.'E'O 187 652 .B1 Description The present invent ion relates to a novel_'_,“-h_.i':g':"'
er absorptrve soft contact lens, and nore particularly to a hi gh
ter absorptlve soft cont act Ieaponmd%@’ma copol ymer prepared by

erred to as "(meth)acryl ate polyner ) having hydrophilic’ group
ast. orpésff!ﬂ '§‘Pner| zabl e group and hydrophilic nmonorers as nain

h@s- be ‘ vvel I -known that anmong various naterials for contact “1'ens a
it er W ip ;!gj?sttmfw‘ret higls watoysibsasplive eofisaofitac enk,yand ba daitogangat er :
er- Pt %

magliens made gkcq cqpalwgertpapared by cepolytheraing satacylate ot - -
EI o or A Qy@gg ggrreg fto gq)r(wrymrmtyaolmr")rmmmymme ;
-3pol yvi nTs ﬁJsQJee oo ey T R 8 g B ot T & By
omateri alm it MGl s f@vf'bm m @ i ref 8 i I'ﬁgggr rfaghjens tig n%goog hi‘gh
“excel | eBénshtidn WokeRHiigaDSOT PL I Ve 8roper?§/’ 3“?9 3 BB’? FInREt jens da g

“saf ety f ormaHRISMAINIP BntddSsalR Py Hbod afki me%%fg ec ° ﬁﬁeg'??@y

1*

" Vln
-physi-ol agidamihbibeve Menfichel mebridkd FRERatbri! D _
the” cor mesatdriabsatigie popeRy ahwﬁ%ﬁﬁy | g ﬁasCQ ﬂr ﬁg yes om_th sio glca o
- mai nly eant siewl badaug@Odxyysn piysidbigicaly| redii?ébefo é} fhe en Lgirto fo -
“mrent i onthd cereatbyougHovatey preghaeiinia eoritdct IBRS a N gh Bt er co tent, h
—spemarkabl dhelaetsrisl onainlyi eomposed dby palyvinyBlyrrilidoRENES leRsellem) Bropdriies a8 n%m}n&@sbo -t
water awveomufaeww hight watten sorten rindhows remarkalils’ addriotation & fayMidabpsbrtel Y
i:--‘.i'darraged“’(}ﬁ‘? ihistSypieB Mith iietsr. and eensequbnily ot s a problerlin eurstiiy GHLHRING eEs dbrAilRE
- pioblenf ﬁ"ﬁ“ B‘?'&Bral'?’ls it is.disclosed in Japanese Exanined 20 Pat ent .
Publ'i aH ?’2 ’PTS"' 6@6’@@"‘& icdsabllityy jids tibalaskd frodapanese Bxamined
i n’wz"gr ‘°"* "" ;,g)é;gx J ni y 5o S0EHtYRg bleo bobmendy fairerusing sty the rsaelge of
iZ 1' :

' g Ivinetonlethagtylate intp theapsin ¢hiaky ob e lhydrenhilic
ereby d, Y n T"':Eg jyh "W‘W@'W%W&ﬁeﬁma@'ﬁ@f {he bydsonhiti &

' b ares
RATUT & OF bl Ol B B b RS B Db S 2O |yt byl et hact v
havi B 18 JAGhSTH 5 Abive ribiant Wbn b "'"yh%ﬁ"mfj ,%,;’ ; m %r TS Ve osex

h the diiamao BaaBbI R vesLisH 'S 4508 blodite 3R tHe %ry #%'B&E‘E Ita%ég
That i sindustriaiyodudtibn hereét] paktic@biytin fa@eﬁ%ﬁtfeg thé rﬁturre ey g
: n-‘I,"y 1 hee p@pheriaablehgroupTat thé Glidldcatbrectai ' i Gt PMet’n n tr%q
pr Qductmgnatﬂdwm@di apt eiet pradubeail Adtordingly, %Gﬁa Wﬂﬁrl théhomert rg' wi th

|-y#fet Relymetht rhethacrylatst the Ipeodiiced comipiybyy BBEK coPENFor G5 the) ps chai
Q:fl ;Pﬁmoacqsevwmmzrh hyerobhilicmyonarbae, thist thdduvirifigation-ghehdmensd My Z&b&r@vh@.{ Fbgl g ap _
be f?ﬂl‘ﬂ’é’éﬂatefﬁé'éti'ﬁdleﬁg# the cotlolyrehaiyglgap kidiiiies i aBoRBERE. | s copol yner.i.zed..

© matprichmeigly seraposeded ppliyiydueyaikyleaci i@ es dloGc to 40 .
rbycrt?rr %?égg

i, matenid) is svperieni e dyremivelt prapepied Yambe intatslal bhdirlly
ylpy(rﬂlﬁignef Heweyery It hasi suehorrekiiens-the heovaten contentfis e bxygblen__-
ed’ ?fﬁ’ R iS00 %'}"“%[h?ﬂ"“?"ﬁ% frgfP dhocppeyt ait 1A dhecaspes Yrough. waleriimgregyetediin a

.I. t|es . r cl(l)ntent of the material mainly corrp_os.ec';l:
30,?%& ;f,la,yE a °q§,ﬁ§§f3‘§°p° e 4 Pl & mebTeEg o Stwoptich phetepshy togdumore

f. santal Rl Qr |nthednamcal erties to the
1q_?‘re‘iral glr ?@El ﬁnéﬁi}cﬁfrh ("{e )a %wa (rél)y By BP ??Es'ﬂ'%e\é'g’@f'gaq"i’ of paalkydanen

- pr.obl ensBL hgbi m&esym&s%a%ntaewm Sont RYUnd 93&% @ ook B ol prali G is
"-;ﬁgf enougnbleglagpﬁmmedrromthe opedﬁ alr tno?’t > g npofﬁl é i ?/\B?"gr'"f _
.- 1-pr egnaCeaiwatar-solable dipdian @proticsdment, B A- 0 129 840 di scl oses a nethod o

manuPact Ordt ingstane apbat salbdtsciromn B gloMSIEcGEting BYa) Wiker-SRb FRELZ Bids! foP Blrthdd A
df""of ‘2ptiyd agents.cand doipvatepsatudle organic substances which are poor solvents or non-solvents of ‘the*~ "~
component B, and having the weight ratio of the component A io the component B in the range of 451 e
-.55 to 20 : 80. i
, - The present invention is accomplished in order to obtain a high water-absorptive soft contact lens whrch_:_ .
f--‘-f*fdoes not have the remarkable deterioration of dynamical properties when it is swollen with water and which
‘is excellent in transparency.

_ In accordance with the present Invention, thers is provided a high water-absorptive soft contact: lens . o
_made of a copolymer comprrsmg

.- {(A) 10 to 40 parts by weight of an acrylate or methacrylate polymer having a hydrophilic greup.and at
 -least one polymerizable group in its moleculs and '

(B) 90 to 60 parts by weight of a hydrophilic monomer selected from the group consisting of N-

vinyllactam, acrylamide, N-substituted acrylamide derivative, methacrylamide - and N-substitutec_l '
" ‘methacrylamide derivative: I




: -.-._an al kyI ene glycol nono(neth)acrylate or a nononmer m xture. -
Si stl ng preponderantly of an al kyl ene glycol nono(neth)acrylate, B. a
mer..synt hesi.zed from a conporgmé 18y esgBpossessi ng a pol yneri zabf
_':bond in the nolecular unit thereof, C. a water-soluble di pol
of.i'c. solvent, and D. at |east one rrenber sel ected fromthe grou
sisti thg tetdl OUWa‘tféh& eampapants @) gach (B¢ being 490 Dﬂfﬁ)bys‘!ﬁ@h&&éﬂmﬂﬁﬁemég@
A{c) MPI@F@%Wl?t?l“émﬁ‘?‘ﬂﬁh?"l’f'gw&’t“a'ﬁ@)es whi ch are poor solvents or
tvents of the component B, and having the weight ratio of. the
fmonent A'to the gonponenty By n the rapge of 45: 55\to 20: 80. The
esert invention if acc%rr_plislled ic\fprdw tp obtgsn 4 high 5

ter-absorptive soft co ens ichl ..|.. ddes rjot have the .
mar kabl e deterioration aEhca pr pper |€:}f‘ enjit is swllen- W|th
er -and whi ch i s~ Xt anypar ency ~&TTONtAance with the .
eng I'nvention, hereli S pl’.(VI dedja h{gh water abscrptlvel‘soft conta
hs “made of a copolyner {e@nprilsi ng ((‘;ﬁ() 10 tp 40 fadtd by wei ght of ‘an-
yt-ate 'or methacryl ate lpolfyngr having & hyfirophill i ¢ {group and -at 55
t..one pol ynerizpbl e glr)o p ifn itsRiol gcul  and((B) {90 to 60 parts by :
ght of .a hydroph{lic ngmerl sel ected{frofn the]groyp consisting of N-
_y_I hact am acryl api de, R4 subgtituted afryl Elm deAderifvati ve,
h \- subst i #t éd met hacryBamhde deri vati ve; EP 0187 _
;,_'_t he tot al amount of the conponents (A) and (B) bei ng 100 parts by:
characterl zed in that sai.d conponent S a corrpound havi. % g
reln Ile,n}’ n %3 thg_eame or different and each is hydrogen a: yégrp P, rlels,a]'l Ikyl
- %12, 3 7o 8 s,ﬁ; gt bk %zt@"%”ﬁ St R o '1 r-‘-” e
. g'P'g aﬁée‘l%""ﬁ’lj rr%'?? a i r&’ oxyl group or -N- [err]
y.rrErlzabI e group, and'p, q and r are int egers to show a cont al ni'ng
) ,@f - hydrophliic groups and pol ygerizabl e groups, -satisfyi ng the
rrula 25 0. 01 . 0.01 ¢ [erg] 0p3 tghdrr r [err] - L
: ptq+r

59‘@
o

: . |
0.002 ¢ — £ 0.05,
' ptq+tr

which copolymer is prepared by copolymerizing
- (a) 98.8 to 65 % by-mole of an alkyl acrylate or methacrylate,

(b} 1 to 30 % by mole of a monomer having a hydrophilic group and

. (6) 0.2 10 5 % by mole of a monomer having at least 2 polymerizable groups in its molecule
o In the - present -invention, there can be obtained. a high water-absortive soft contact Iens excellent in. -
" transparency because the above mentioned (meth)acrylate polymer, that it is a reignforcing material, has.a "~
. hydrophilic group and at least one polymerizable group in the molecule, and is suitably copolymerized with
--the above mentioned hydrophilic. monomers, and moreover, the copolymer .is not formed in' phase‘ co
' ”separatlon structure. .
In the present invention, (meth)acrylate polymer having a hydrophilic group and at least one poly-

- merizable group in the molecule is a component in order to reinforce a formed copolymer without- = - -
remarkable deterioration of strengh and devitrification-phenomena when the hydrophilic polymer which is .
derived from a hydrophilic monomer selected from the group consisting of an N-vinyllactam, acrylamide, N- =
. substituted acrylamide derivative, methacrylamide and N-substituted methacrylamide derivate. is_impreg-- - - -
.- ~nated with water. The hydrophilic group and at least one polymerizable group are introduced intothe =
- (meth)acrylate polymer in order to reinforce the copolymer effectively without causing- devitrification- -
‘The (meth)acrylate polymer is prepared, for instance, by copolymerizing an alkyl (meth)acrylate
. monomer (a) which is used in order fo form the skeleton of the polymer, a (meth)acrylic monomer havinga . ..
hydrophilic group (b) which is used in order fo introduce a hydrophilic group into the molecule of the -
" " polymer and a monomer having at least two polymerizable groups (¢) which is used in order to lntroduoe at

leaist one polymerizable group into the molecule of the polymer. '

55 The alkyl (meth)acrylate monomer (a), the (meth)acrylic monomer having a hydrophlllc group (b) and.

- -the monomer having at least two polymerizable groups are explained below.
_ " The alkyl (meth)acrylate monomer (a) is one having linear, branched or cyclic ‘alkyl group, which may
S be substituted with a halogen. atom such as fluorine atom. Representative examples of the alkyl_ (meth)- -
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; ‘The high water-absorptive soft contact lens of the present invention can be prepared by the methods, o -
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...~ ing to the predetermined shape of a contact lens to give a contact lens having the predetermined shape, or. = -
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"+ . necessary that the contact lens is subjected to the deketalation, (a reaction that ketal groups are converted =
" ‘into hydroxyl groups) by employing usual acids after molding the contact lens, as described in Japanese = .
~_ Unexamined Patent Publication (Tokkyo Kokai) No. 176618/1983. T

L The present invention is more specifically described and explained by means of the following Examples .
...+ in which all percents and parts are by weight unless otherwise noted.
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Table 1 were enployed to prepare a (neth)acrylate pol ymer having a

phtllc group and a poly- merizable group inits nolecule and a nethyl
acryl ate pol yner not. havi rep e1éges2ahi | ic group in its nolecule;
éc“rvely Mol ecul ar- wei ghts of the obtained (meth)acrylate polyner‘j-”
~(rmeth).- acrylate polyners were respectively measured i n the sane
j?as i n Ref eNoebee Exaﬂpﬁeﬂidraﬁyéﬁhil meEBa&&&ia&iZ B The resu'

”“~M~~|nIOC r
4.~ - QH (@N Methacx.:yﬂ.p.q acg,ﬁ| O~~~ e e r4
.- . . S&R): Methyl-methamrylate 4 Cl4 0 3;:?
. (6)g Allyl methacrylate S
SnHO 4 en_. (0 | n~~~~~~~~~ LU

{7)14Ethglene glgcol5d1.rnet£\acr,ylat:e Lk On 15 p
T * X 46 (8)r~Azobisisobutyronitrile * * o Lo
7‘”~'~7~~~~:~~g 5Mn.*Number gverage molecular welght

* * **NwiSWeight average molecular weighk -
S ~ ~ =~ X 0

"Exan'!ples 1 to 23 and Comparativ Example 1

- *The hydrophilic: monomer, {meth)acrylate polymer and polymerization lmtlator shown m Table 2 'were
admixed .in amounts shown in Table 2 to give a mixture. In Examples 11 to 23, the obtained mixture dried”
with’ anhydrous sodium sulfate overnight. A polypropylene test tube having an inside diameter of 18- mm
was charged with the mixture and the polymerization was stepwise carried out at 35°C for 40 hours,- at.
50°C for 8 hours and then, the test tube was heated up to 110°C at the rate of 10°C/80 min. After the '™
product was taken out from the test tube and cured at 90° C for 2 hours, the obtained rod was subjected to .
mechamcal processing to give-a lens. The obtained lens dipped with physiological saline solutlon wa
a_nsparent excellent in strength and flexible when it was impregnated with water, )

" The film of the copolymer which thickness was about 0.2 mm and a diameter was: about 20 mm when™ "
impregnated with water, was processed from the rods; and the physucal properties of the oopolymer were .
-measured by the following méthod.

""The results are shown in Table 2.

-[Appeargnce]
. -Appearence of equilibrium wet film.is observed with the naked eyes.

[Water content]

- Water content (%)'is',calculated on the basis of the following formula.

(Weight of

e e . (Weight of
equilibrium :
: wet Eilm (g)) Y film (g)) S
Water content (%) = - ' - X 100..

Weight of equilibrium
wet film (g)

10
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[Strength index]

 Strength index is'calculate_d on basis of the following formula.

(Needle penetration , (Elongation =
strength (g)) - ratio (%))

Strength index = - _ — L
' 2 x Thickness of the film (um)

1
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165 NonoreFeicnét:daielieisgrnein Sortpaperte AbeinesVeshitsiangamit Gr Fppren (i m Nol ek U . ,
L ¢he; Kontaktlinse nach Anspruch 1, in der das genannte N-substltw er te

ryl am dderi vat . el ne : 545 ¢ . nonosubstitzui erte oder
Ndi sfbstituierte Vef bi ndi nglisf. 3 g¥ei ¢ghe Kontalgsl i nfse nach Anspruch 1
«der. das genannte subsyityiefte t hagryl am dd €i ne L
" substituierte oderagN,_ ugﬁ i taui et e eé@n%d ist. 21 A
: iV B0 Y- 0fpat |ds U mom1l*
ph87q93|dn Is B gro scoedt

s N Laqunt {t6d thont & t soudbB constiunt

b sncract G50i enceqonredanbw.w
crI't(oI carlt Ps~an:us::
(o} ﬁ%lt t(ﬁoestunc:M

=By -haute dborplOp d paf¥ije | fteN=
it ' ~efpods4j do fdrnmule
Inri?be an} s Fcl ¢ t
| e 1] (1),
- bnt |dent|1ue
ogbne olF dn

,Mdams Iaquelle R1,
acun-.un atoms d hyd

" ist, worin R, R2 und .R® gleich oder verschieden sind und jedes ein Wasserstoffatom . oder.‘eine
Methylgruppe ist, R* eine Alkylgruppe mit 1 bis 4 Kohlenstoffatomen ist, ‘R ‘sine Alkoxygruppe mit
- einer Hydroxylgruppe, eine Hydroxyigruppe oder ~N(CHs)2 ist, A eine polymerisierbare -Gruppe ist-und
"P. q und r ganze Zahlen sind, um ein Gehaltsverh#itnis der hydrophilen Gruppen und der polymensrer- :
baren Gruppen zu zeigen, daB der Formel genligt:

0.01 < d <€ 0.3 und

r
0.002 ¢ < 0.05,
P¥qtr

welches Copolymer hergestelit wird durch Copolymerisation von
. (a) 98,8 bis 85-Mol-% sines Alkylacrylats oder -methacrylats,
(b) 1 bis 30 Mol-% eines Monomers mit einer hydrophilen Gruppe und
(c) 0,2 bIS 5 Mol-% eines Monomers mit wenigstens 2 polymerisierbaren Gruppen im MolekUl

. 2. Weiche Kontaktlmse nach Anspruch 1, in der das genannte N-substituierte Acrylamidderivat. eine N- e
- monosubstituierte odsr N,N-disubstituierte Verbindung ist. : :

3. - Weiche Koniakﬂmse nach Anspruch 1, bei der das genannte N-subshtulerte Methacrylamlddenvat eme _
N-monosubstituierte oder N,N-di-substituierte Verbmdung ist. S
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roups m-thyl e; R4'eat un. com L
-é‘?'b'ohg, R5. SZ un gOoup al coxy comportant un groups hyd ups
roxyl.e ou -N(CH9)2, A set un gepepszRs2 Bydri 7 sable eJ ’

S honbres entiers indiquant |s taux de pr~sence do gro
L0 oupes pol ynbrisables, satisfaisant Ala formule: q 0 1
-_ 0315' ations.

3 ~~~~ 1 0,002 s 0,05, 40 co. cop |
~ | yndri sation de 98,8 65% on noles d'un-act.
..a)ﬁt ﬁr r1r£t OS%P'R Kgenta E!@’tf’labﬁ?@@wel’ﬁmiby'ud ‘conplymreaniprenant
:'i“'o"s:s dant un g? p jds g '“8'8 %?'Vlat%°5%@ﬁ°ml°em8$dem umogrouper ¢ -
SS~ dg,nt & ’;g'&\g’%PBV §°' ley?frrl sables. 2. Lentilse-
: n poids

' ' e BFP DEOUpSCRONStiy eyl N-
e contaci i iR m%@t&; il ﬁﬁ@f ARt oo .

Lenti11s, ja d@anf tidid dos TOMERMuE folye &a; at i L on. 1, aquel |
seldr | \édo ij) r%git.ﬁgﬁ%@gt J'ico,ggg‘;g i@hq " un c i efioy ﬁ‘g"séﬁﬁ%?ﬁ ?Lﬁiedﬂu
N N di- substitu

/ 3\ \ / \
R? ( R? Rs
| | | |
~r~CH;-(— CH.-C— CHz~(——1— .
| - ()
P ] e
AR
R¢ A
\ /e \ Jq \ Jr

- 'dans Iaquelle R', R? et R® sont identiques ou différents et sont chacun un atome d'hydrogéne ou un
" 'groupe ‘méthyle, R* est un groupe alkyle comportant 1 2 4 atomes de carbone, R® est un’ grolipe”
- . alcoxy comportant un groupe hydroxyle, un groupe hydroxyle ou -N(CHs)2, A est un groupe polymérl
-"sable et p, q et r sont des nombres entiers indiquant le taux de présence de groupes hydrophnles et d
. ....groupes polymérisables, satisfaisant & la formule :

- q |
0,01 § —— < 0,3 et
P+q+r
r
0,002 < 'S 0,05,
p.+q + r

0 .' i :ce copolymere étant préparé par copolymérisation '
(a) de 98,8 & 85% eh moles d'un acrylate ou d'un méthacrylate d'alkyle,.
(b) de 1 & 30% en moles d'un monomére possédant un groupe hydrophile, et

- (c) de 0,2 & 5% en moles d'un monomsdre possédant dans sa molécule, au moins 2 groupes
- polymérisables. '

2, 'Lentme de contact souple selon la revendication 1, dans laquelle ledit dérivé acrylamide N-substltué est
cun composé N-mono-substitué ou N,N-di-substitus.

;8. Lentille ds contact souple selon la revendication 1, dans. laquelle lodit dérivé méthacrylamlde N-
_ substltué est un compose N-mono-substitué ou N,N-di-substitué.




