is 10, 25 and 40: 

I 
x + y is.100: a~d 
zis.4and6 

. i 
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EXAMPLE 4 

Preparation of a methacryloylpropyl trisCdi1!1etby1si1qxylsilane 

Ta a three neck round ~ottom flask equipped with a 

thermometer and magnetic stirre~ is add$d 

methacryloylpropy1trichlorosilane (2.S q, 0.01 mole), 

dimethylchlorosi.lane (6.53 q, 0.069 :mole), triethylamine (7.69 

g, o • 07 6 ia.ol.e) ancl 2 5 1lll s of anhydrous cliethylather. The 

reaction Jlli~ure is coclea to -15 degrees c and distilled 

vater (5 g, o.2a mole) is slowly added. The ~•action is 

allowed to co~e to roo= temperature slowly and the reaction is 

stirred overnight. The resultant solution is washed tl:tree 

ti•es with distilled water. The ether layer is collected, 

dried over •aqneaiwn sul"fate, filtered and the diethylether is 

removed using a rotae.vaporator. The resultant oil is vacuum 

dist111ed (83-93 degrees C/1Jmn) to 9ive a 51.4 % yield of 

97-St pure (as deteXlllined by CC) ~athacry1oylpropyl tris 

(dilllethyl$ilyloxy')silana. 

EXAMPLE 5 

Preparation of a methacrtlgylpropyl tris<oct;atluoropentyloxy­
propylgimethylsilyloxyl silan@ 

To a 200 ml round bottoa flask is added 

methacryloylpropyl tris (dimethylsilyloxy) silane cs.a g,0.013 

11101.e)., allyl.oxyocta.fluoropenta.ne (21.4 g, 0.079 lllole), 0.005 

ml of a ~latinum divinyl complex (Huels) and so JD.ls of 

tetrahydrofuran. ':rile solution is refluxed for one hour at 
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which time the ~ilicone hydride is reacted as shown by 1H-NMR 

spectroscopy. The tetrahydrofuran and unreacted allyloxyocta 

fluorapentane ~s remo]
1
ed using a rot~evaporat~r (5~ degrees c 

at 3DlDlll) resulting in a quantitative yield of 

•ethaCJ:ll'loy~propyl tr s 

(ootafluoropentyloxyp opyldimethylsilyloxy)silane. 

EXAMPLE 6 

octafluor 

All of the lDeehanical 

property evaluation w re prepared usinq the fellowing 

procedure. The films ere cast between silanized glass plates 

using a Teflon gasket. The UV initiator 'Illas Darocur 1173 

(o.st concent~atiob). The cure conditions consisted of 

irradiating the films for two hours with u.v. lamps at an 

intensity of 3700 uW/ 2 Followinq the cure, the ~ilms were 

extracted in 1 overnight at rco~ temperature (300% 

expansion), dried at oom temperatu~e for two hours and boiled 

~or two hours in bu~t The til•s were evaluated 

for mechanicai prope ies, 02 permeabi1ity and hydrolytic 

stability. ic sta~ility test consisted of heating 

the test samples at B deqrees c in buffe~ed s~line and 

'JDonitoring the weight· loss a.t 3, .5 and 7 days. 
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Table. l. 

pe:rmeability 

methacrylate 

dimethylacry1a:mide ( 

elrtr~ctab1e, wat4iar co"tent, o~ 

nical data for fillDS cast froM the DP100 

mole % octafluoro .(octa-25) with 

) • No co.-solvent tiras needed to. 

solubilize the co•ponents. "lhe:films were transparent. 

Table 1 
Extrao:table, Water Co tent, oxygen Permeability and Mec:ha.nical 

Data for octafl oro Siloxane/OMA Based Formulations 

Mix .\Extract. DX Modulus u:1on9. Tensile Tear 

100/0 ll.97 530 55 40 18 l.S 
90/10 s.57 39., 188 38 48 l..S 
80/20 7·.24 223 219 34 48 3.3 
75/25 6.80 134 222 29 44 4.1 
70/30 s.?s 138 210 63 68 3. l. 

EXAMPLE 7 

w"t.h 

.Forl!lulations were prepared form 70 parts cf a DP 100 

methacrylate eno-cappe polydimethylsiloxane with 30 parts of 

DMA. !rhe formulation ave a phase separated mixture.. The 

polydimethylsiloxane a d DMA were incompatible. No attempt to 

cast fi1'DIS fr0111 this m xture was made. In addition, soiutiohs 

we~e prepared from a D~ 100 •ethacrylate end-capped 

polydi>lethylsi1oxane ~ining 25 mole % nonafiuo~o si<\e 

chain, (i.e. the term.ifal -cF2-B bond was replaced with a 

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

- 28 -
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A phase separat~d mixture resulted. The DMA and polysiloxane 

wer~ incompatible. No attEUnpt was •ade to cast films frOl'll 

tllis mixture. 

EXAMPLE 8 

Film Data - Fluorosilpxan~/QMAfYDMO 

Table 2 shows the extrac::t:able, water content, 02 

per:meabi1ity and mechanical property data for films prepared 

fro• the DP100 metbacrylate end-capped 25 mole % 

octafluorosiloxane with DMA and vihyldi~ethyloxazolidinone 

(VDMO) as the hydrophilic monomers. All of the films prepared 

were transparent. 

Table 2 

25 mole % O~tafluorosiloxane/DMA/VDMO Formulation Properties 

Mix %Extract. %Water DK Modulus tElon9. Terisile Tear 

70/30 5.8 34 145 180 40 47 3.1 
70/30/1 6.4 33 132 l.56 39 37 2.9 
70/30/3 S.9 37 102 106 36 22 2.5 
70/30/S s.o 42 66 103 50 30 2.6 

.EXAMPLE 9 

film Data - Fluo~osiloxane/TR.~S/PMAINYP 

Tables 3 and 4 show the extractable, water content, o2 

permeability and mechanical property data for films east from 

the 25 mole' oct~fluoros~loxane.witb methacryloxy propyl 
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tris(trimethyisiloxy)s11ane (TRIS), DMA and N­

vinylpyrrolidinone (NVP)-

Table 3 

25 mole t octafluorosi1oxane/TRIS/DMA/NVP Forniulation 

Properties 

Mix 'water DK Modulus 'l'ear 

80/0/20/0 17 186 1.55 1.8 
8"0/0/15/5 17 2l.2 170 2.4 
80/0/10/10 15 183 195 l.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.s 
75/0/5/25 24 160 179 1.4 
40/10/10/ 4 0 52 52 71 2.3 

Table 4 

25 mole % octafluorosiloxane/TRJ:S/I>MA/NvP/EGDMA Formulation 

Properties 

Mix %Water. 
41 
46 

DI( 
65 
63 
81 
76 

Modulus 
50/0/10/ 40/0. 2 
4 0/10/10/ 4 0/ 0. 2 
25/25/10/40/0.2 
10/40/10/40/0-2 

51 
54 

All formulations cont~in 20 ~~rts hexanol. 

EGDMA is ethylene qlycol dimathacrylate. 

EXAMPLE 10 

Film Data - ~~is-FluorgsiloXAne/DMA 

171 
SJ 
32 
20 

'l'ear 
2.4 
2.3 
4.5 
9.2 

~il•s were cast f~om the octafluoro substituted t~is 

Detha~ry1ate {as prepar~d in-Example 5) using DMA as a 
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comonomer. A 70/30 octafluoro dUbstituted tris 

methacrylate/DMA formulation .possessed a water eontent of 25 

t, a Dk of 42, a modulus of 107 g/mm2 , and a tear strenqth of 

3.7 9/11Jm. Xb addition, films were also cast £rem the · 

oetafluoro substituted tris uethacrylate and NVP mixtures. 

~be resultant films were transparent without the presence of a 

cosolvent in the monomer mix. A 10/30/0.5 octafluoro 

~WJa~i~u~oa triA methacrylate/NVP/EGDMA formulation has a 

water content of 25 %, a Dk of 45, a modulus of 107 9/mma and 

a tear strength of 3.i g/bU!l. 

EXAMPLE 11 

Cf!st Molding of Octafluorosiloxane Ba§ed t.enses 

Lenses were cast usinq the DP 100 methacrylate end-capped 

25 mole % octafluoro side chain siloxane/DMA/Darocur il73 

(70/30/0.5) £ormulation using the c:ure conditions listed in 

ExelaJ>le s. 'l'he overall yield of c::oS111etically acceptable 

lense~ was 40t. Following a 2-propancl and buffered saline 

"'-"t~A••Lon, ~hP. resultant ienses showed exce1lent vettability. 

All formulations further contained 2u parts hoxo.nol. 

Bydroxyethyl methacrylate vinyl carbonate CHEMAVC) and 

ethylene diglycol methacrylate (EDGMA) are used as 

crcsslinld.n9 aqents. 
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Many other D6dif ications and variations of the present 

invent1on are pos~ible to the skilled practitioner in ~he 

field in 1iqht of the teaehings herein. Xt ~s therefore 

understood that, withi.n the scope of the claims, the present 

imtention can be practiced other than as herein specifically 

described. 
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We Claim: 

1. A method of improvinq the solubility of a polysiloxane­

containing lll.Onomer in a hydrophilic monomer Which comprises 

attaching to the polysiloxane-containinq monomer a polar 

~luorinated side qroup havinq a hydroqen atom attached to a 

terminal 4ifluoro-sUhstituted carbon atom. 

2. A method of 3ll8.kin9 a fluorinated siloxane-containing 

polyaer comprising the steps of a) prepar!ng a monomer mix 

comprising a siloxane-co~taining monomer to which is attached 

a polar £1uorinated side group having a hydrogsn atom attached 

to a terJ11.inal difluo~o-sut:istituted carbon atom, at least one 

hydrophilic •ontmier, at lea?t one initiator: and b) curing the 

monomer mix of step a). 

3. The 111onDlDer mix of C1aim 2 wherein said polar ~luorinated 

side group has the scheJDatic representation 

Vherein 
~ is 1 to 20; and 

D is an alky1 or alkylene group having 1 to lO carbon 

atoms and which Day have ethex linkages between carbon atoms . 

.33 -· 
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4. The •~thod of Claim 2 wherein said monomer ~ix further 

couprises .at least one crosslinkin9 ~gent. 

5~ The method of Clai~ 2 wherein said siloxana-containinq 

•onOJD.er m~x co'JDprises an additional siloxane-containin9 

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 ~herein the si1oxane-containinq 

monr:nn.er of step a) is co~prised of ~out 100 repeating siloxy 

units. 

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

is COlllprised. of an alkylaJtyperfluoroal.kyl group.· 

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

is se1ected from the group consist.inq of 
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propyloxyoctafluoropentanes, propyloxytetrafluoropropanes, and 

propyloxydodecatiuoroheP.tanes. 

10. The method of Claim s vberein said fluorinated side qroup 

is represented by the formula: 

wherein 

z: is l to 20. 

11. The method of Claira 2 ~herein said mononier aix further 

c0111.prises 111ore than one hydrophilic monomer. 

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

a vinyl-containinq or acrylic-containing monomer. 

13. The method of Claim 12 Wherein said bydrophilic monomers 

are N,N-dimethyl acrylBlD.ide and N-vinyl pyrrolidone. 

14. A siloxane-containinq monomer havinq at least one 

fluorinated side oqroup and havin~ the general schelllatic 

representation: · 
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wherei11: 

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

atoms and which may have e.ther linkages between carbon ato111.s; 

R1-R4 aay independently be a aonovalent hydrocarbon 

~adical or a haloqen substituted ~onovalent hydrocar~on 

radical having 1 to lB carbon atoms which may have ether 

linkages between car~on atomsi 

x is 2:. O; 

y is 2. 1: 

x + y ~ 2 to 1000~ 

Rs is a fluorinated side qroup having tbe general 

schematic representation: 

wherein z is 1 to 20; 

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

atoms and which may have ether linkages between carbon atomsi 

and 

A is an activated unsaturated group, sueh·as an ester or 

amide of ap acry1ic or a methacrylic acid. or is a qroup 

represented by the qeneral formula: 

CH2""'CHO~Y· 
wherein 

Y is·-o-, -s- or -NH-. 
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is. ~he monomer of'ClaiD 14'Wherein saia. fluorinated side 

qr-cup c~prises an alkyloxypertluorcalkyl lj1X'oup. 

16. The ~onoDer of Clai~ 15 wherein said fluorinated side 

group is selected fro~ the qroup consistinq cf 

propyloxyoctafluoropentanes, propyloxytetrafluoropropanes, and 

propyloxydodecaf1uoroheptanes. 

11. The siloxane-containing Donomer of claiD 15 wherein said 

fluorinated side group is represented hy the formula: 

-CH2-CH2-CH2-0-CH2~(CF2)2-H 

wherein 

z is 1 to 20·. 

18. The siloxane-containing DOnc~er of Claim 14 wherein said 

siloxane-containing ~onc:>mer is COlJJPrised of a repeatinq numb~r 

cf :be.tween from al;)out 2 to about 200 siloxy units. 

19. The siloxane~containing Donomer of Claim 14 wherein said 

silcxane•containin9 nono~er is comprised of about 100 

repeating sii~xy units. 
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20. A fluorinated bulky polysilo~anylalkyl ~Meth)acrylate­

containin9 111.onomer havinq the general schematic 
representation: 

wherein 

A is a:n activated unsaturated q%"oup, such as an ester er 

amide of an acrylic or.a aethacrylic acid; 

R6 is CH3 or H; 

R is an alkyl er alkylene qroup having l to 10 carQon 

atoms and whieh 111ay have ether linkages :between carbon atoMs; 

D is an alkyl or alkylen~ group having 1 to 10 carbon 

atOlns and which zay have ether linkages between carbon at01ns: 

x is 1, 2 or 3; 

y is o, 1 or 2; and 

x + y ... J. 

21. A fluorinated l:nllky polysiloxanylalkyl•containin9 111.0noser 

having the formula: 

CH3 

c:H2mC-C(O)-O~(R7)3-Si•[O-Si(CH3}2-(R7)3-0-CH2-(CF2)4-HJx . I . 

(O-Si-(Cli3)3)y 

wherein 
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R.7 is CH21 

x is l, 2 or 31 

y is o, 1 or 2; and 

x + y -= 3. 

22. The aonomer of ClaiB 20 wherein said fluorinated side 

group comprises an alkyloxypertluoroalkYl group. 

23. ~he ~onomer of Claim 22 wherein said fluorinated side 

group is selected £rom.the qroup consisting of 

propyloxyoctafluoropentanes, propyloxytet~afluoropropanes, and 

propyloxydodecafl\1.oroheptanes. 

24. The mon01ner of Claim 22 wherein said fluorinated side 

i;roup is represented by the fa~ula: 

-CB2-CH2-CH2-0-CH2-(CF2)z-H 

wherein 

z is 1 to 20. 

25. A 11tonomer mix cOJDpl:'isinq at least one silaxane-containing 

mobomer which cCll'Aprises a polar fluorinated side qroup havin9 

a hydroqen atom attached to the termihal d.ifluoro-sUb$tituted 

carbon atom and at least one hydrophilic monomer. 
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26. ~he monomer mix cf Claim 25 wherein said fluorinated side 

qroup has the genera~ schelllatic representation: 

wherein 
z is 1 to 20~ and 

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

atoms and which may have ether linkages between carbon 

atOlllS. 

27. The monomer mix of Claim 26 wherein 5aid monomer mix 

further comprises at least one additional siloxane-containing 

monomer. 

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

further comprises at least one additional crosslinking agent. 

29. A polYJ11eri2ation product comprising at 1ea$t one 

siloxane•containing monomer which comprises a polar 

£luor~nated side group having a hydrogen atom attached to the 

ter12lina1 di~luoro-substituted carbon atom and at least one 

hydrophilic monOlller. 

40 
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30. The polymeri%ation product cf Claim 29 wherein said 

fluorinated side gr~up has the qener~l schematic 

~epresentation: 

wherein 
z is 1 to ·20: and 

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

atoms ~nd which nay have ether linkages betwaen carbon 

atoms. 

31. A polymerization product comprising: 

·a) a siloxane-containing aoncnner comprising at least 

ane fluorinat6d side qroup and having the general schematic 

representation: 

wherein: 

f 1 
A - R - Si -

f 
R2 

Jfl 
ro-si)x -

.J,.4 
'l o-si - R -A 
. ' 
R2 

R is an alkyl or alkylene group having 1 to l.O ca~bon 

atoms and which nay have ether linkages between carbon atoms; 

Ri-R.4 may inQependently ~e a •onovalent hydrocarbon 

radical or a halogen sUbstituted monovalent hydrocarbon 

radical having l ~o 18 carbon atoms which may have ether 

linkaqes between carbon atoins; 
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x is ~ O; 

y is ~ 1: 

x + y = 2 to 10001 

Rs is a fluorinated side group having the general 

schematic representation: 

wherein z is 1 to 20: 

D is an alkyl ar alkylene ~roup havinq l to 10 carbon 

atcms and which may have ether linkages between carbon atoms; 

and 

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

alll.ide of an acrylic or a methac~lic a~id or is a qroup 

represented by the general ~ormula: 

CH2=CHO@Y-

wherein 

Y is -o-, -s- or -NB-: and 

b) at least one hydrophilic mona~er. 

32. The polYJDerization product of Cl.aim 31 wherein said 

monome~ mix further ~om.prises at least ane additional 

siloxane-containinq uonOlller. 
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33- ~he monomer mix of Claim 31 wherein said ~ono=er aix 

further comprises at least orie additional.crosslinking agent. 

34. The polymerization product •ix of Claim 31 wherein said 

hydrophilic •onomer is a vinyl-containing or acrylic­

containing monomer. 

35. 'l'he polYDerization product ot Claim 34 wherein said 

vinyl-containing hydrophilic mono~er is selected from the 

group consisting of N-vinyl-N-~etbyl acetamide, N-vinyl-N-

and N-vinyl pyrrolidone. 

36. 1'he }:IOlY111erization product of Claim 34 wherein said 

acl:'ylic-eontaining hydrophilic •onomer is selected from the 

grolip consisting of 2-hydroxyethyl methacrylate, glycerol 

methacrylate, 2-hydroxyethyl methacrylamide, methacrylic acid, 

ai=rylic aoid and N,H-dimethylacrylamide. 

37. The pol}'lllerization product of Claim 31 wherein said 

polY111erization product rurther comprises at least cne 

additional siloxane-containin9 monomer. 

------- ··-····-·· ··----··---
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38. A polymel:'i~ai:d.on prod?c:t comprisinq: 

a) a fluorinated bulky polysiloxanylalkyl (meth)acry1ate­

containing monomer having the forJD.ula: 

Rs 

' A-R-Si-[O-Si-D-(CF2)4-HJx 

F-t-~i: · 
wherein 

A is an activated unsaturated group, ~uch as an ester or 

amide of an acrylic or a metbacrylic acidr 

Res i.s 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; 

Dis an alkyl or·alkylene qroup having 1 to 10 carbcn 

atoms and which may have ether linkages bet~een carbon atoms; 

x is l, 2 er 3: 

y is o, l or 21 ~d 

x + y ... 3: and 

b) at least one hydrophi1ic ~onomer. 

39. 'l'he polymerization product of Claim 38 wherein said 
monQJD.er mix further co111.Prises at least one additional 
siloxane-containing 'Dl.Onomer. 

44 -
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40. ~he l:llonomer mix of Clai• 38 Whereih said monomer mix 

further co}lll)rises at least one additional crosslinking agent. 

41. The polymerization product of Claim 38 wherein said 

hydrophi1ic ~ong•er is a vinyl-containing or acrylic­

containing monomer. 

42. 'l'he polymerization product of Claim 41 wherein said 

vinyl-containinq hydrophilic monomer is selected tro~ the 

group consisting of N-vinyl-N-methyl aoetamide, N-viny~-N­

ethyl aceta21ide, N-vinyl-N-ethyl foJ:Damide, H-vinyl-to2:111amide 

and N-vinyl pyrrolidone. 

43. The polymerization product of CJ.ailll 41 wherein said 

acry1ic-containinq hydrophilic moncmier is selected from the 

group consistillq of 2-hyclraxyethyl l:lletbac:rylate, glycerol 

methacrylate, 2-hydroxyethyl methacrylal:llide. methacrylic acid, 

aczylic acid and N,N-dilnethylacrylamide. 

44. The pol}'lllerization product of Clai~ 31 vberein said 

polymerization product is a hydrQgel. 
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45. The polYJDerization product of Claim 38 wherein said 

polymerization p~oduct; is a hydrogel. 

46. A oontact lens •ade from a polymerization product 

ccnnprising at least cne slloxane-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 qroup has t:he geheral schematic representation: 

wherein 
z is 1 to 201 and 

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

atoms and which may have ethQr linkages between carbon 

atoms. 

48. A contact lens made from a polYJDerizatioh product which 

c:o:m.prises: 

a) a siloxane-containinq mono~er c0Mprisin9 at le~st 

one fluorinated side group and bavitig tne general schematic 

representation: 
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R1 
A ~ R • :IJ1 -, 

a2 
wherein: 

R3 
I 

[0-Si)x -

it 
ll 

co-~ily -
R5 

- R -A 

R. is an al~l or a1kylene group havinq 1 to 10 c:a:cbon 

atoms and whi~h Jnay have ether linkages between carbon at~1 

R1-R4 aay independently be a ~onovalent hydro~arbon 

radi~al or a halogen substituted ~onovalent hydroQa~bon 

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

linkaqes ~et:ween carbon atOJQ$7 

2' is·~ O; 

y is 2!. 1; 

X + y ~ 2 to lOOOi 

Rs is a fluorinated side group having the 9eneral 

schematic representatio~: 

- D - (CF2)z - H 

wherein z is 1 to 20; 

D ~s an alkyl or alkylene ljJX'aup having l to 10 carbon 

atoms and vhich :may have ether linkages between carbon ato=s: 

and 

). is an aetivated unsaturated qroup, such as an ester er 

amide cf an acrylic or a methact:ylie acid or is a group 

represented by the 9eneral forlll~la: 

wherein 
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Y is -o-, -s- or -NH-; and 

b) at least one hydrophilic monomer. 

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

further compr~ses at least one additional siloxane-containing 

monomer. 

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

further comprises at least one additional crosslinkinq agent. 

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

containin9 hydrophilic monomer is selected from the qroup 

consisting of N-viriyl-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

containinq hydrophilic monomer is selected from the qroup 

consisting.of 2-hydroxyethyl methacrylate," glycerol 
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methacrylate, 2-hydroxyethyl methacrylamide, methacrylic acid, 

acrylic acid and N,N-dimethylacrylamide. 

54. The contact lens of Claim 48 wherein said polymerization 

product further comprises at least one additional siloxane­

containing monomer. 

SS. A contact lens made form a polymerization product which 

comprises: 

a) a fluorinated bulky polysiloxanylalkyl (meth)acrylate-

containing monome~ having the formula: 

wherein 

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

amide of an acrylic or a metbacrylic acid: 

R6 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 l to 10 carbon 

atoms and which may have ether linkages between carbon atoms; 
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x is 1, 2 or 3: 

y is ~' 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 mi~ 

further comprises at least one additional crosslinking agent. 

SB. 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

containinq 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. 

60. The contact lens of Claim 56 wherein said acrylic­

containing hydrophilic monomer is selected from the group 

consisti~q of ~-bydroxyethyl methacrylate,. glycerol 
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methacrylate, 2-?yd~oxyethyl methacrylamide, methacrylic acid, 

acrylic acid and N,N~dime~ylacrylamide. 

61. The contact lens of Claim 48 wherein said polymerization 

product is a bydrogel. 

62. The contact lens of Claim 55 wherein said polymerization 

product is a hydrogel. 
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