2222595 TITLE OF THE | NVENTI ON Contact Lens Article Made of Silicon- and

Fl uori ne- Cont ai ni ng Resi n BACKGROUND OF THE | NVENTI ON 5 Thi s
invention relates to a contact lens article made of*a silicon- and
fluorine-containing resin:’~Mre particularly, i el ates to a contact |ens
article having superior oxygen perneability and “‘shape stabiljt Anong t he
contact | enses now in extensive use, 10 there are known aé 2;"95
oxygen- perneabl e hard contact |ens and a mater-contalnlng soft con e
| ens. The water-containing soft contact lens is excellent in wearing

feeling, it Lnsuffi oxygen perneability of the lens material.

Wi le ‘it ££ L agunkgngﬁﬁfﬁﬂlﬁﬁyelevate water content in the 15 | ens
material to InprOVﬁ %x en Bfrnf i 1:0t [EPQLL s of clinical data
denonstrate that4tHQULEGST SENS, N | aneous
bacteri a 0 l.i caty ons. may be brought about to cornea and

conj unct ?fgo ﬁé conEalh Bebih rmeabl e hard contact 20 lens is

enj oyi ng ﬁ%@ﬁbﬁ&ﬁhﬁabboﬂﬂﬂ &Rv%ﬁﬁﬁﬁﬁ$ to hi gh oxygen perneability,

astigmatisTFcuratrve effects, durabrtity and safety, and is becomng a

prseval ent contact irggs. moehecqwnn&ém.rééﬂnw r@éﬁ@éebeieageawl@aermde
extensively in the field of oxygen-perneable hard contact [ens. However, 25

i n these madeas £hassallichba-0wnde FIRRDITRAD covdimfhg| £88in. More

I~

particularly, it relates to a contact lens article having

superior oxygen permeability and shape stability.

Among the contact lenses now in extensive use,

10 there are’known an oxygen-permeable hard contact lens and a
water-containing soft contact lens. . The water-containing
soft contact lens is excellent in wearing feeling, but
insufficient in oxygen permeabilify of the lens material.
While it'may be contemplated to elevate water content in the

15 lens material to improve its oxygen permeability, reports of
clinical data demonstrate that the lens is apt to be
contaminated by misceilaneous bacteria and serious
comp}ications may be brought about to cornea and (
conjunctiva. Conversely, the oxygen-permeable hard contact

20 lens is enjoying high evaluation with respect to high oxygen
permeability, astigméfism—curative effects, durability and
safety, and is becoming a prevalent contact lens. 1In
keeping therewith, reéearches are being made extensively in
the field of oxygén-permeable hard contact leps. However,

25 in these researches of the oxygen-permeable contact lens,

the main concern is its oxygen-permeability, while the other



< the main concern is its oxygen-perneability, while the other properties
required of the contact |ens have not been taken account of sufficiently.
For exanple, the contact |enses described in Japanese Pat ent
Publ i cati ons 5 ' Nos. 8769/1987, 61928/ 1987 and
36646/ 1988 are excellent in oxygen perneability, but are unsatisfactory in
shape stability and resistance to contam nation. D alkyl fumarate,
eqpl oyed in Japanese Laid-open Patent Applications Nos. 99720/1987 and
212618/ 1987, has only | ow 10 copol yneri zability andb ever sEEpos!ng,
that it is LVPeLLZ N : or,.other, Jt is so brittle Lhat it can
be cracked ogﬂgéﬁ e%évggghé5§?r§Fm@§&sfﬁ%lﬁ%ﬁgéfg' ékfﬁ%'U%érpeQQhe?hgn

- other hand, z¢tbs.80N4AC ufk?@?eﬁh@&? in .lapanese |.aid-open Patent
Application No. 176909/1986 1s lowin 15 '~ oxygen perneability so as to

be unsuitable for copgin ari e gh ddLW et ipon has been
direcLed in recent ygafsgg%'éﬁ"é@c‘rs%%o SU\MM\E/‘II&'RY l@ TIfE IW% 1' t is an

obj ect of the prese i_nvention to. provide 20 a contact lens article
3a Bebtie kbl

havi ng properties su€Ras>6xygen @fionsane stability, resistance

to contanm nation and dur atnd.i 8y69/2987 wel | - bal gneed; /35 Uhd 36646/1988
are excellent in oxygen permeability, but are unsatisfactory
in shape stability and resistance to contamination. Dialkyl

fumarate, employed in Japanese laid-open Patent Applications

~ Nos. 99720/1987 and 212618/1987, has only low
10 copolymerizability and, .even supposing that it is
copolymerized in some way or other, it is so brittle Lhat it
can be cracked or broken very easily, causing dangers to the
user. On the other hand, Lhie cuiilact lans shdwn in Japanese
LLaid-open Patent Application No. 176909/1986 is low in
15 oxygen permeability so as Lo be unsuitable for continuous
wearing Lo which pafticular attention has been directed in
recent years.
\/ OBJEC’I‘_S AND SUMMARY OF ‘THE INVENTTION
It is an object of the present invention to provide’
20 , a contact lens article having properties such as oxygen
permeability, shape stability, resistance to contamination
and durability in a well-balanced fashion.
The above and 6ther objects of the present
dnvention will become more apparent from the following
25 description.

According to the present invention, there is



The above and ot her objects of the present invention will becone nore
apparent from the follow ng 25 description. According to the present
i nvention, there is 2 provi ded a contact lens article conprising a resin
obt ai ned by copol yneri zing starting nononmer conponents containing a
silicon-containing conpound (A) represented by the fornula (1) [err]

wherein R represents a hydrogen atomor d nethyl [err] 10 group, [err]
each represent a nmethyl group or [err] [err] represents () or 1, in ~
represents an integer of 1 to 3 and n and p each represent an integer ofi O

to 3; a fluorine-containing conpound (B). represented by 15 the formul a

(11) [err]PEREideA &t cpaaactodens a[retrqulr% %@ﬁ{%lags?raﬁgﬁﬂ eh4ad ned

branched chain fl yoroal kyl rou resented b Lerrl i n which h
repr esent SPRNCPRPAHER LR 159 & AL 109 AnRREE S ARPOREREE CBP LB 1o 2h

and when one of R2 %nglhlcék—contalnlng compound (A) represented by

the formula (1)

; : oo
CH. =C-C-0O(Cll.,-CH-CH. )! -(Cll Jm-Si(0Si)n-CH. ees (1)
2y 2 L 3
0 (911 X2 C||3

wherein kl represents a hydrogen atom or a wmethyl

?"3
10 group, x1 and x2 each represent a methyl group or -(0Si)p-Cu
|
Cll3

3

£ represents 0 or 1, m represents an integer of 1 Lo 3 and n
and p each represent an integer of 0 to 3;

a fluorine-containing compound (B) represented by

15 the formula (1Y)
RZ-O-C~CII=CII—C—O-R3 ee. (IT)
u ]
4] ¢]

wherein at least one of R2 and R3 represenlLs a
straight chain or branched chain fluoroalkyl group

20 represented by —ClH F2l+1 K in which h represents an integer
of 2 to 18, k represents an integer of from 1l to 2h

and when one of R, and Ry is -C W . F, . ., the olher of R,

and R3 represenis an alkyl group having 1 to 12 carbon
atoms, an alkenyl.group having 2 to 12 carbon atoms or a

25 cycloalkyl group having 3 to 12 carbon atoms; and

a radical polymerizable vinyl monomer.



. and R3 represents an alkyl group having 1 to 12 carbon atoms, an al kenyl
group having 2 to 12 carbon atons or a 25 cycl oal kyl group having 3 to
12 carbon atons; and a radical polynerizable vinyl:mwonomer. 3 PREFERRED
EMBCDI MENTS OF THE | NVENTEEN The present inventioniwi |l be explained in
nmore detail hereinbel ow. The contact |lens of the*present inventionis a5
copol ymer obtai ned by copolymer.izing nmonomer conponents containing a
particular silicon-containing compound (A), a particular
-fTUorlne-containing conmpound (B) and a radical polynerizable vinyl nonomer,
and, further, optionally a nononmer conponent containing a particular vitnyl

conpound Jﬁypmé@mé&ﬁxﬁéﬂ@%t rABCYNYENTEOR CONt ai ni ng conpound (A)
enpl oyed i _ , € EXPT ¢ d by the follow ng formula
(1) ferr] vherein Rryensrscon SnQUAEPBANWINAMNR ekplaiihida g uRread [err]
each represent a methyl” group or CH 20 -(CSi)p-CH3 while [err]

i ndi cates L il ndrégbesb@s an integer ' o

The contact lens of the present invention is a

5 copolymer obtained by.copolymefizing monomer components
containing a parficular silicon-containing compound (A), a
particular'fluorine-cohtaining compound (B) and a radical

polymerizable vinyl monomer, and, further, optionally a

N
monomer component containing a particular vinyl compound
10 (C). |
The aforementioned silicon-containing compound (A)
employed in the present invention may be expressed by the
following formula (I)
Ry ox o
15 CH.=C-C-O(CH,-CH-CH, ); -(CH,)m-Si(0Si)n-CH ees (1)
2 i 2 I 2 2 - { 3
o) OH X2 CH-3
wherein R1 represents a hydrogen atom or a methyl
~ group and *1 and X2 each represent a methyl group or
ik
20 e(OSi)p-CH3 while £ indicates 0 or 1, m indicates an integer
|
CH3
of 1 to 3 and n and p each indicate an integer of 0 to 3.
In the above formula,'l'stahds for the skeleton length for
affording certain~hydrophilic prepertiee to the polymer and
25 should be 0 or 1 for preserving the copolymer strength. m

is one of the factors determining the length of a portion



[err] of 1 to 3 and n and p each indicate an integer of 0 to 3. In the
above fornula, [err] stands for the skeleton length for affording certain

hydrophilic properties to the polyner and 25 should be 0 or 1 for
preserving the copolynmer strength. mis one of the factors determ ning the
| ength of a portion 4 I nterconnecting the siloxanyl group and the

(meth)acryl group and should be an integer of 1 to 3 for maintaining
nononer stability and copol ynmer strength. That is, with mO, the nononmer
t he copol yner tends to undergo 5 hydrolysis. Wth min excess of 3,

the copolyner is lowered in strength. The valueg of n and p are factors
det er m nidfreRRenect 9t$ﬂ95§+§9§ﬂ9¥1g968BP ﬁpahtgﬁe(W§¢§Q§QHY%land pin

excess of 4, the polynerization degree _canngt _ingrease and . .the workability

of the pSNE A | TRRVLY Be1aR fBFRISE €8 1 to dndSF SROM WHNG egers of

1L ey SO COBREREH BPESeBRARINIE R EbrR oSSR V! iy Lo

RS il 1 M b TS TGRAL G sl LY =)

(reth) acrny @iy &t ik hy! $h! 8x¥LsEP8Rt 3TBLRY! copolymer is lowered
in strength. The values of n and p are factors determining
the size of the siloxanyl group. With the values of n and p
in excess of 4, the polymerization degree cannot increase
and the workability of the polymer is lowered. Therefore, n

10 and p should be integers of 0 to 3. The silicon-containing
compounds (A) represented by, the formula (I) may be
enumerated by, for example, trimethylsilylmethyl
(meth)acrylate, pentamethyl disiloxanyl methyl
(meth)acrylate, methylbis(trimethylsiloxy)

15 silylmethyl(meth)acrylate, tris(trimethylsiloxy) silylmethyl
(meth)acrylate, bis(trimethylsiloxy) (pentamethyl-
disiloxanyloxy) silylmethyl (meth)acrylate, trimethylsiloxy
bis(pentamethyldisiloxanyloxy) silylmethyl (meth)acrylate, ~/
tris(pentamethyldisiloxanyloxy) silylmethyl (meth)acrylate,

20 trimethylsilylethyl (meth)acrylate, pentamethyldisiloxanyl-
ethyl (meth)acrylate, methylbis(trimethylsiloxy)silylethyl
(meth)acrylate, tris(trimethylsiloxy)silylethyl
(meth)acrylate, bis(trimethylsiloxy) (pentamethyl-
.disiloxanyloxy)siiylethyl (meth)acrylate,

25 trimethylsilbxybis(pentamethyldisiloxanyloxy) silylethyl

(meth)acrylate, tris(pentamethyldisiloxanyloxy) silylethyl



[ T T

. disiloxanyloxy) silylnmethyl (nmeth)acrylate, trimethylsiloxy

bi s(pent anet hyl di si | oxanyl oxy) silylnmethyl (nmeth)acryl ate,

tri s(pentanethyl di sil oxanyl oxy) silyl nethyl (neth)acrylate 20
trimethylsilylethyl (nmeth)acrylate, pentanethyldisiFoxanyl- et hyl
(et h) acryl ate, methyl bi s¢t4'1 met hyl si | oxy)silylethyl (meth)acrylate,
tris(trimethylsiloxy)silylethyl (meth)acrylate, bis(trinmethylsiloxy)
(pentanet hyl - di sil oxanyl oxy)silylethyl (neth)acrylate, 25

tri met hyl si | oxybi s( pent anethyl di si | oxanyl oxy) S|IyPethyI (neth)acrylate
tri s(pentanet hyl di sil oxanyl oxy) silylethyl 5 (neth)acrylate
trimethyl g é@%t t I | Qﬁﬁﬂm
(neth)acryﬂg¥£ met y%%?s?%f?ﬂ%%ﬁg?g%Fggggg???¥éﬁﬁﬁj% netﬁ?gcrylate

tris(tri ngidnnl m $id Yi@ié’ﬁWipfﬁ??ﬂ) thexhyaerylate,
bls(trlnethyI5|ony (pent anet hyl di si oxanyloxy)5|lylpropyl (meth)acryl ate,
trimet hyl sidtheab i Perimeehpysi 1ok ) E21gapropylsi(me tir)audy Xamws h) acryl at e,
tris(pentanethyl - disiloxanyl oxy)silylpropyl (neth)acrylate,
2- hydr oxy-t3=itg (i teeinmey/t lsy 1 51 ok Xy plpppopyidt If nediy)lastry, 1aliGe,
2- hydr oxy- 3- pent anet hyl di si | oxanyl et hoxypropyl (neth)acrylate,

rgjldr oxy g afdirimeihy 1sihexny( pehbapp thyilbisdlesanylep ) (inkt lpeeryl at e,

2 hydr oxy- 3- bi s-
(meth)acrylate, trimethylsiloxybis(pentamethyl-

disiloxanyloxy)silylpropyl (meth)acrylate, tris(pentamethyl-

disiloxanyloxy)silylpropyl (meth)acrylate, |

2-hydroxy-3-trimethylsilylethoxypropyl (meth)acrylate,

10 2-hydroxy-3-pentamethyldisiloxanylethoxypropyl
(meth)acrylate, 2-hydroxy-3-methylbis(trimethylsiloxy)-
silylethoxypropyl (meth)acrylate, 2-hydroxy-3-bis-
(trimethylsiloxy)(pentamethylsiloxanyloxy)silylethoxypropyl
(meth)acrylate, 2-hydroxy-3-tris(trimethylsiloxy)-

15 silylethoxypropyl (meth)acrylate, 2-hydroxy-3—trimethyi-

silobeis(pentamethyldisiloxanyloxy)silylethoxypropyi |

(meth)acrylate, 2-hydroxy-3-tris(pentamethyl-

disiloxanyloxy)silylethoxypropyl (meth)act&late,

2-hydroxy-3-trimethylsilylpropyloxypropyl (meth)écrylaté,

20 2-hydroxy-3-pentamethyldisiloxanylpropyloxypropyl
(meth)acrylate, 2-hydroxy-3-methylbis(trimethyl-
siloxy)silylpropyloxypropyl (meth)acrylate,
2-hydroxy-3-(bis)(trimethylsiloxy)(pentamethyldisiloxanyloxy)
silylpropyloxyprdpyl (meth)acrylate,

25 2-hydroxy-3-tris(trimethylsiloxy)silylpropyloxypfopyl

(meth)acrylate, 2-hydroxy-3-trimethylsiloxybis(pentamethyl-
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(trimethyl siloxy)(pentanethyl sil oxanyl oxy)silyl ethoxypropyl (neth)acrylate,
2- hydroxy-3-tris(trinmethylsiloxy)- 15 si |l yl et hoxypr opyl

(meth)acryl ate, 2-hydroxy-3-trinethyl -

si | oxybi s(pent anet hyl di si | oxanyl oxy) si |yl et hoxypropyl (neth)acryl ate,

2- hydroxy-3-tris(pentanet hyl - disil oxanyl oxy)silyl et hoxypropyl
(meth)acryl ate, 2-hydroxy-3-trinethylsilylpropyl oxypropyl (neth)acrylate,
20 2- hydr oxy- 3- pent anet hyl di si | oxanyl propyl oxypropyl (neth)acryl ate, w
2- hydr oxy- 3- et hyl bi s(tri nmethyl - siloxy)silyl propyl oxypropyl
(meth)acryl ate,

2- hydr oxy- @4 bl oxenyileedtyys idiv lxaop(ypleox yned iy ) d(sé Lbxaaylydryie,

si |yl propyl oxypropyl (meth)acrylate, 25

2- hydr oxy- 3- by dgexyi-detiiniledivesdyams H'W}Jﬂﬁ)&l@kqpy beyY ) gy Apaopy exy, -
2- hydroxy-3-trimethyl sil oxybi s(pentanet hyl -

di si | oxanyP&2pY3i (pregtoparpdaieopynd (%@?}9'&!:}91-6! phenyl-

2- hydr oxy- 3- trls&petaneleyld|5|onanylox )silyl propyl oxy- propyl

(et h) acr yBad @xy¥n& idiydemeayk rimsdniacryl #b&y)3|lylpropyl (meth)acrylate. 5
The_above fl uori ne- contalnlng co und é%%} nR ged In the present

i nveéntion may be rept&sAMYE h W%ﬂ alealas nﬁPQP?Pps (8, pwployed

in the present invention may be represented by the following

{

formula (I11)

Rz-()—:';-—(.ll-'-(.,ll—f;—()-R3 eee (1I1) N,

(¢] o
10 wherein R2 and R3 denole Lhe same or different groups and at
least one of R2 and R3 denotes a straight chain or branched
chain Eluoroalkyl group represented by the formula
-C, H F.

wFoni1-x ¢ hh denoles an iunleger of 2 Lo 18 and k denotes

an integer of from 1 to 2h. When only one of R, and R

2 3

15 denolLes - h"kr2hol K * the olher of R2 and R3 denoles an
alkyl group having 1 to 12 carbon atoms, an alkenyl group
having 2 Lo 12 carbon atoms or a cycloalkyl group having 3
to 12 carbon atoms. The larger Lhe value of h, and Lhe
larger Lhe branched chains, the higher is the oxygen

20 permeability. llowever, the larger the value of h, the lower
is Lhe shape stability and, wilth h not less than 19,
manufacture becomes difficult, so that such high value of h
cannot be adopted. On the other hand, the larger the value
of k, that is, thé lesser the number of fluorine () atoms,

25 the lower is the oxygen permeability. With k=0, chemical

stability of the monomer is lowered. ‘lherefore, k is



10" wherein [err]denote the sane or different groups and at | east one
of [err] denotes a straight chain or branched chain fluoroal kyl group
represented by the fornula [err] an integer of from1l to 2h. Wen only one
of [err] 15 denot es [-€rf] the other of R2 af@f¥R denoLes an al kyl
group having 1 to 12 carbon atons, an al kenyl group having 2 to 12 carbon
atons or a cycloal kyl group having 3 to 12 carbon atons. The |arger the
wglue of h, and Lhe |arger the branched chains, the higher is the oxygen 20
p&rneability. However, the larger the value of h, the lower is the shape
stabi'lity and, with h not less than 19, manufacture becones difficult, so
that such fighcvaliugoohehfradnboto 2a. aden} adie dhmdRenghlier whandontije dn@d ger
the value of k, that is, the |esser the nunber of fluorine (H) atons, 25
the lower g Rkheapaygenipereeapid ity. = Widhd=he Gheiibeal ost abirbibhy of the
mononer is | owdred. PherefofeX BN'd ¥ ° selected to be from1 to 2h. On
the other heods vepnhenbyhere off l{.erafd@rlﬂj,t henatinbe; ohecaiken alowp,of the
other of [err] that is, the alky@_group, t he al kenyl . group or the
cycl oal kyl tgeodpkeh§ 1NQirohipsS®rt have Tycloalkyl geowpacisr aobeaesss than
difficult, so Lhat such larger val ue

5 13, manufacture becodes difficult, so tLhat such larger value

of the number of carﬁoh étoms likewise cannot be adopted.

The Eluorine-containing compdunds (B) represented by Lhe

formula (I1) may be enumerated by, for example,

methyl-2,2,2-1rifluoroethyl fumarate,

10 methyl-2,2,2-trifluoro-1-trifluoromethylethyl fumarale,
meLhy]—3,3,4,4,5,5,6[6,6—n0naf1uorohexyl fumarate,
a]lyl(2,2,2—trif]u6roethyi) fumaréte,

-ailyl(2,2,2-trjfluoro-1—trjfluoromethy]) eLhyl fuharate,
ally1-3,3,4,4,5,5,6;6,6-n8naf]u6rohéxy1 fumarate,

15 jsoprOpy]—Z,Z,2—trif]uoroéthy1 fumarate,

'isopropyl(2,2,2-trif]uoro—l-trif]uoromethyl) ethyl fumarate,

'jsopropyl~3,3,4,4,4—bentaflhor6butyl fumarate,

isopropy]—3,3,4,4,5,5,6;6;6-nonaflu0rohexyllfumarate,

jsopropyl-B,3,4,4,5;5;6,6,7,7,8,8,8-tridecaf]uoroocty1

20 fumarate, jsopropyl—3,3,4,4,5,5,6,6,7,7,8,8,9,9,
]0,10,10—heptadecaflﬁorodecy1 fumarate,
isopropy1—2,2,3,34tetraf1uoroprébyl fumarate,
jsopropy1~2,2,3,3,4,4,5,5-octaf]uofopentyl'fumarate,
tert-butyl—2,2,Z—Erifluoroefhyl fumarate,

25 tert-butyl-2,2,2-trifluoro-1-trifluoromethylethyl fumarate,

tert—butyl—3;3,4,4,4-pentaf]uorob@tyl fumarate,



of the nunmber of carbon atons |ikew se cannot be adopted. The
fl uori ne-contai ning conpounds (B) represented by the fornmula (Il) may be
enunerated by, for exanple, nmethyl-2,2,2-trifluoroethylfumarate, 10
met hyl -2,2,2-trifluoro-1-tri.fl.uoronethylethyl fumarate,
met hyl - 3, 3,4, 4,5, 5, 6, 6, 6-nonaf | uorohexyl . fumarate,
allyl(2,2,2-trifluoroelthyl) fumarate, allyl (2,2,2-trifluoro-21-tri -
fluoronethy.l) ethyl fumarate, al.lyl-3,3,4,4,5,5, 6,6, 6-nonafl urohexyl -~
fumarate, 15 i sopropyl -2,2,2-trifluoroethyl funmarate, )
| sopr opyl 2-tri_ fluoro-1-trif Iuoronethél.g et h fumar at e,

fuor

2, 2, | .
isopropyl&§F§fkﬂ$¥$ﬁ§wﬂ%ﬁdﬂxﬁ(ﬁnpt@d61%9&9 ?56%¥6p§Tm§F§FE/
4,5,5,6,6,6- fl | f te,

"sopropyl E3 eSS e S € 67,7 Ro8 PTbFIBEERFLIBTOOCY Y iy e,
i | =3, s 6,8..7,7,8.8.0, 09, , 40, 305h fl decyl .
oo oY culgiabl TR Guii (057180101805, 107 agega  or ovecy

.38 20313 : t ¥ te,
rort-buty 239" hehuaducat AloUOBI KumasgeB) 2! ©
test - but Vi gxd. 2udyiiJ2 3 U ded Fd £1 WOFGPRSBY L CElMA rhbEEr At €,
tert-butyl.-3, 3,4, 4, 4-pentafl uorobutyl. fumarate,
tert-butykedtdvhtd1nD, 5, B, H; 40N | .06 LK Yhof &PBHEYE, fumarate,

tert-butyl-3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafl uorooctyl
2-ethylhexyl-2',2',2'~-trifluoroethyl fumarate,
2-ethylhexyl-2',2"',2'-trifluoro-1'-trifluoromethylethyl
fumarate, 2-ethylhexyl-3',3',4',4',4'-pentafluorocbutyl

10 fumarate, 2-ethylhexyl1-3',3',4',4',5',5',6',6',6'-nona-
fluorohexyl fumarate, 2-ethylhexyl-3',3%',4',4',5',5',6',6",
7',7',8',8"',8'-tridecafluorooctyl fumarate,
2-ethylhexyl-3',3',4"',4',5"',5',6',6',7',7',8',8',9',9°',
10',10', 10'-heptadecafluorodecyl fumarate, 2-ethylhexyl-2',

15 2', 3', 3'-tetrafluoropropyl fumarate,
2-ethylhexyl-2',62',3',3',4"',4"',5',5"'-octafluoropentyl
fumarate, cyclohexyl-2,2,2-trifluoroethyl fumarate,
cyclohexyl-2,2,2-trifluoro-1-trifluoromethylethyl fumarate, ~
cyclohexyl-3,3,4,4,4-pentafluorobutyl fumarate,

20 cyclohexyl-3,3,4,4,5,5,6,6,6-nonafluorochexyl fumarate,
cyclohexyl-3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluorooctyl
fumarate, cyclohexyl-3,3,4,4,5,5,6,6,7,7,8,8,9,9,
10,10,10-heptadecafluorodecyl fumarate, .
cyclohexyl-z,z.3,5-tetrafluoropropyl fumarate,

25 cyclohexyl-2,2,3,3,4,4,5,5-octafluoropentyl fumarate,

bis(2,2,2-trifluoroethyl) fumarate,



_ furmarate, tert-butyl-3,3,4,4,55,6,6,7,7,8,8,9,9,
10, 10, 10- hept adecaf | uor odecyl fumarate, 5
tert-butyl-2,2,3,3-tetrafl uoropropyl funarate, |
tert-butyl-2,2,3,3,4,4,5,5:gctafl uoropentyl funag
,2'-trifluoroethyl fumarateé;: A
2-ethyl hexyl-2',2",2" -trifluoro-1"-trifluoronethylethyl fumarate,

2-et hyl hexyl -3',3",4"',4', 4" -pent af | uorobutyl 10 fumarat e,

27t hyl hexyl -3',3' ,4'4',5 5,6 ,6''6' -nona- fluorohexya fuPFrate, ol
2-ethyl hexyl - 35131242, 4+ 54 £91000e 8 +rf £1hardatBuld w0 uor oocty

. funarate, g-e?ﬁ??ﬁgkﬁr?sp?éfiﬁp?ﬁ'?5¢f§f%£8’§?¢§¥%§,§h?§ ,3%'9', 10", 10
10" - hept adecafbug(odecy! 4T WUBEAL8F1408bBULYSNY Fuharale,  2'. 3",

3' -tetrafluoropropyl fumrfate,

2- et hyl hexyl - 2bi2(333, 3, 445,4',656, 6-neahal hueoarepiy! shwaRadke,

cycl ohexyl -2,2,2-trifluoroethyl fumarate,

cycl ohexyl -2, ZoRs{B| 8| 4pa 5151 6i, 6|, aproepBhyretbyrhriuskbateyl) fumarate,
cycl ohexyl -3, 3, 4, 4, 4- pent af | uor obutyl furmarate, 20

cycl ohexyl - 3, 3pis 4353546465 65n606af U3, 8h8X9|, 9f L0pLatheptadecafluoro-
cycl ohexyl -3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafl uorooctyl fumarate,
cyclohexyl-3,3?%9ﬂ45§5m6¥€$¢,ap@,B}QS@,ZIB,iergfrhépugdepggbydﬂodecyI
fumarate, cyclohexyl-2,2,3,3-tetrafl uoropropy umar at e,
cyclohexyl-g,Ef%HQgQPQW5?@-%%%5?#%0?0%eﬁt9bgiémapﬁtéﬁluorOPentyl)

' -tri hyl) fumarate, 9 .
bi's(2,2,2 trlfééﬁgéggey_gorrespondlng maleates, and mixtures thereof.

6

2- et hyl hexyl -2, 2

-

/ In this case, the fluorine-containing compounds may be in
the cis or tréns form. However, the fumarates in the
trans form is more preferred in view of polymerizability
and copolymerizability.

The_aforementioned radical polymerizable vinyl
monomers employed in the present invention may be
selected dependiné upon the properties of the produced
polymers. For example, polyfunctional vinyl monomers are
desirable as the radical polymerizable vinyl monomers
capable of improving shape stability and thermal
resistance of and affording grindability to the produced
copolymers. Examples of these polyfunctional vinyl -
monomers include ethyleneglycol di(meth)acrylate,
diethyleneglycol di(meth)acrylate, triethyleneglycol -
di(meth)acryléte, tetraethyleneglycol di(methy)acrylate,
dipropyleneglycol di(meth)acrylate, trimethylolpropane
tri(meth)acrylate, diallyl phthalate, diallyl
isophthalate, dial;yl terephthalate, vinyi

(meth)acrylate, allyl (meth)acrylate, diethylene

10



bis(2,2, 2-trifluoro-1-trifluoroethyl) fumarate,

bi s(3, 3,4, 4, 4-pentafl uorobutyl) fumarate,
bis(3,3,4,4,5,5, 6, 6, 6-nonafl uorohexyl) fumarate,
bis(3,3,4,4,5/5,6,6,7,7,8,8-tridecafl uorooctyl) fumarate,
bis(3,3,4,4,5,5,6,6,7,7,8,8,9,9, 10, 10- hept adecaf | uoro- decyl)fumarate and
bis(2,2,3,3-tetrafl uoropropyl) fumarate and

bis(2,2,3,3,4,4,5,5,-octafl uoropentyl) fumarate, correspondi ng nmal eates, w
and m xtures thereof. In this case, the fluorine-containing conpounds' may

be in thegﬂéofﬁiééi‘f‘?lff@&f‘boh‘g%‘,’eﬁ-aiﬁ?ﬁﬂ%ﬁ:ﬂyqs (m tYaddyAed 0T M i s

more preferred in view of polymerizabiiity and copolynerizability.’ The

aforemntﬂﬁmiﬁdiﬁﬁhenpiweéi,zabhsn&nybﬁ@%@m&% Flaangd i n the present
i nvention may be sel ected dependi ng upon the properties of the produced

pol yner s.idodyanar@te, @OVyhylbeh2eak whay! divdiayar adpatdasi rable as the
radi cal pol ynerizable vinyl nononers capabl e of inproving shape stability
and thermal resistriseeradieall pblpmdrigablienddinylli monomexs fmwduced
copol yners. Exanpl es of these pol yfunctional vinyl nonomers include

ethyl enegimpov ing nbhé)wet fahiditii byhybéesglofc dhedipnoshugestr yl at e,

triethyl eneglycol di(nmeth)acrylate, tetraethyl eneglycol di(nethy)acrylate,

di propy| ecranplyners|inayt he aenymaratedr byet Apirolexanpdes (meth)acrylic
acid, 2-hydroxyethyl (meth)acrylate, (meth)acrylic amide, N,
N-dimethylacryl amide, N-vinyl-2-pyrrolidone and acryloyl
morpholine. Besides these vinyl monomers, for example,

10 styrene, p-methylstyrene, o-chlorostyrene, p-chlorostyrene,
vinyl acetate, vinyl propionate, vinyl pivalate, ethyl vinyl
ether, n-butyl vinyl ether or vinyl pyridine, may also be
employed.

According to the present invention, the mixing

15 ratios of the above mentioned essential monomer components
may be determined in consideration of the physical
properties of the produced copolymers. It is, however,
preferred that the above mentioned silicon-containing ~
compound (A) be contained in an amount of 10 to 90 wt.% and

20 the fluorine-containing compound (B) be contained in an
amount of 90 to 10 wt.% and, based on 100 parts by weight of
the comonomer containing these components, 0.1 to 50 parts
by weight and particularly 1 to 30 parts by weight of the
radical polymerizhble vinyl monomer may be preferably

25 contained. With the content of the silicon-containing

compound (A) less than 10 wt.% and with the content of the

11



-tri(meth)acrylate, diallyl phthalate, diallyl isophthalate, diallyl
terephthalate, vinyl (nmeth)acrylate, allyl (nmeth)acrylate, diethylene I0
gl ycol bi sal Iyl carbonate, 2-allyloxyethyl (meth)acrylate, triallyl
trimellitate, triallyl cyanurate triallyl isocyanérate, divinylbenzene and
di vinyl adi pate. The radical pol ymerizabl e vinyl pmononers for 5
i mproving the wettability by water of the produced copol yners may be
enunerated by, for example, (neth)acrylic acid, 2-hydroxyethyl
“(meth)acrylate, (meth)acrylic amde, N, N-dinmethylacryl anide, I y
N-vinyl -2-pyrroljdone and, ac¢ryl oyl norpholine. Besides these viny
m)norrgrs p%‘r"‘é&%fh‘bT%""&ﬁ“""g §%9‘PQHQ% p"ﬂetltﬁﬁ%tlwﬁhemd'!’biﬁor‘(%vgﬁléne
chlorostyrene acetat vin i on i val ate, ethyl
5| nyl ether®® ﬂ"‘fﬁf?ﬂ/r}/tﬂnﬂ/? 8{‘ F‘EF'Y’\W JP S mé“ lr%yugﬁ s‘b°'bbe'él°rp95yed
Accor di ng tq I he, present yentian, s of the above

£ t he n%éb % _éﬁgp%g
menti oned essen |d? h%ﬁoﬁ%? -2 A8 FPIPRARd, d Ty XG5 cBhst deF88i on
of the phyﬁ]claéngﬁfﬁ) ft{.ﬁ\é 8{:*}596\8390%”(:%?1&%% Lyanq.rslecrbw(lﬁfﬁr)(%? Bg’

preferred at t ove men i'’con-contai ni ng

Qonﬂﬁ'nEd'dh&Ekf¥EWP§ PbwdeltO Puin&ote, with the content of the

fluorine-containing compound (B) in excess of 90 wt.%,
water-repellency of the copolymer is undesirably increased.
In the contact lens of Lhe present invention, one
or more of the vinyl compounds (C) represented by the
10 following formula (ITI) inay be used as the monomer
components besides the above mentLioned essential monomer
componenls:

R,
4

CH2=C—§:—O—R5 o ee. (IIT)

15 (0]
wherein R4 represenlts a hydrogen atom or a methyl
group and R5 represents an alkyl group having 1 to 12 carbon
atoms, an alkenyl group having 2 to 12 carbdn'atoms, a
cycloalkyl group having 3 to 12 carbon atoms, a groub
20 containing an aromatic ring, or a straight chain or brénched
chain fluoroalkyl group having the formula I F

r k' 2hi1-k *
being an integer of 2 to 18 and k an integer of from 1 to 2h

h

When Rs in the above formula denotes an alkyl group, an
alkenyl group, a byc]oalkyl group or a group containing an
25 aromatic ring, and the number of carbon atoms exceeds 12,

manufacture becomes difficult. 9The values of h and k of the

12



20 t he fluorine-containing conpound (B) be contained in an anmount of
90 to 10 wm. % and, based on 100 parts by wei ght of the conmononer contai ning
t hese conponents, 0.1 to 50 parts by weight and particularly 1 to 30 parts
by wei ght of the radical polynerizable vinyl nononer nay be preferably 25
contained. Wth the content of the silicon-containing conpound (A) |ess
than 10 wt. % and with the content of the 11 fl uori ne-contai ni ng conpound
(B) less than 10 wt.% oxygen perneability is undesirably lowered. With
the content of the fluorine-containing conpound in excess of 90 wt % .t he
strength of the copolynmer as the contact lens material is 5
undesi r abfjupsaedkyl gmoupheutside witeh abveve omtrenioméd t hange cannot

fl uori ne-contai ni ng conpound (B) in excess of 90 wt.% water-repellency of
t he copol?ﬁe?dpﬁtegd@y thisl pame reRsRan as dercrihrdicin | eornectior present

I nvention, ,one or nore of_ the vi nyI corrpounds (O represent ed by the 10

fol | owi ng¥ibPrihg PPPI"F rf‘ﬁ’f"lb'elaus( Jas tHhemorhaerinthpermpeundctCles t he

above nentioned ess oner conponents err] wherein R _represents a
hydr ogen XeBregpn ﬁe th& ormula (I1I) contains as R5 an alky

5 group, an alkenyl group, a cycloalkyl group or a group
containing an aromatic ring, the machinability and ehe
grindability required of the contact lens may be improved
further, while shape stability and thermal resistance can
also be improved. The vinyl compound (C) may preferably be

10 enumerated by, for example, methyl (meth)acrylate, ethyl
(meth)acrylate, isopropyl (meth)acrylate, tert-butyl
(meth)acrylate, cyclohexyl (meth)acrylate and benzyl
(meth)acrylate. These vinyl compounds may be used alone or
as a mixture. If the aforementioned straight chain or

15 branched chain fluoroalkyl group containing compound is used
as RS' it becomes possible to increase the mechanical
strength while minimizing the lowering of oxygen
permeability of the contact lens. The vinyl compounds (C)
in this case may preferably be enumerated by, for example,

20 2,2,2-trifluoroethyl (meth)acrylate,
2,2,2-trifluoro-1-trifluoromethylethyl (meth)acrylate,
3,3,4,4,5,5,5-heptafluoropentyl (meth)acrylate,
3,3,4,4,5,5,6,6,6-nonafluorohexyl (meth)acrylate,
3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluorooctyl (meth)acrylate,

25 3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,10-heptadecafluorodecyl

(meth)acrylate, 1,1,2,2-tetrahydroperfluorooctadecyl

13



. group and R5 represents an alkyl. group having 1 to 12 carbon atons, an

al kenyl- group having 2 to 12 carbon atoms, a cycloalkyl group leaving 3 to

12 carbon atons, a group 20 cont ai ni ng an aronatlc ring, or a straight

chain or branched chain fluoroalkyl group havi ng:-the: f or mul a [err] bei ng an

integer of 2 to 18 and k ah: finteger of from1 toszh 1. When R5 in the above

formul a denotes an al kyl group., an al kenyl grolp, a cycloal kyl group or

a_group containing an 25 aromatic ring, and the nunber of carbon atons

* exceeds 12, manufacture becones'difficult. The values of h and k of the 12

fluoroalky(mgtbhpcnulatde 2ha , 3h Své ertaaifi layvvarb praomel clawentls ) derntlapeed by

the sane reason as described in connection wth the above formula (11).

. Wen the v2ndl3cdnpodnd,bCh,bedndsBnBad, 9 heradamafiluoXenodnytontai ns as R5
an al kyl 5 grou an al kenyl group, a cycloal kyl group or a group

cont ai ni nglegth)aasy étﬁbngndtﬂezngoﬁhﬂaSM5A§¢ﬁmﬁilrﬂa%yﬁnﬂa%ilotyﬂ

required of the contact |ens may be inproved further, while shape stability

and thermﬂlrb%T%%ﬁﬂ%éf&Hﬁr8P§€eS§1|&ﬂﬁ&@é@crﬂiﬁﬁﬁrwl conpound (O may

pref erably be 10 enuner ated by, for exanple, (et h)acryl at e,

et byl (neth)acrylat@hePSBBFoH}PY@n€PWPQHPQId QQﬁqe E?d(hﬁtﬁyﬁcrylate
CyCIOhexylfégﬁﬁfgagf¥i?tgsag%pgggég in the present invention, the

mixing ratio of each monomer component is preferably such

that the silicon-containing compound (A) accounts for 10 to
N 70 wt.%, the fluorine-containing compound (B) accounts for 5
10 to 60 wt.% and the vinyl compound (C) accounts for 5 to 70
wt.%, based on the wéight of the total monomers. With the
content less than 10 wt.% of the above mentioned
silicon-containing compéund (A), oxygen permeability of the
copolymer is undesirably lowered. On the other hand, with
15 the content in excess of 70 wt.% of the compound (A), the
strength of the copolymer as the lens haterial is
undesirably lowered. If the content of the
fluorine-containing compound (B) is less than 5 wt.%, the
oxygen permeability of the copolymer is undesirably lowered.
20 On the other hand, if the content of the compound (B) is in
excess of 60 wt.%, water-repellency of the copolymer is
undesirably increased. If the contgnt of the vinyl compound
(C) is less than 5 wt.%, the strength of the copolymer is
lowered. If the vinyl compound (C) is free of fluorine
25 atbms, and is used in an amount in excess of 70 wt.$%, the

oxygen permeability of the composition is undesirably

14



(meth)acrylate. These vinyl conpounds nmay be used alone or as a m xture. If
the af orenenti oned straight chain or 15 branched chai n fl uoroal kyl
group contai ning conpound is used as R5, it beconmes possible to increase

t he mechani cal strength while mnimzing the | owering of oxygen
perneability of the contact |lens. The vinyl conmpounds (C) in this case may

preferably be enunerated by, for exanple, 20 2,2,2-trifl uoroethyl
(meth)acrylate, 2,2,2-trifluoro-1-trifluoronmethylethyl (neth)acrylate, ol
3,3,4,4,5,5, 5- hept af | uoropentyl (neth)acryl ate, !
3,3, 4, 4, Gohebed yiddyheon (netétRéryhah@, if the vinyl
3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafl uorooctyl (neth)acrylate, 25

3,3, 4, 4, 2ompouhd’ (€ )8.cort find, AludPike s 8oms abhaoigdagrld (metah) acryl at e,
1,1,2,2-tetrahydroperfl uorooctadecyl 13 - (nmeth)acryl ate,

2, 2, 3, 3- ambuaft! dw @xaass dfield)wely) av@ter-repellency of the
2,2,3,3,4,4,5,5,6,6,7,7,8,8,9, 9-hexadecaf | uorononyl (neth)acrylate, and
2,2, 3, 3,¢p¢p§sﬁﬂ&dﬁ'ﬁé?ékdhéaiﬁély]incﬂ&a&edeundeaﬁkabdgund@@yI
(meth)acrylate. 5 When the vinyl conpound (C) represented by
tBe fornmeatdoned hexsiniahase . ntheienpxisgnrathoenfi she radigiadi ng ratio of
each nononer conponent is preferably such

polymerizable vinyl monomer is preferably 0.1 to 50 parts by
weight and more preferably 1 to 30 parts by weight to 100
parts by weight of the starting monomer components
containing the above mentioned components.

10 In preparing a contact lens in accordance with the
present invention, the aforementioned monomer components may
be copolymerized by any methods known per se, such as a
method of directly copolymerizing the monomer components
containing a polymerization initiator, or a method of

15 copolymerizing the monomer components admixed further with a
photosensitizer in the presence of irradiated ultraviolet
rays. More specifically, the above mentioned monomers may
be polymerized or copolymerized in suitable vessels, such as ~
test tubes, to produce round bars or blocks, which are

20 subsequently machined, ground or otherwise worked
mechanically to a contact lens in accordance with desired
design data. Alternatively, the monomers containing a
polymerization initiator may be introduced into a space
defined between éﬁo juxtaposed molds to form directly a

25 contact lens by mold polimerization. Still alternatively, a

suitable amount of monomer components containing a

15



.-that the silicon-containing conmpound (A) accounts for 10 to 70 wt. % the
fl uori ne-containing conpound (B) accounts for 5 10 to 60 wt.% and the
vinyl conpound (C) accounts for 5to 70 w.% based on the weight of the
total nmononers. Wth the gontent |ess than 10 wt.i%:ef. t he above nentioned
silicon-containing conpound (A);, oxygen perrreabl',l_ ty of the copolymer is
undesirably I owered. On the other hand, with 15 the content in excess
of ;70 wt. % of the conpound (A), the strength of the copolynmer as the |lens
‘material is undesirably |owered. If the content of the fluorine-containjng

d I h
."2”‘32323. ﬁgﬁ%ea%%%e%l %15“% ato oReY obRoP RBMISa: FPRY188n1d o"%?"lﬁg‘”
.conpo - h I
ugﬁ‘ésii‘abff tAdios Eée%eﬁ tafrm pREE rweﬁhs%egﬁe%?i’%égouné? y S
t han wt t t fth
corrpoundf( )Ori"%eafﬁ réles?f? Nl ?ﬁré%@yrﬁgp%i@s féa kﬂ“’gésggc&seg %n\ygﬁwg:r?olunt I n
e O Pogmeisln OBANRE WEP L iy flal DR BORRITRLAD"devent
Comsound (Q)ndcwea'srbi\%wrfé}ﬁ‘%@é&nﬁyaegstinaseg pPodlcdMaURbnitactxcess of

.% water-repellency of
lens. The polymerization initiator employed in polymerizing

the monomers in the above methods may be selected from the
group consisting of, for example, azo compounds and organic
peroxides having a decomposition temperature of not higher

10 than 120°C at selecfed half-life value for 10 hours. The
organic peroxides or the azo compounds may preferably
include benzoyl peroxide, diisopropyl peroxydicarbonate,
t-butylperoxy-2-ethyl hexanoate, t-butylperoxypivalate,
t-butylperoxy diisobutyrate, lauroyl peroxide, azobis

15 isobutyronitrilé and azobis(2,4-dimethyl valeronitrile).
The polymerization.initiator may be preferably employed in
an amount of not more than 10 parts by weight and

N\ - particularly in an amount of not more than 5 parts by weight
to 100 parts by weight of the starting monomer material.

20 For copolymerizing the monomers in the above
methods for producing the contact lens, the polymerization
system may be preferably polymerized under deaerating '
conditions or under an atmosphere of an inert gas, such as
nitrogen, carbon dioxide or helium. The copolymerization

25 temperature is preferably in the range of 30 to 120°C,

depending on the kind of the polymerization initiator
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conposi tion is excessively increased undesirably. As 5 ment i oned

her ei nabove, the mxing ratio of the radical polynerizable vinyl nononer is
preferably 0.1 to 50 parts by weight and nore preferably 1 to 30 parts by
wei ght to 100 parts by weight of the starting nonomer conponents cont ai ning
t he above nentioned conponents. 10 In preparing a contact

| ens in accordance with the present invention, the aforenentioned nononer-:
conponents may be copol ynerized by any nethods known per se, such as a
met hod of directly copol yneri zi ng the nononer conponents containing a,
polynerlzatl | met hod _of 15 . . copolynerizi ng,th nDnoner
Cormonent emednvedl' ¢ Hr¥ aa (16 SR RoLufier 7o 6RN e BEpFBLRRAY 3P

i rradiated ub%r@g £l rays. Mre specifically, the above mentioned
nmononers may be polynerized or copol ynerized in suitable vessels, such as

test tubes, to pr Odﬂfé & A A o dmé’:l: Onﬁgﬁerwl CﬂaﬁrSezgdmlxedSWFt?nquent ly

machi ned, ground or otherw se Wwork mechanically to a contact lens in
aCCOfdanC%oWbtﬁ&di%S,l Rt efd P ghdrts Al 6T WathVEadit 1 kesTOBAGRAr @sCONt ai ni ng
a polynerization initiator nmay be introduced into a space defined between
tws j uxt apdtedvivlds txay avsakbexi |y a 25 contact lens by nold
polinmerization. Still alternatively, a suitable anmount of nononer
conponent s cont ai nixwgaxrding to the present invention, the contact

lens produced by the above described methods may be

subjected to treatment with an acid or an alkali or to low

temperature plasma processing for surface modification. The ~
10 hydrophilic monomers may be, for example, graft polymerized

by low temperature plasma processing for improving the

wearing feeling.

The contact lens of the present invention is

prepared by copolymerizing the fluorine-containing material
15 (B) containing saturated fluoroalkyl groups, the

silicon-containing compound (A) containing siloxanyl groups

and the radical polymerizable vinyl monomer, as the

essential components, so that it is endowed with properties ~

required of the contact lens, such as oxygen permeability,
20 shape stability, resistance to contamination or durability,
in a well-balanced fashion. If the vinyl compound (C) is
added further to the components, it becomes possible to
improve further the machinability and grindability of the
contact lens and to elevate thermal resistance and
25 mechanical strength while minimizing the lowering of oxygen

permeability. Therefore, the contact lens of the present

17



. pol ynmerization initiator may be suppl:ied ‘dropwi se into a rotating vessel
and pol-yneri zed or copolynerized i.n situ to.forma lens, or a polyner
produced in advance by a radical polynerization nethod may be nelted in a
sui tabl e solvent 5 apd:the sol vent renpved by:.icasting to produce a
contact |ens. The polynerization initiator enployed in polynerizing the
mononers in the above nethods may be selected fromthe group consisting of,
far exanple, azo conpounds .and.organi ¢ peroxides having a deconposition

t enperature of not higher 10 than [err] at. sSelected half-life val ue
for 10 hours. The organic peroxides or the azo conpounds nay preferably
i ncl ude behR¥ghtponoisddred ifswpr @rdblEmoximheremontd econtact lenses

t - but yl peroxy- 2-et hyl hexanoate, t-butyl peroxypival ate, t-butyl peroxy

di i sobut yrafehighupsygepepexmgabididhi,s sich as shapaitstapilityeoand
azobis(2,4-dinmethyl valeronitrile). The polymnerization initiator may be
preferablyw%HﬁFB}XHtVnW&ﬁhaH@GﬁFVOﬁQNﬁhQﬁHQbQWQNiqxﬂFEWQ%P@qtmefght and
particularly.in gn a unt of not nmore.than 5 parts by weight to 100 parts
by wei ght BHLHAEIREAFPENeRGRIAG: Ofidle FEeamRt invention topgpntact

coppl ynmeri gj h A rs_inthe above nethods for producing the contact
Ieng, t he %% %ﬁ%r$§gB%§ﬁ%§y?FEEPﬁHVnﬁ§°preferably pol yneri zed under

deaeratinggfgnghégpa§_ShEugﬁgbﬂi&'%tnosphere of an inert gas, such as
ni trogen, The copol yneri zation 25
tenperature is prEf?ﬁébb¥ekgnkh§n5%%Q§dﬁzQ%lf(%éugyilainéd in more
detail with reference to Examples which are given by way of
illustraion only and are not intended for limiting the scope
10 of the invention.
In these Examples, the parts indicate those by
weight.
Example 1
45 parts of'tris(tfimethylsiloxy)silylprole
15 methacrylate, 40 parts of
isopropyl-z,2,2-triflu0ro—l-trifluoromethylethl fumafafe, 8
parts of diethyleneglycol dimethacrylate, 7 parts of
methacrylic acid and 1 part of azobis(2,4-dimethylvalero-
nitrile) were mixed thoroughly. The resulting mixture was
20 introduced into a glass tube, which was then melted and
sealed in vacuum after the inside of éhe tube was subjected
to replacement with nitrogen and deaeration in a repeated
manner. This sea}ed glasS'Vessel was then heated in
lukewarm water at 40°C for ten hours, at 45°C for'five
25 hours, at 55°C for three hours and at 70°cC fér thrée houfs

and then heated in an atmOSpheric oﬁen at 90°C for two hours
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depending on the kind of the polynerization initiator 16 enpl oyed. The
duration of polynerization is preferably 10 to 96 hours. The starting
nononer material may be adm xed with col orants, such as pignents, or with
additives, such as 5 ultraviolet ray absorber. According to the
present invention, the contact |ens produced by the above descri bed nethods
may be subjected to treatnent with an acid or an alkali or to | ow
tenperature plasma processing for surface nodification. The 10 -—
hydr ophilic nnnoners may be, for exanple, graft polynerized by low

t enperat ure. pl as progessin or i rOVI t.he ar i feeling. The

cont act I%Rg ?ﬁg é gggn#eﬁ &QHFF ﬁgi FE%F Qékﬁ) g%ing t he
quorlne c

t at ted f | k
or oups. PEOAfeE BorEBhaLbRFng Es&so&%&)"e P e E#aad%mﬁ“”%ﬁpsyand
h d
et gy BB LB KRR ongs i S o ARETSEL S, 2
2 h i ty,
o ur a4y Hohbitex 2Pp_ phowh 20CTELAY 1.1 Y TS VL AU dibyebt AR N6 O
5 the produced contact lens were measured by the following

methods. The results are shown in Table 2.

Coefficient of Oxygen Permeability

Using a MULTIRANGE DO & TEMPERATURE ANALYZER,
produced by XERTEX CORPORATION under the trade name of MODEL
10 2110, the coefficient of oxygen permeability was measured of
a test piece 12.7 mm in diameter and 0.2 mm in thickness in
a physiological saline of 0.9 wt.% at 35°C to find the DK
value (cc.cm/cm2 sec mmHg).

Resistance against Contamination

15 A test piece 12.7 mm in diameter and 0.2 mm in
thickness was immersed in a solution of physiological saline
of 0.5 wt.% of egg white lysozyme. The absorption of the
light at 280 nm .before and after the immersion was measured hd
to find the amount of the egg white 1ysozyme affixed to the
20 test piece.

Vickers Hardness

The Vickers hardness was measured using a
TERASAWA's MM-2 type micro hardness tester produced by TAIYO
TESTER CO., LTD.

25 Contact Angle

The contact angle was measured by a captive bubble
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. added further to the conponents, it posstble to inprove further the
machi nability and grindability of .the contact |l ens and to el evate thernal
resi stance and 25 mechani cal “strength while mininzing the | owering of
oxygen perneability. Therefore, the contact |ens.ghi;fhe present 17
invention is free fromprablenms inherent to contact 1 enses of high oxygen
perneability, such as shape stapility or wettabifity with water, so that
there is a prospect of utilizing the teaching of .the present i nvention to
“contact 5 | enses of hi gher perfornmance. EXAVPLES OF THE | NVENTI ON,The
present | Metié@ u¥ihy Qecmt.etngﬂgu% MR A Wid griaEeas oy o

Exanpl es whi ch are g y way o l ustraion only “and "are not i ntended
for |imtijgowdesSEPRPIRRC co.,O0LTbhe invention. In these Exanples, the
parts indicate those by weight. Exanple 1 45 parts of

tris(tri mdonsnlexy)strghgenpyl 15 met hacryl ate, 40 parts of

I sopropyl -2, 2, Z2-trifTuoro-1-trifluoronethylethyl funarate, 8 parts of

di et hyl enegl ycol dimréhmecubatieal’ spaehgtdf was measured pursuant to

5 the bending strength testing method for hard plastics in JIS
K7203, using a flat plate sample 2mm in thickness, 50 mm in
length and 10 mm in width, which had been prepared
separately by polymerization.

~ Stability in Shape

10 . . Contact lens samples each 7.8 mm in base curve, 9.0
mm in diameter, 0.15 mm in central thickness and a power in
terms of diopter (D) of -3.0, were produced, and
measurements were made of changes in shape and.power before
and after immersion of the test samples for four weeks in

15 physiological saline of 50°C. The samples were adjudged to

be acceptable when they met the requirements of the changes

in the base curve being not more than + 0.02 mm, changes in
diameter being not more than + 0.2 mm changes in the central
thickness being not more than + 0.001 mm and the changes in

20 the power being not more than + 0.10 D.

Example 2

45 parts of methylbis(trimethylsiloxy)silylpropyl
methacrylate, 35 parts of isopropyl-3,3,4,4,5,5,6,6,7,7,
8,8,9,9,10,10,10-heptadecafluorodecyl fumarate, 10 parts of

25 vinyl methacrylate and 10 parts of methacrylic acid were

mixed thoroughly with 1 part of benzoyl peroxide and the

20



met hacrylic acid and 1 part of azobis(2,4-dinethylvalero- nitrile) were

m xed thoroughly. The resulting m xture was 20 I ntroduced into a gl ass
t ube, which was then nelted and sealed in vacuum after the inside of the
tube was subjected to replacenent with nitrogen and deaeration in a
repeated manner. This seal ed gl ass vessel was then heated in | ukewarm wat er

at [err] for ten hours, at [err][ for five 25 hours, at [err] for three
hours and at [err[ for three hours and then heated in an atnospheric ovenws
at [err] for two hours 18 and at [err[] for ten hours to effect '

ol yrTer | 2glea 4t PfidGE & 44 b PAbandBaS1hRUNY BabapRt B, G ned and

ground to pro ens arge anou each monomer is

shown in Jak! @nkn F%f;l'%"ﬁi %{fléﬁé)i)&itiﬁsvgf:uém aftekhEnd’ AdiaR chntas

| ens were neasured ow ng nethods. The results are shown in Table

2. Coeffigupel wiis ted rﬁlbt%acéﬁéﬂa wibhlLAkl RAdgenDan@d TEMPERATURE
ANALYZER, produced by XERTEX CORPORATI ON under the trade nane of MODEL 10

2110, thedeaeirfatdiomtimia epedtd®rmEnherit yThis sealededuble avdsest pi ece
12.7 mmin dianmeter and 0.2 mmin thickness in a physiological saline of
0.9 W . % heated Jatt I dEdhe2 Dkhoatsican@r thescheatield) at 100°C for two
hours to effect the polymerization to produce a round bar,.
The round bar produced was cut, machined and ground to
produce a contact lens.
The charged amount of each monomer is shown in
10 Table 1. Then, various physical properties of the produced
lens were measured in the same way as in Example 1. The

results are shown in Table 2.

Examples 3 to 60 and Comparative Examples 1 to 7

The various starting monomers shown in Table 1 were

15 polymerized in the same way as in Example 2 when benzoyl
peroxide was used as a radical polymerization initiator
shown in Table 1, and in the same way as in Example 1 when
otherwise, to produce contact lenses. The charge amount of ~
each monomer is shown in Table 1. Then, various physical

20 properties of the produced contact lenses were measured in
the same way as in Example 1. The results are shown in

Table 2.

25
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. Resi stance agai nst Cont ami nation 1%

A test piece 12.7 mmin

di ameter and Q2-mmin thickness was j m‘rersed In a solution of
physi ol ogi ca i ne of 0.5 wt.%of egg white |ysozyne. Th¢ aljsorption of
the |ight at]2&dinm before and after tig inmmersion, \as meagu dto find the
anount o? the white Iysozyrre affix@ to the 20" te$t Byi ece. Vickers
Har dnessgThe ¢dkler s hardness was neas@ ed using a TERASAWN S|MV 2 type
mwcr o hagdnegs tHst er produced by TAI YO TESTER CO,, LTD. 2% 2 Cont act
Angl e The cohtag| angl e was neasured by a capti veé¥bubbl e 19 met hod usi ng
a conta an dby KYOWA SCIENTI| FY C ., LTD.
Mechani cal S 13 ax iwi 8 fedgirisant to 5
t he bencﬁ,ng d0iS ey _ Elhar I § K7203, using a
flat pl spipl d Znmtin|{thilcknepq, | 9 i e A nmfi n wi dt h,
whi ch h&} begn briepdr ¢d $epariate b _pql e tFpNE [ abjllidy i n Shape
o - ~3 ocl _ o= N
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g u A o g o
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Contact |ens sanpl es each 7.8 mmin base curve, 9.0 mmin

10
diameter, 0.15 mmin central thickness and a power in terns of digpter (D)
of -3.0, wer reed—ahd—neasuenents were nade of cha in gape and
power before _G’after i mrer sion of the test sanples for flour vvee@ in 15
physi ol @i C &lline of [err] The sangtes were adjudged tjo acipt abl e
when th e g requi rements of the ghanges in the base e bétng not
nore th + P. Enm changes in dianet@ being not nore tha 0.2 mm ~i
changes g,n the ggntral thickness being not nore than + 0.00 and the
changes 8 n 8] the power being not nore than + 0.10 D.| Expnple 2 45
parts of” net ' ' ' ' 5 parts of
i sopr opw, - 3, Al odecyl
f umar at 1 5 n [ rqs| of
met hacrylic ja¢i|d el m kqd] tjhprjotigh v oyl| per oxi de and
t he 20 r j t hde 5 1 htlr X iptlo lja b¢,| which was
t hen melged d 3ealled |i p UleHi]:IL.iEr 5 hIE | g f e| thdhel was subj ect ed
to replge it frpgertefa—tdaerat vﬁa— ef nner. This
seal ed be % heetH nt u;r Il 19r |24 re lapg ﬁ# heat ed at
100[err8 for
2 ] -
e
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:a¥round bar. The round bar
I_Julce a contact lens. The

hours to effect fhe polyner i-.ﬁ_-.z'a
produced was cut, nmachi-ned and .

char ged anount of| each nononer Table 1} Then, §/ari ous
physi cal prope s of the producedTens Wer e neasured 11 ghe |sane y as
I n Exanmp 1 resul ts are shown’in gkable 2. Exanptes 3|tgy60 a
Conpar at Bl es 1 to 7 The varlousgstartlng foroNer s <hg//n i n&rable 1
weye 15 =’ Yheri zed ¥t he same as in EX e 2 W benzoyl
per oxi degwas uSddll as a ré& 1 pol ymerization i &EEEt or shg ﬂin Tabl er 1
and in tge sane iy as |n 'Exanpl e 1 when otherwi se, to proéucé cont act
| enses e amount _of each nononer_is shown in Tablé¢ 1.] Then,
vari ous Ehym B2 : g o4 | gnses were
nmeasur edei n ‘ "j y/ : B +4hpyn in Table 2.
25 21 § err? - =
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[err]

| PF3- Fu:

2 4
tris(trinmethylsiloxy)silylpropyl
met hyl bi s(trinet hyl sil oxy)silyl propyl
tri s(pentanet hyl di sil oxanyl oxy)silyl propyl 5
| sopropyl -2, 2,2-trifluoroethyl
| sopropyl -2,2,2-trifluoro-1-trifluoronethyl

Abbrevi ations for Conponents used in Table 1 Si4-MA

net hacryl ate Si 3- VA

nmet hacryl ate Si 7- MA: -

nmet hacryl ate
fumar at e | PF6- Fu:

fumarate | PF-17- Fu:

i sopropyl -3,3,4,4,5,5,6,6,7,7,8,8,9,9, 10, 10, 10- 10

hept adecaf | uor odecy!

fumar at e Tﬁﬁg?gﬁiat

EXY

BIAMRY Th ek et

CHF5- Fu:

bis(2,2,2
styrene E

10

15

20

25

cyclo

fumarate TBF3-Fu: tert. butyl-2,2,2-trifluoroethy]
fumarate

1858; 19, kﬂ%@ﬁﬁei?ﬁ%g{ﬁ%&?i% GahEA s Y R mu
#gggﬁ&aéigﬂﬁxﬁﬁﬁ%ﬁié?gpfﬁxﬁé¥§%é¥§late

Si3-MA: methylbis(trimethylsiloxy)silylpropyl methacrylate

Si7-MA: " tris(pentamethyldisiloxanyloxy)silylpropyl
methacrylate

IPF3-Fu: isopropyl-2,2,2-trifluoroethyl fumarate

IPF6-Fu: isopropyl-2,2,2-trifluoro-1-trifluoromethyl
fumarate

IPF-17-Fu: isopropyl-3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,10-

heptadecafluorodecyl fumarate

TBF3-Fu: tert. butyl-2,2,2-trifluoroethyl fumarate

TBF9-Fu: tert. butyl-3,3,4,4,5,5,6,6,6-nonafluorohexyl
fumarate

CHF5-Fu: cyclohexyl-3,3,4,4,4-pentafluorobutyl fumarate

F3F3-Fu: bis(2,2,2-trifluorocethyl) fumarate

VA: vinyl acetate

St: styrene

EGDMA: ethyleneglycol dimethacrylate

DEGDMA ; diethyleneglycol dimethacrylate

V-MA: vinyl methacrylate

A-MA: allyl methacrylate

MA: methacrylic acid

HEMA: 2-hydroxyethyl methacrylate

N-VP: N-vinyl-2-pyrrolidoné

MMA: methyl methacrylate

EMA: ethyl methacrylate

25



DEGDMA: di et hyl enegl ycol di net ha V- VA vi nyl

nmet hacryl ate A- VA al |yl nethagg_' it e MK met hacrylic acid HEMA
2- hydroxyet hyl methacryl ate N VP: . N-V=nyl 2-pyrrolidone 25 MVA:
met hyl net hacryl ate EMA ethyl nethacrylate 25 CHMA: cycl ohexyl
met hacryl ate AA: ackylic acid F3- MA 2,252-trifluoroethyl
nmet hacryl ate F6- MA: 2,2,2-trifluoro-1- triquorQnEtherthyI 5
nmet/hacryl ate F9- VA 3,3, 4 4 5,5, 6, 6,6-nonaflu butyl nethacrylate | PMA
i sopropyl methacryl ate ABVN: azobi s(2, 4-di me “val eronitrile) |IPP:
di i sopropyl per oxy dlcarbonate 10 BPO benzoyl peroxide 15 20125
CHMA:; cyclohexyl methacrylate
I YY acrylic acid o
F3-MA: 2,2,2—trifluoroethyl_methacryiate
F6-MA: 2,2,2-trifluoro-1-trifluoromethylethyl
5 methacrylate - | |
F9-MA: 3,3,4,4, 5 5,6,6,6-~ nonafluorobutyl methacrylate
IPMA: 1sopropyl methacrylate
S ABVN:  azobis(2, 4-dimethylvaleronitrile)
1PP: diisopropylperoxy dicarbonate
10 BPO: benzoyl peroxide
15
N
20
25

26



[err] 0 2 7 0 [err] CLAI MS: 1 A contact lens article
conprising a resin obtained by copol ynerizing starting nononer conponents

containing a silicon-containing conpound (A) represented by 5 t he
formula (1) [err] 10 wherein [err] represents a hydrogen
atomor a nethyl [err] [err] represents O or 1, in represents an integer of
1 Lo 3 and n 15 and p each represent an integer of 0 to 3; a
fl uori ne-cont ai ni ng conpoqnd (B) represented by the formula (I1) -
&
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ne ofw[ér}]
fepresented by [err]
nts an integer’

‘wher ei-n
branched chain fl uor oal,
of 2 to 18k

t he ot her .

chain or
represents an integer
and when one of [err]]
group having 1 to 12 carbon atons, an al kenyl
group having 3 to 12”Carbon at ons;
- 3 | ens article

atonB or cycloalkyl_
pol yneri zabl e vi nyl*

accordlng to claim1l whers

represents a straight
In which h
of from1l to 2h
represents an al kyl
group having 2 to 12 carbon

and a

group consisting of trfhetﬁy|5|TyT (nEIn;acr

selected f
pent anmet hy
met hyl bi s(

(et h) acryl gge,

oxy)S|IyInethyI (neth)acrylate
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bis(trinmet
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15 (meth)acrylate, tris(trimethylsiloxy)silylethyt—tmeth)yacryl ate,

bi s(trinmethylsiloxy)(pentanethyl- disiloxanyl oxy)si cryl ate,
trimet hyl sil oxybi s(pent anet hyl di si | oxanyl oxy) sil vyl ;z m g&l ﬂat e,
tris(pentanet hyl di sil oxanyl oxy)silylethyl 20 SCh %

trimethylsilylpropyl (nmeth)acrylate, pentanethyldisiloxanyl propyl
(meth)acrylate, nethyl bis(trinmethylsiloxy)silylpropyl (neth)acrylate,
tris(trinmethylsiloxy)silylpropyl (neth)acrylate, had
bi s(trimethyl sil oxy)(pentanet hyl di sil oxanyl oxy)silyl propyl 25 .
(meth)acrylate, trinmethylsiloxybis(pentanethyl- disiloxanyloxy)silylpropyl
(nmeth)acryl ate, 30LAIMSris(pentanethyl disiloxanyl oxy)silyl propyl
(meth)acryl ate, 2-hydroxy-3-trinethylsilylethoxypropyl (neth)acrylate,

2- hydr oxy} 3- pent andt hphdiasit] deansy lagtthiedep ko r {(svsid ) acrgs dnepbilained

2- hydr oxy- 3-met hyl bi s(trimethyl- 5 si |l oxy) silyl et hoxypropyl

( met h) acriy agepoPynedi i pa3 sihiagitingreanging 1t GaMHgEen brecPy Lai hbrany| oxy)
silyl et hoxypropyl (neth)acrylate, & ,

2- hydr oxy- 3-tri s(t#i fetAFPEi-cepbpdiniA%aBaBthyl Al neepyaseytadeby
2-£ydroxy-3-t[inethylsionybis(pentanethyl- 10

didi | oxanox§9EPrY el Adxypropyl (neth)acryl at e,

R X Cil

1 | 3
| i |
C|l2=C-:l:--0(Cllz-(':lI—Cll2 e —(Cll2 )m-?l.(()?l )n-CIl3 cee (1)
O Oll X2 Cll3 "
10 wherein Rl represents a hydrogen atom or a melLhyl
('.ll3
group, x] and x2 each represeunlt a methyl group or —(()sj)p—Cll3 ,
' )

(.ll3

2 represents 0 or 1, m represents an integer of 1 Lo 3 and n
15 and- p each represenlt an integer of 0 to 3;
a fluorine-containing compound (B) represented by

the formula (17)

R, -0-C-CH=Cli-C-0-R. ... (I1)
2 3 .
] 0
(o) 0]
20 wherein at least one of R2 and R:s represents a

straight chain or branched chain fluoroalkyl group
represented by _Ch"kF2h+1-k in which h represents an integer
of 2 to 18, k represents an integer of from 1 to 2h

and when one of R2 and R3 is _Ch"kl'2h+l-k ., the other of

25 R, and Ry represents an alkyl group having 1 to 12 carbon

atoms, an alkenyl group having 2 to 12 carbon atoms or a

29



. 2-hydroxy-3-tris(pentanethyl di sil oxanylox LIyl et hoxy-— -pLonvl
(meth)acryl ate, 2-hydroxy-3-trinethyl- S|Iylpropyloxypro neth)acrylate

2- hydr oxy- 3- pent a- net hyl di si | oxanyl propyl oxypropyl (. ilzﬂ Iulm lﬁl L

2- hydr oxy- 3- nethylbls(trlnethyIS|ony)S|IyIpropyI0xypr q ul te,

2- hydr oxy- 3- (bi s) (tri net hyl siloxy) - nees

(pent anet hyl di si | oxanyl oxy) si | yl propyl oxypr opyl (neth)acrylate,

2~ hydr oxy- 3- trls(trlnethyIS|ony) S|Iylpropyloxypropyl (meth)acryl ate,
- 2-'hydr oxy-3-tri - f

ety i1 ol 1%59%{}@@@} %évi%aﬂywxx% Fh*behomebw dHaPPy!

(met h) acryl tris(pent anet

. di sil oxanyl QXY) si | y|5P ;%}3/ @%(_Yp% g%lh?ﬁ'ﬂ?ﬁﬂiéc{dh?tlemonomer.

di met hyl (tri phenyl si (meth)acrylate, and m xtures thereof.
25 3. 2, A L8 REact eléndr hreliel1acaecairdnyo to d1ail ihanedre s@i d
fluorine- contalnlng conpound (B) 'is selected fromthe 31 group

consi sting gfidmindconedntainingr e6inppuntuganatie aedemleshtfxom the

met hyl -2,2,2-trifluoro-1-trifluoronethylethyl fumarate and nal eate,

met Byl - 3, 3,gkcub,dorts s 6imgnaf trimebhgishiliydmimetd )actkyddteate, allyl 5
(2,2,2-trifluoroethyl) fumarate and nal eate,

al | yI (2, 2, pantidnaithyl 1disiloxanphemayhydt mwetmﬁsrarﬂ@t@nd

methylbis(trimethylsiloxy)silylmethyl (meth)acrylate,
tris(trimethylsiloxy)silylmethyl (meth)acrylate,
bis(trimethylsiloxy)(pentamethyldisiloxanyloxy)silylmethyl
10 (meth)acrylate, trimethylsiloxy bis(pentamethyl-
disiloxanyloxy)silylmethyl (heth)acrylate,
tris(pentamethyldisiloxanyloxy)silylmethYl (meth)acrylate,
trimethylsilylethyl (meth)acrylate, §entamethyldisiloxanyl—
ethyl (meth)acrylate, methylbis(trimethylsiloxy)silylethyl
15 (meth)acrylate, tris(trimethylsiloxy)silylethyl
(meth)acrylate, bis(trimethylsiloxy)(pentamethyl-
disiloxanyloxy)silyléthyl (meth)acrylate,
] trimethylsiloxybis(pentamethyldisiloxanyloxy)silylethyl
(meth)acrylate, tris(pentamethyldisiloxanyloxy)silylethyl
20 (meth)acrylate, trimethylsilylpropyl (meth)acrylate,
pentamethyldisiloxanylpropyl {meth)acrylate,
methylbis(trimethylsiléxy)silylpropyl (meth)acrylate,
tris(trimethylsiloxy)silylpropyl (meth)acrylate,
bis(trimethylsiléxy)(pentamethyldisiloxanyloxy)silylpropyl
25 (meth)acrylate, trimefhylsiloxybis(pentémethyl-

disiloxanyloxy)silylpropyl (meth)acrylate,'

30



5,5, 6, 6, 6- nonaf | uor ohexyl fumarate—and—nmal eate,
roet hyl fumarate and naleate

ro-1-trifluoronmethyl) ethyl (mulumumuimnind

, 3,4,4, 4-pent af | uor obutyl fumarat .

I sopropyl -3, 3, , 5, 6,6, 6-nona- fluorohexyl fumarate and nal eat e,

| sopropyl -3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafl uorooctyl funmarate and
mal eate, isopropyl-3,3,4,4,5/5,6,6,7,7,8,8, 15

9,9, 10, 10, 10- hept adecaf | uor odecyl funarate and naleate /

'50pr0py|t@léz’(éeﬁtkﬁértﬂwﬂﬁﬁﬁﬁ? VKA EIS Bi¥b gl ]acrylate

| sopropyl 4,4, 575-0ct af opentyl funarate and ma

tert-butys:gydrex{LBltvemach lblf?ﬂ@ éth)acrylate,
tert-butyl - 2 2, 2- ?rlfluoro 19tr|f uoronethylethyﬁﬁgo ) ¥u%arate and

el eat e, 2eﬁydbukyl-33E3n&aﬁe<twqatﬁf1l1wa3@4e'&héxm@§ﬁ and nal eat e,
tert-butyl-3,3,4,4,5 6, 6, 6- nona- fl uorohexyl fumarate and nal eat e,
tert-buty{métB)dctydatef, @-hydroxy-3-ndtiadisiorniméyhyIunarate and
mal eate, tert-butyl-3,3,4,4,55,6,6,7,7, 25

8,8, 9,9, 18i 10x¢ s hipletboxypropydedyie thiyawtkattend nul eat e,
tert-butyl-2,2,3 3-tetrafluoropropyl fumarate and nmal eate, 32

tert-buty?= bydrgxg-3- bis(sremeé;hyd@admnwpmmatwmwml@xy)

2- ethylhexXI-Z' 2', 2" -trifluoroethyl fumarate and
lylethoxypropyl (meth)acrylate,

I sopropyl -2, 2,
i sopropyl (2, 2,

mal eate, allyl-3,3
2-tr
2-tr
mal eat e, i sopropyl
4,4,

4. 4,
fluo
fluo
3,3

|
|
5
5,

2-hydroxy-3-tris(trimethylsiloxy)silylethoxypropyl
(meth)acrylate, 2-hydroxy-3-trimethylsiloxybis{pentamethyl-

10 disiloxanyloxy)silylethoxypropyl (meth)acrylate,
2-hydroxy-3-tris({pentamethyldisiloxanyloxy)silylethoxy-
propyl (meth)acrylate, 2-hydroxy-3-trimethyl-
silylpropyloxypropyl (meth)acrylate, 2-hydroxy-3-penta-
methyldisiloxanylpropyloxypropyl (meth)acrylate,

15 2-hydroxy-3-methylbis(trimethylsiloxy)silylpropyloxypropyl
(meth)acrylate, 2-hydroxy-3-(bis)(trimethylsiloxy)-
(pentamethyldisiloxanyloxy)silylpropyloxyp;opyl
(meth)acrylate,_2-hydroxy-3—tris(trimethylsiloxy)-
silylpropyloxypropyl (meth)acrylate, 2-hydroxy-3-tri-

20 methylsiloxybis(pentamethyldisiloxanyloxy)silylpropyloxy-
propyl (meth)acrylate, 2-hydroxy-3-tris(pentamethyl-
disiloxanyloxy)silylpropyloxypropyl (meth)acrylate,
dimethyl(triphenylsiloxy)silylpropyl (meth)acrylate, and
mixtures thereof.

25 3. A contact lens article according to claim 1 wherein

said fluorine-containing compound (B) is selected from the
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nal'eate, 2-ethy|hexy|-2',2' 2! - trifluoro- met hyl et hyl funarate

and nal eate, 2-ethy|hexyIL 3' R pentafluoroﬂ

and nal eate, 2-ethyl hexyl - A4 BB 6 6' 6' - nonaf |l u m"lamu"m”mﬂl l",
fumarat e and nal eat e, 2-ethy|hexy| 3,3 ,4 , 5,5,

7,7 ,8 ,8 ,8 -tridecafl uorooctyl funarate and naleate 2 ethylhexyl 3

, 3,4 ,4,5 5,6 7,7, 8,7 8,9,9, 10

10', 10", 10" - heptadecafluoﬁodgcyl fumarate and nalggte,

2-et hyl hexyl -2',2',3", 3" -tstiaf | uoropropyl fumar and nal eat e,

2- ethylhexékPéﬁe Péi,%%fa,é% é%té% t?-zf{PQEE 898&5h&§”¥5@%§a§%§and

mal eat e 'ny1 urrara € an

- cycl ohexyl g gllaﬁ%e”hftiﬁ(j. PR fi-‘%ﬁﬂuéf%fiUf?f??fﬁ@)éhﬁ[e?)‘xglfe‘éﬁrlate and

mal eat e, cycl ohexyl pent af [ uor obuty umar ate an

cycl ohexyl gdmdratd and %a“le@ﬂ@”%ﬁé&l‘i’g{f’r@xy|4f&'”§r§t€ a"d-fgBhaat e,
cycl ohexyl -3,3,4,4,5,5,6,6, 7,7,8,8,8-1trideca-'fluorooctyl fumarate and

mal eat e, Cf&b@&%hb&¥g;%u%d&é%é5aﬁﬁ)maleate, allyl

6,6,7,7,8,8 10- hept adecaf | uorodecyl funarate and nal eate,

cychohexyl (2, 2, 2~ IriEliaflos A o Humd tarbe aand andleateat e,

cycl ohexyl -2, 2,3, 3,4,4,5,5-octafl uoropentyl fumarate and nal eat e,

bi s(2, 2, 2- alililger, @e2MHr)i flutarat - tanidf b eamethyl )ethyl fumarate and
bis(2,2,2-trifluoro-1-trifluoroethyl) funmarate and 25 mal eat e,

bi s( 3, 3, 4, madepset, ablldarlotdutdyl9), 4 (b b 6 HrcnoméEhuerohexyl fumarate

bis(3,3,4,4,5,5,6,6,6-nonaf |l uorohexyl) funarate and 33
and maleate, isopropyl-2,2,2-trifluoroethyl fumarate and

~ maleate, isopropyl(2,2,2-trifluoro-1-trif1uoromethyl)'ethyl

10 fumarate and maleate, isopropyl-3,3,4,4,4-pentafluorobutyl
fumaréte and maleate,_isopropyl-B,3,4,4,5,5,6,6,6-nona—
fluorohexyl fumarate and maleate,
isopropyl-3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafludrooctyl
fumarate and maleate, isopropy1-3,3,4,4,5,5,6,6,7,7,8,8}

15 9,9,10,10,10-heptadecafluorodecyl fumarate and maleate,

isopropyl-z,2,3,3-tefrafluoropropyl fumarate and maleate,

isopropyl-2,2,3,3,4,4,5,5-octafluoropentyl fumarate and

maleate, tert-butyl-2,2,2-trifluoroethyl fumarate and

maleate, tert—butyl-2,2,Z-trif;uoro-l-trifluoromethYlethyl

20 fumarate and maleate, tert-butyl-3,3,4,4,4-pentafluorobutyl
fumarate and maleate,_tert-butyl—3,3,4,4,5,5,6,6,6-nona-
fluorohexyl fumarate and maleate,
tert-butyl-3,3.4,4,5,5,6,6,7,7,8,8,85tridecafluorooctyl
fumarate and maléafe,_tert-butyl—3,3,4,4,5,5,6,6,7,7,

25 8,8,9,9,10,10,10-heptadecafluorodecyl fumarate and ﬁaleate,

tert-butyl-2,2,3,3-tetrafluoropropyl fumarate and maleate,
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mal eate, bis(3,3,4,4,5/5,6,6,7,7,8,8,8-tridecafluoroctyl) fumarate and

mal eate, bis(3,3,4,4,55,6,6,7,7,8,8,9,9, 10, 10, 10-hept adecaf| uor odecyl)
fumarate and mal eate, bis(2,2,3,3-tetrafl uoropropyl) Meat e,
5 bis(2,2,3,3,4,4,5,5-octafl uoropentyl) funmarat H‘Mﬂ“ﬂmuaum d

m xtures thereof. 4. A contact lens article according t® cBPaim 1
wherein said radical polynerizable vinyl nononer is selected fromthe group
consi sting of ethyleneglycol di(neth)acrylate, 10 di et hyl enegl ycol

di (nmeth)acrylate, triethyl eneglycol di(nmeth)acrylate, tetraethyleneglycol
di (net h) acryl ate, dipropyl eneglycol di(neth)acrylate, trinmethylol propane
tri(meth) geryl-dutyldizgld \3, P B BB, oct af Lybropenty bhakainaradiealanydl
terephthal ate, vinyl (meth)acrylate, allyl 15 (meth)acryl ate,

di et hyl enmadlentel,bi2s-a thylheantorat 2 ' 22 b tyi byetrdbgthykefhpacayeabad
triallyl trimellitate, triallyl cyanurate, triallyl isocyanurate,

di vi nyl bemadeatedi 2-ethyddiexle; 2 ankl' 2 %t tr bfludrpedf -tEifluoro-A cont act
| ens article according to claim1 wherein 20 sai d radi cal

pol yrer i zmetdyietay Infvmarate and dealepte on2tethyibapydodsi dt'i.ng of
(neth)acrylic acid, 2-hydr0ﬁ%§th | _(neth)acryl ate, gneth)acrylic am de,
N, 2 N-di ndt' hdl'+ dachandf o QH$%4-§PT®¥?E?iGBﬁeWa ep¥Poyl norpholine, and.

mxtures Gl a0 hexy1-3,3",4,4",5,5',6',6',6'-nonafluorohexyl

fumarate and maleate, 2-ethylhexyl-3',3',4',4',5',5',6',6"',
7*,7',8',8',8"'-tridecafluorooctyl fumarate and maleate,
2-ethylhexyl-3',3',4',4',5',5',6',6',7',7',8',8',9',9"',

10 10',10',10"'-heptadecafluorodecyl fumarate and maleate,
2-ethylhexyl-2',2',3"',3'-tetrafluoropropyl fumarate and
maleate, 2-ethylhexyl-2',2',3',3',4',4',5',5'-0cta-
fluoropentyl fumarate and maleate, cyclohexyl-2,2,2-tri-
fluoroethyl fumarate and maleate, cyclohexyl-2,2,2-tri-

15 fluoro-l-trifluoromethylethyl fumarate and maleate,
cyclohexyl-3,3,4,4,4-pentafluorobutyl fumarate and maleate,
cyclohexyl-3,3,4,4,5,5,6,6,6-nonafluorohexyl fumarate and
maleate, cyclohexyl-3,3,4,4,5,5,6,6,7,7,8,8,8-trideca- ~
fluorooctyl fumarate and maleate, cyclohexyl-3,3,4,4,5,5,

20 6,6,7,7,8,8,9,9,10,10,10-heptadecafluorodecyl fumarate and
maleate, cyclohexyl-2,2,3,3-tetraf1u6ropropyl fumarate and
maleate, cyclohexyl-2,2,3,3,4,4,5,5-octafluoropentyl
fumarate and maleate, bis(2,2,2-trifluorocethyl) fumarate and
maleate, bis(2,2,2-trifluoro-l1-trifluoroethyl) fumarate and

25 maleate, bis(3,3,4,4,4-pentafluorobutyl) fumarate and

maleate, bis(3,3,4,4,5,5,6,6,6-nonafluorohexyl) fumarate and
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.25 6. A contact |ens article according to claim1 wherein said
radi cal . pol ymeri zabl e vi nyl nononer:is*selected from 34 t he group

consi sting of styrene, p-nethylstyrene o- -chlorost yrénﬁmn”nm"m) e,
vinyl acetate, vinyl propionate, vinyl pivalate, ethyi ﬂ'm”mtyl
vinyl ether, vinyl pyridine, and mixtures thereof. 7.1 " A cdntdct Sl ens
article according to claim1 wherein said starting nononmer conponents
cenprise 10 to 90 wt. % of said silicon-containing:gonpound (A) and 90 to 10
W % of said fluorine-contdini-ng conpound (B), and¥further conprise 0.1,to

50 parts by weight of said_radical palynerizable vinyl nongomer based on 100
parts by waPelgate. sBid(odpBufias AP &nd «(B)8 fr idrrahbroractyl) A

. . AP «dnd /(B Srftehf dfeR hbie
pol ymor i zat tg-l?a%%% “siftoferios! Lébigibrf‘etl.ame-[%'ﬂoéiéfzfﬁoérf)%n%n?sl

' ' { t 1]
Lorr] whor ai9r f@??%‘%ﬁé@éﬁ???gg%%%&% SBRHS Snd m#%%%ym ks
naving 2t SR aed pARS SHRRREE UG bpk el " B e TR BeAE8L. Don '

atons, an pjg(2,2,3,3,4,4,5,5-octafluoropentyl) fumarate and maleate,

and ﬁixtures thereof.

4. A contact lens article according to claim 1 wherein
said radical polymerizable vinyl monomer is selected from
the group consisting of ethyleneglycol di(meth)acrylate,

10 diethyleneglycol di(meth)acrylate, triethyleneglycol
di(meth)acrylate, tetraethyleneglycol di(meth)acrylate,
dipropyleneglycol_di(meth)acrylate, trimethylolpropane
tri(meth)acrylate, diallyl phthalate, diallyl isophthalate,
diallyl terephthalate, vinyl (meth)acrylate, allyl

15 (meth)acrylate, diethylene glycolbisallyl carbonate,
2-allyloxyethyl (meth)acrylate, triallyl trimellitate,
triallyl cyanurate, triallyl isocyanurate, divinylbenzene,

/ divinyl adipate, and mixtures thereof.
5. A contact lens article according to claim 1 wherein

20 said radical polymerizable vinyl monomer is selected from
the group consisting of (meth)acryli¢ acid, 2-hydroxyethyl
(meth)acrylate, (meth)acrylic amide, N,” N-dimethyl-
acrylamide, N-vinyl?z-pyrrolidone, acryloyl morpholine, and
mixtures thereof:

25 6. A contact lens article according to claim 1 wherein

said radical polymerizable vinyl monomer is selected from
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aromatic ring-containing group, or a straight chain or branched chain
fluoroal kyl group shown by [err] being an integer of 2 to 18 and k being an

integer of from1 to 2h. 9. A contact lens arti [ claim38
wherein said vinyl conmpound (C) is selected fromthH mlmilgl ‘W mti ng of
freth)

met hyl (meth)arylate, ethyl (nmeth)acrylate, isopropy acryl ate,
tert-butyl (meth)acrylate, cyclohexyl (nmeth)acrylate, benzyl
(meth)acrylate, and m xtures thereof. 10. A contact lens article -

accordi ng totbheagno8pwhensistiagdofi sty remenopichetBy list yxedrectaed from t he
group consisting of 2,2, 2-trifluoroethyl (meth)arylate,

2,2,2-trifl uecblorpsitireoeonethplorigit yremeh) adnyllatacetate, vinyl
,4,5,5,5-hept af | uoropentyl (neth)acryl ate,

4
,4,4,5,5, Brepéonatss | udnyheryvalmten) #thylatvdnyl ether, n-butyl
,4,4,5,5,6,6,7,7,8,8,8-tridecafl uaorooctyl_(meth)acryl ate,
4,4,5

,4,5,5, 818Y¥ etBeg,ovenyd pyridinene insdyddariur&sodd@neqdet h) acryl ate,

) 2 21- )
i ng to claim

2, 2- -té rahydr oper f| uor opoct adecyl (neth)acryl ate, 3 3-
trafluoroBrOpyI %rﬁgyﬁg&yy}%?%1ar¥1c£e ac ordX i
3

’3’4’4’§h2r919’ZaZa8s§a%t?hBe§%% %%@'ﬂ%ﬁ%%%@ﬂtéﬁggﬁ‘é¥§ lfﬁeao

90 wt.¥ of said silicon-containing compound (A) and 90 to

N' PFPWWWW
NDORFRPWWWW

10 wt.% of said fluorine-containing compound (B), and
further comprise 0.1 to 50 parts by weight of said
radical polymerizable vinyl monomer based on 100 parts by
weight of said compounds (A) and (B) summed together.

8. A contact lens article according to claim 1
wherein said radical polymerizable vinyl monomer among
said starting monomer components comprises at least one

vinyl compound (C) represented by the formula (III)

R

4

I
=c_ -

CH,=C-C
I
0

O-R5 ees (III)
wherein R4 represents a hydrogen atom or a methyl ~
group and R5 represents an alkyl group having 1 to 12

carbon atoms, an alkenyl group having 2 to 12 carbon

atoms, a cycloalkyl group having 3 to 12 carbon atoms, an
aromatic ring-containing group, or a straight chain or
branched chain fluoroalkyl group shown by CthF2h+1-k' h

being an integer of 2 to 18 and k being an integer of

from 1 to 2h.

9. A contact lens article according to claim 8

wherein said vinyl compound (C) is selected from the
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2,2,3,3,4,4,5/5/6,6,7,7,8,8,9,9, 1 10,11 11- - ei cosafl'uoroundecyl
(neth)acrylate and n1xtures t her.egf . #43-~¥:. A cont act ns article .
according to claim8 wherein sai'd startl ng rronomer co m ’mﬂ ”gﬂ,
to 70 wt. % of said silicon-containing conpound (A),

fl uorine-containing conpound (B) and 5 to 70 wt. % of sal d vinyl- corrpound
(O. 12. A contact lens article according to claim11 conprising 0.1 to
50 parts by weight of saidwwinyl conpound (C) baggd on 100 parts by wei ght

of” sai d st girioupg cosdEYEHEo rrometitsyl X nit HIGE E¥iPEe 37thyl

(meth)acrylate, 1sopropyl (meth)acrylate, tert-butyl

(meth)acrylate, cyclohexyl (meth)acrylate, benzyl
(meth)acrylate, and mixtures thereof.

10. A contact lens article according to claim 8
wherein said vinyl compound (C) is selected from the
group consisting of 2,2,2-trifluoroethyl (meth)arylate,
. 2,2,2-trifluoro-l-trifluoromethylethyl (meth)acrylate,

3,3,4,4,5,5,5-heptafluoropentyl (meth)acrylate,

~ 3,3,4,4,5,5,6,6,6-nonafluorohexyl (meth)acrylate,
3,3,4,4,5,5,6,6,7,7,8,8,8—tridecafluorooctyl'
{meth)acrylate, 3,3,4,4,5,5;6,6,7,7,8,8,9,9,10,10,10-
-heptadecafluorodecyl (meth)acrylate, 1,1,2,2-
-tetrahydroperfluorooctadecyl (meth)acrylate, 2,2,3,3-
-tetrafluoropropyl (meth)acrylate,
2;2,3,3,4,4,5,5,6,6,7,7,8,8,9,9—hexadecafluorononyl
(meth)acrylate,
2,2,3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11-

U . -eicosafluoroundecyl (meth)acrylate, and mixtures
thereof. |
11. A contact lens article according to claim 8

wherein said sfarting monomer components comprise 10 to
70 wt.% of said silicon-containing compound (A), 5 to 60

wt.% of said fluorine-containing compound (B) and 5 to 70

wt.% of said vinyl compound (C). |

12. A contact lens article according to claim 11

comprising 0.1 to-50 parts by wéight of said vinyl

compound (C) based on 100 parts by weight of

o
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said starting monomer components.
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