DESCRI PTI ON  ( METH) ACRYLATE COMPOUND, PROCESS FOR PRODUCTI ON OF THE
COVPOUND, ( METH) ACRYLATE COPOLYMER, PROCESS FOR PRODUCTI ON OF THE
COPOLYMER, AND SOFT | NTRACCULAR LENS Technical Field The present invention
relates to a (neth)acrylate conpound and a process for the production
thereof, a (nmeth)acrylate copolynmer and a process for the production of a
(meth)acryl ate copol ynmer, and a sofgrdcirtageny ar | ens. Techni cal
Background Wth an increase in the popul ati on of aged people, the nunber
of aged patients having senile cataract has noticeably increased. For
treating a patient with cataract, the opaque |ens and cortex are renpved

and the Vi si onwizex) RERFERERACHIMbOURD, OPROBBEST Bok CPROMHCAI@PNGROtHE eNS, OF
an intraocular lens is inserted. It is a generally practiced nethod at

present to repp¥eEnbhe ﬁﬂtmmck@ﬂmﬁnéoiv@ﬁmﬁkx BROCESE I 808 UbRSDUErson n t he
capsule I n recent years as ultrasonic enul S|f|cat|on suction has cone to

be widely used, andmtFadQHRILYMES AN ITRaRNORRaR EReoh a smal |
i nci si on has been devel oped and mndely clinically used for reducing post-

surgery astigmati smand surgery invasion. This lens is a soft intraocul ar
| ens that can be inserted through a small -1 incision since its optic
portion isthenmeds0f raesa@ft material and is hence fol dable. Various

i nventions have been so far made for

The present invention relates to a (meth)acrylate
compound and a process for the production thereof, a
(meth)acrylate copclymer and a process for the producticn

of a {(meth)acrylate copolymer, and a soft intraocular lens.

Technical Background

With an increase in the population of aged people,
the number of aged patients having senile cataract has
noticeably increased. For treating a patient with cataract,
the opague lens and cortex are removed and the vision is
corrected with an ophthalmic lens or a contact lens, or an
intraocular lens is inserted. It is a generally practiced
method at present to remove the entire lens and then fix an
intraocular lens in the capsule.

In recent years, as ultrasonic emulsification
suction has come to be widely used, an inﬁraocular lens
that is insertable through a small incision has been
developed and widely clinically used for reducing post-
surgery astigmatism and surgery invasion. This lens is a

gsoft intraocular lensg that can be inserted through a small
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materials for intraocul ar | enses excellent in transparency and
flexibility. For exanple, there have been proposed an intraocular |ens
obt ai ned by copol yneri zation of a m xture containing at |east two
(meth)acryl ate nononers having aromatic rings and a crosslinking nonomner
(see JP-A-4- 292609), an intraocul ar |ens obtained by copol ynerization of

a mxture gaphalBhngidceertlkug egethekth0£¥pfeemé§nsf fnebhyacrylate
nononer, a 2-phenyl ethyl (neth)jacrylate nononmer, an al kyl (nmeth)acrylate

MoONONer ang,a«¢h;a3shihAkliBonAPRORBL 3688, JP- A-8-224295), an intraocul ar
| ens formed of a copolyner froma nononer of which a honopol yner has a

refractive index ofyglhidy iMRicht iDIPOMRR RlenValCFaz meDpekymer has a
glass transition tenperature of |less than 30C and a crosslinking nononer,

and the |ikgcksgaldapanresarribaishat 18AsyEr 8ked1Nen8- PA3ELEnshakElcy
Application). Al of these intraocul ar | enses have transparency and

flexibilityrangianendefie,mmbebe, cgampal theyeCRAvBChebASErbLEsEAr @Hgh a
relatively small incision. After such an intraocular lens is inplanted in

a
the eye, hQWQ!ﬁbcu§a§01eﬁﬁlb%@aghéatﬁpiEep5m§m@ﬂeaaﬁibﬁk@§ 8l aggeut@ which
the transparency of the intraocular Tens is greatly decreased or renoved

due to numepeus gLl agdndehatgewwatpecAvBbk-0satthabnenherkhpyghhgt o be
caused by a phase séparation of water that has infiltrated into a | ens

material, Gremsthe rZnh8nanfBbetrabsltaAkif¥eneasneg (Beeahpve-gli stening
problem there have béeen proposed a copolynmer fornmed fromonly one nmain

292609), an intraocular lens obtained by copolymerization
of a mixture containing a perfluorcoctylethyloxypropylene
(meth)acrylate monomer, a 2-phenylethyl (meth)acrylate
monomer, an alkyl (meth)acrylate monomer and a crosslinking
monomer {see JP-A-8-224295), an intraocular lens formed of
a copolymer from a monomer of which a homopolymer has a
refractive index of 1.5 or more, a monomer of which a
homopolymer has a glass transition temperature of less than
30°C and a c¢rosgslinking monomer, and the like (see Japanese
Translation Version No.8-503506 of PCT Application).

All of these intraocular lenses have transparency
and flexibility and are deformable, so that they can be
inserted through a relatively small incision. After such an
intraocular lens is implanted in the eye, however, a so-
called glistening phenomenon takes place, in which the
transparency of the intraocular lens is greatly decreased
or removed due to numerous small and large water bubbles
that are thought to be caused by a phase separation of

water that has infiltrated into a lens material, from the
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aryl acrylic hydrophobi c nonomer and one main hydrophilic nononer present
I n an anmount that is not larger than the anobunt of the fornmer (see

JP- A- 2001- 316426) and a soft intraocular lens that is formed of a polyner
obtained by polynerization of a nononmer conponent containing a

hydr ophi |l i ¢ nononmer and that has a water absorptivity of 1.5 to 4.5 % by
wei ght (seecdB-Asddz95998). It can be thought that these materials can
inhibit the phenonenon of glistening, etc., which occurs after the

i mplantation of anpgHt LRRGELAN ge@ﬁelﬁbbbé gyestgnmﬁg prbplemer there
hydrophilic nononer is contained, the refractive index is decreased.

Fur t her, “ﬁsﬂeabééﬂrBPpréédaneaﬁbl 88 hr @smea hyesmxyel P ydnerahdmer yl at e
("HEMA" hereinafter) used, the phenonmenon of cal ci um deposition takes

pl ace, whhgplnayrp@§élHyarsﬁuéslbh@oﬁ@mérfaﬁ@téﬂ@ Bhid hedsophflid her,
when a hydrophilic nmononmer such as N vinylpyrrolidone is used, the

polyﬁer'Zahbﬁaméeaﬁkégéhﬁ iRYanbemeest eesge 88tnap y@i@@ﬁtﬁﬁbﬁmtmmer may be
el uted. Further ere is proposed an intraocular lens mterial that is a

copol yner ghbahBedsbyhBokyRErzakbanIpia-200DN918424) Xatk €a COBE @I Ni Ng
2- hydr oxy- 3- phenoxypropyl acrylate as a nononmer conponent and a

crosslinki ngcag6phlat)PeAs8thd8528) folhed COPOoh yIBl yHes Cobbeihéd by
JP- A-8-173522 exhibits -3 |low tackiness (|l ow adhesion), a | ow water

content and oﬂ%&@rlﬁgﬁﬁéﬁtbf|EYmohBMQYeéompBﬁeﬁteﬁ@ﬂtaiﬁﬂﬁ@t@rS have
ascertained that this copolynmer is insufficient for
hydrophilic monomer and that has a water absorptivity of
1.5 to 4.5 % by weight (see JP-A-11-56998).

It can be thought that these materials can inhibit
the phenomencon of glistening, etc., which occurs after the
implantation of an intraocular lens in the eye. 8ince,
however, a hydrophilic monomer is contained, the refractive
index is decreased. Further, when a hydrophilic monomexr
such as 2-hydroxyethyl methacrylate (“HEMA” hereinafter) is
used, the phenomenon of calcium deposition takes place,
which may possibly cause the opacification of a lens.
Further, when a hydrophilic monomer such as N-
vinylpyrrolidone is used, the polymerization reactivity may
be decreased and an unreacted monomer may be eluted.

Further, there is proposed an intraocular lens
material that is a ccpolymer obtained by polymerization of
a monomer mixture containing 2-hydroxy-3-phenoxypropyl
acrylate as a monomer component and a crosslinking agent
(JP-A-8-173522) .,

The copolymer described in JP-A-8-173522 exhibits
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I nhi biting the glistening phenonmenon although it contains, as a structural
unit of the copolyner, a unit derived from a hydroxyl-group-containing
nononer such as 2-hydroxy-3- phenoxypropyl acrylate (see Conparative
Exanple to be described later). Disclosure of the Invention The present

I nventi on has been nmade for overcom ng the above problens, and it is an

obj ect of §hg eheren ss! tyent 58ReEOoRY OVhdEon PRVEL é8BEbnEciyd ahBgionpound
and a process tor the production thereof, a (nmeth)acrylate copolyner

having a uppt detiyedyf ramdfebore drmidnaciaieomannd, having high
refractivity and having both flexibility with which a |lens forned

therefro”‘a%@e&?%gﬂghetﬁag thanspapsnfmetapabli RsQf fPEEURALERY (free of)
the occurrence of the glistening, a process for the production of the

above (meth)ag oLY¥ 1gaphehbmehBh" 8PEHOAGN | eASc6RERIAS| Ng the
above (netﬁ%ggé¥kgﬁ E@%p%%?%%?agggrpaghigsing t he a%%ve ob?ect, thL

present inyeqt 181 Legent sbpdifpedNdaagndc r@seitedareomf ound a
novel (net%%agrngFgﬂggﬁgggﬁée éurther tﬁey?ﬁgve afoIllmd t hat ?he aggve

obj ect Canabﬁgagek?ie%reﬁpacoﬁﬁﬁ&ﬂlﬁﬁrMbﬁbﬁeEOQQbM”§é baniAgoRyunit derived
fromthe -4 above (nefh)acryl ate conpound. The present invention has been

according'%h%ﬁgﬂbéEégleBékylétetQ@e@r@éﬁﬁhrh@yeétEQQmﬁI@VtSGBé (1) a
(meth)acrylate coimpound of the general

described later).

Disclosure of the Inventicn

The present invention has been made for overcoming
the above problems, and it is an object of the present
invention to provide a novel (meth)acrylate compound and a
process for the production thereof, a (meth)acrylate
copolymer having a unit derived from the above
(meth) acrylate compound, having high refractivity and
having both flexibility with which a lens formed therefrom
is foldable and transparency capable of preventing (free
of) the occurrence of the glistening, a process for the
production of the above (meth)acrylate copolymer and a soft
intraocular lens comprising the above (meth)acrylate
copoclymer.,

For achieving the above object, the present
inventors have made diligent studies and as a result have
found a novel {(meth)acrylate compound. Further they have
found that the above object can be achieved by a

(meth)acrylate copolymer having a unit derived from the
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formula (1), R ~Y-R2-OH H2C=-CCOR2-Y/ (I) wherein RL is a hydrogen
atomor nethyl, R2 is a linear or branched al kyl ene group having 1 to 8
carbon atons and Y is a single bond or an oxygen atom (2) a process for
the production of a (nmeth)acrylate conmpound recited in the above (1),
whi ch conprises reacting a conpound of the general fornmula (11), Rl

H2C=C- CX (kbbveO (WhehehorFiats éoHﬁgﬁﬁgen PHO P st Niytveaitdi o It
hal ogen atom with a conpound of the general formula (111), Y-R2-OH

O+ R2-Y \  pekhl hekothengi) B2mp3edehi.near or branched al kyl ene group
having 1 to 8 carbon atons and Y is a single bond or an oxygen atom (3) a

(meth)acryl ate copathyter: Ol -dient- I rRRPRIIVIE Preatides ;of a monomer
m xture containing a nethacrylate nonomer (A) of the general forrmula (1),

R R2-OH HC=C C QiR2-3Y dmdtH)ldcrpRieLiddngbung fhytieogemeatiam or net hyl,
R2 is a linear or branched al kyl ene group having 1 to 8 carbon

formula (I),

R4

— _Y—R5-OH
HzC=é—§—o—R2—Y—g (1)

wherein R, is a hydrogen atom or methyl, R; is a
linear or branched alkylene group having 1 to 8 carbon
atoms and Y is a single bond or an oxygen atom,

(2) a process for the production of a
(meth)acrylate compound recited in the above (1), which
comprises reacting a compound of the general formula (II),

'?1
Hzc-"—‘c—ﬁ—x (I

wherein R; is a hydrogen atom or methyl and X is a
halogen atom,

with a compound of the general formula (III),
—_Y—Ry-OH
OH—R,=Y \ (Hl)

wherein R, is a linear or branched alkylene group
having 1 to 8 carbon atoms and Y is a single bond or an
oxygen atom,

(3) a (meth)acrylate copolymer obtained by
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atons and Y is a single bond or an oxygen atom a nononer (B)

copol yneri zable with the (neth)acrylate nononer (A) and a crosslinking
nmononer (C), (4) a (neth)acrylate copolyner as recited in the above (3),
wherein a unit derived fromthe nmononmer (A) and a unit derived fromthe
nmononer (B) have a mass ratio (a nass of the unit derived fromthe nononer

(A2 s Bbohifernll der bited FoARNEDenTRAARRY OB )iQind/ 99 Lo 40160 (5)

a (nmeth)acrylfate copolyner as recit In the above (3) or (4), wherein the
mononer ( B}nettaa%%leﬁatt%d mbbOfflez? (APNBEPEREELnREaL NEoBRAgRATfOT MUl A (1),

R3 H2CG=C-COR4 (1V) wherein R3 is™a ydrogen atom or nethyl and R4
Is a linear or branch aIkyI group having 3 to\éz atons, or a
mononer (B2) of the gergfal formula (V), Y- Ar (V) 11 O -6
wherein R5 is a h -a L.[JE R6 iS a S|ngle boan r a linear
or branched al kyl erffe groupjyjhavi ng 2 to n atons, Y is si ngl e bond
or an oxygen atom and Ar a substitute non-substituted phenyl group
or 4- (a, (x-dinethylbenzyl’)phenyl,

wherein R; is a hydrogen atom or methyl, R:; is a

linear or branched alkylene group having 1 to 8 carbon
atoms and ¥ is a single bond or an oxygen atom, a monomer
(B) copolymerizable with the (meth)acrylate monomer {(A) and
a crosslinking monomer (C),

(4) a (meth)acrylate copclymer as recited in the
above (3), wherein a unit derived from the monomer (A} and
a unit derived from the monomer (B) have a mass ratio (a
mass of the unit derived from the monomer (A)/a mass of the
unit derived from the monomer (B)) of 1/99 to 40/60,

(5) a (meth)acrylate copolymer as recited in the
above (3) or (4), wherein the monomer (B) is selected from
a monomer (B;) of the general formula (1IV),

1?3
H20=C—(|3|-—O—R4 (V)

wherein R; is a hydrogen atom or methyl and Ry is a
linear or branched alkyl group having 3 to 12 carbon atoms,

or a monomer (Bz) of the general formula (V),

Rs
|
HC=C—C—0—Rg-Y—Ar (V)
O
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(6) a (neth)acrylate copolyner as recited in any one of the above (3) to
(5), which contains a unit derived froma nononer having capability of
absorbing ultraviolet ray. (7) a (meth)acrylate copolynmer as recited in

the above (6), which contains 0.05 to 3 nass% based on the

total anmount

of a unit derived fromthe nonomer (A) and a unit fromthe nononer (B), of
a unit derived fromyidie i "HOTBI sNAYEPEgEAPARLMI &Y QéLRPEOrRI Nigs W travi ol et
ray, (8) a (meth)acrylate copolyner as fecited in the above (6) or (7),
wherein the;penembnRaki-ng ¢apahi| bEYbQBncﬁééoéPkageﬂét%@Mﬂxﬁ'Réviﬁ%a} .

[

conpound of the formula (VI), CH3 CH3 ( N\N H3 2C=C-

- O (CH2) 2

-CH3 (V1) ©.08 €H3b6R) arofmdet B) aer ¥| 8t 8gtePBLYAESragn! 8846 hPomnyndone of
t he above (3) to (8), which contains a unit derived froma nonomer having

capabi | ity aef i%o|aO"siuBQtE‘LBﬁteﬁ”%_&*hh@ﬁr—MhBE@iEQ@@BYﬁBén%D yebhpvor(40) a

(meth)acrylate copolynmer as recited in the -7 above

9), which contains

0.005 to 013,Gﬁ%ﬁme?%@@%eﬂ%%ﬁ?%heh?ﬁ?' anmount of a unit derived fromthe

nmononer (A) and a unit fro

e nmononmer (B), of the unit derived froma

monomer having capafy)l id yneft Hlcani1ng o ke goTshdelaey ks tedopal wwer in

yellow, (11) A (meth)acrylate copolynmer as recited in the

one of the above (3) to (5), which contains a unit derived
from a monomer having capability of absorbing ultraviclet
ray.

(7) a (meth)acrylate copolymer as recited in the
above (6), which contains 0.05 to 3 mass%, based on the
total amount of a unit derived from the monomer (A) and a
unit from the monomer (B), of a unit derived from the
menomer having capability of absorbing ultraviolet ray,

(8) a (meth)acrylate copolymer as recited in the
above (6) or (7), wherein the monomer having capability of

absorbing ultraviolet is a compound of the formula (VI),

CHj
=
CH, N | CHs
= NN (V1)
Hzc—C—ﬁ—O—(CHz)z N <|:—cH3
OH CH;

(9) a (meth)acrylate copolymer as recited in any

one of the above (3) to (8), which contains a unit derived

from a monomer having capability of coloring the

(meth)acrylate copolymer in yellow,

(10) a {meth)acrylate copolymer as recited in the

.



above (9) or (10), wherein the nonomer having capability of coloring the
(nmeth)acrylate copolyner in yellowis a conpound of the formula (VIl), OCH
ON~CN(VII) NHNCHI HN O H3C CH2 (12) a process for the production
of a (meth)acrylate copol yner, which conprises copolynerizing a nononer
m xture contai ning a nononmer (A) of the general formula (1), RL ~Y-R2-CH

H2C G C (| hpobd (@) R2wHikK/€8nMashe! §. B5! 800Ny dnaeEe, abasear oty |, R2
is a linear or branched al kyl ene group having 1 to 8 tarbon atons and Y

is a snngl%oQgﬁdaﬁbua@ etygennat ol ravBANEWBH (B: MORGh¥EE(AYakhe Mith the
nmononmer (A) and a -8 crosslinking nononer (C), in the presence of a

pol ymer i zat g ¢aLal ¥ek ABAGAErUNES!, B8rCeRd L1hop wWBei¢edl EBBH &S applied,
and (13) a soft intraocular |lens conprising a

monomer having capability of coloring the (meth)acrylate
copolymer in yellow,

(11) A (meth)acrylate copolymer ag recited in the
above (9) or (10), wherein the monomer having capability of
coloring the {(meth)acrylate copolymer in yellow is a

compound of the formula (VII),

OH O
NN N (Vi)
’ i\ H l
N N
CH; HN
0O
HaC
CH5

(12) a process for the producticn of a
(meth)acrylate copolymer, which comprises copolymerizing a
monomer mixture containing a monomer (A) of the general

formula (I},

IT1 _/Y—RQ-OH
HoC=C—C—0—R,-Y |
R T @ "

wherein R; is a hydrogen atom or methyl, R; is a
linear or branched alkylene group having 1 to 8 carbon
atoms and Y is a single bond or an oxygen atom,

a monomer (B) copolymerizable with the monomer (A) and a



(meth)acrylate copolyner recited in any one of the above (3) to (11).
According to the present invention, there can be provided a novel
(meth)acryl ate conmpound and a process for the production thereof, a
(meth)acrylate copolynmer having a unit derived fromthe above
(meth)acryl ate conpound, having high refractivity and having both

flexibilityraskhiwWhiel fonb8BE f(ef Mednt breeprestheef 8Edabl e and
transparency capable “of preventing (free of) the occurrence of the

gl i steni ngpcaymRhee883chotatBeyBEOdHAY benuAliethe abryer (6Bt hhasey! ate
copolynmer and a soft intraocular |ens conprising the above (neth)acrylate

copol ymer. 1Best MdappheegPracticing the Invention [(Mth)acrylate conmpound
and process for the production thereof] First, the (nmeth)acryl ate conpound
of the pregemt invention will be explained. It should be understood that
"(nmeth)acrylate" as used in the present specification neans both an

acrylate and a net hacyyylatd £eThe tRIduAGT Mleize @iehgoly the present
i nvention is represented by the general formula (1), -9 Rl -R2-CH

H2C=C- C- O RRe¥hh abk)1aOeWbepeiymBE ecatBidiaogayabas 6F eRéhybev&2 is a
| i near or branched al kyl ene group having 1 to 8 carbon atons and Y is a
si ngl e bond309r «an (@xygen atom
According to the present invention, there can be
provided a novel (meth)acrylate compound and a process for
the production thereof, a (meth)acrylate copolymer having a
unit derived from the above {meth)acrylate compound, having
high refractivity and having both flexibility with which a
lens formed therefrom is foldable and transparency capable
of preventing (free of) the occurrence of the glistening, a
procegs for the production of the above (meth)acrylate

copolymer and a soft intraocular lens comprising the above

(meth) acrylate copolymer.

Begt Mcdes for Practicing the Invention
[ (Meth)acrylate compound and process for the production
thereof]

First, the (meth)acrylate compound of the present
invention will be explained. It should be understood that
"(meth)acrylate” as used in the present specification means
both an acrylate and a methacrylate.

The (meth)acrylate compound of the present

invention is represented by the general formula (I),
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The (nmeth)acryl ate conpound of the present invention, represented by the
general fornmula (I), is not registered in CAS REG (Chem cal Abstract
Service Registry) and is a novel conpound that is not described in any
docunent. In the general forrmula (1), the group of CH2=CRl1- CO O R2-Y and
the group of -Y-R2-OH are preferably substituted on the 1-position and
3-position of the pﬁ@nyl group or on the 1- p ?ﬁbqggpd 4-position of the
phenyl group. R2 i he general for |ncI e for exanple, a

met hyl ene gr oyy,C ene group, sopr opyl ene
group, a butyle%e group a hexj%ene g\Q nd an |sohexyl ne group. The
nunber of carbon atons(gf R2 is prefe y 1 to 7, nore preferably 1 to 6
still more preferably 1 to 3. That Y is a single bond in the gener al

formula (1) means e it ®,04R 8f hFdragdnt RecRhenyhe BRPUP RPNiG t:p each
other directly. Specific exanples of the (nmeth)acryl ate conpound of the

gercl)eraffll f%‘lgﬂbélr( tc:.)): beahudeqat Bex{0khew;rEupORROEAEST tolf &xtb&HO-CH O O

rop

atomg and Y is a gingle bond or an oxygen atom.

The (meth)acrylate compound of the present
invention, represented by the general formula (I}, is not
registered in CAS REG (Chemical Abstract Service Registry)
and is a novel compound that is not described in any
document.

In the general formula (I), the group of CH2=CR;-
CO-0-R;-Y and the group of -Y-R,-OH are preferably
substituted on the l-position and 3-position of the phenyl
group or on the l-posgition and 4-position of the phenyl
group.

Ry in the general formula (I) includes, for example,
a methylene group, an ethylene group, a propylene group, an
isopropylene group, a butylene group, a hexylene group and
an isohexylene group. The number of carbon atoms of R; is
preferably 1 to 7, more preferably 1 to 6, still more
preferably 1 to 3.

That Y is a single bond in the general formula (I)
means that a group of R; and the phenyl group bond to each
other directly.

Specific examples of the (meth)acrylate compound cf

the general formula (I) include the following compounds.

-10-




~O0~~ 0O OO __ OH The process for the production of a (nmeth)acrylate
conpound, provided by the present invention, wll be explained below The
process for the production of a (nmeth)acrylate conpound, provided by the
present invention, conprises reacting a conpound of the general formula
(1), R1 H2CCC X (11) O wherein RL is a hydrogen atom or nethyl and X
Is a halogen atom and a conp Gﬁa—eioggg/ggneral formula (I11), --R2-OH
OH R2 wherein R2 is i br #hche®” al K§Hene group having 1 to 8
carbon atons amd s a single d or an oxygen atom -11 In the general
formula (1), Xis chlorine atom bromne atom or the like, and X is
atom R2 and Y in the general formula (111) have the

preferably a chlorinpe
same definitionﬁ_ﬂf\those of R2 and Y, thB above generq5H formula M
= o 2 YW dad

=_ﬂ/o\/\/\/\°/©— 0

O
i ‘_ OH
= N NN
NP

The process for the production of a (meth)acrylate
compound, provided by the present invention, will be
explained below.

The process for the producticn of a (meth)acrylate
compound, provided by the present invention, comprises
reacting a compound of the general formula (II},

|?1
HzC=C-—-ﬁ-—X (1)

wherein R; is a hydrogen atom or methyl.and X is a
halogen atom,

and a compound of the general formula (III),

,ﬁ,ifz,)v—-+22—C)kl
OH—R,—Y \\ // (1)

wherein R; is a linear or branched alkylene group
having 1 to 8 carbon atoms and Y is a single bond or an

oxygen atom.
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In the process for the production of a (neth)acrylate conpound, provided
by the present invention, the reaction of the conpound of the general
formula (11) wth the conmpound of the general fornmula (111) is preferably
carried out in a solvent in the presence of a catalyst. Concerning the
anounts of the conpound of the general fornmula (11) and the conpound of

the general formilg, (dHd lgdrdiSEFordifla (Mahar x dld @ cATRHiheOhtbhe
conmpound of the general fornmula (11)/anount of the conmpound of the general

fornula (1kkbhihe BEeher 8kl ¥nd5h%Ret 0aRA9%, 1sn?fefei~e1fa£yaal ¥h#@+6Ret 0

15/85. The sol vent can be preferably selected fromcyclic ether solvents
such as THgtGket rahydrof uran), di oxane and trioxane, while the sol vent
shall not be limted thereto. The catal yst can be preferably selected from

am ne conpounds sugchaag T kAt Bméa%ﬂeramdfsr@hmal et hyl ag-aeca@dsamyri di ne
conpounds such as 2,6-lutidine, while the catalyst shall not be limted

t hereto. Aate@&n%mhgt ke@Nt@bskhefr RACAMONY n Shaltdlehre CEHatdl NY a
reaction product is subjected to extraction, -12 concentration,

purificati garm@h&. .(18S required, whereby the I nt ended (neth)acrylate
conmpound can be obtained [(Meth)acryl ate copolyner] The (meth)acrylate

copol ymer of the presaHe grdeid Edd &y@h@f;@@b@tu&m e&l lay a copol yner

obtai ned by copolynerizing a nononer m xture containing a
(meth)acrylate compound, provided by the present invention,
the reaction of the compound of the general formula (II)
with the compound of the general formula (III) is
preferably carried out in a solvent in the presence of a
catalyst.

Concerning the amounts of the compound cf the
general formﬁla (II) and the compound of the general
formula (III) for use, their molar ratio (amount of the
compound of the general formula (II)/amount of the compound
of the general formula (III)) is preferably 45/55 to 5/85,
more preferably 40/60 to 15/85.

The solvent can be preferably selected from cyclic
ether solvents such as THF (tetrahydrofuran), dioxane and
trioxane, while the solvent shall not be limited thereto.

The catalyst can be preferably selected from amine
compounds such as triethylamine and diethylmethylamine and
pyridine compounds such ag 2,6-lutidine, while the catalyst
shall not be limited thereto.

After completion of the reaction, a solution

containing a reaction product is subjected to extraction,

-12-



(meth)acryl ate nmononer (A) of the general formula (1), R ~Y-R2-OH
H2CCCOR2-Y\ / (1) wherein RL is a hydrogen atomor nethyl, R2 is a
| i near or branched al kyl ene group having 1 to 8 carbon atons and Y is a
si ngl e bond or an oxygen atom a nononer (B) copolynerizable with the
(nmeth)acrylate nononmer (A) and a crosslinking nmononer (C). As a

(nEth)aCfYEéh%eHEBQHEEn(A%ur@@@caﬁibﬂp 8EcDr 8y +8BLITEE] Vikaé LelsppiRainds
sel ected fromthe above nmet h) acryl at e conpounds of the present invention

can be usedreaRdasRReth) BceyrAREEsoHPENRA cahepal spLailgeg. which are
al ready described as specific exanples of the (neth)acrylate conmpound of

the present| (MBYBEL@D1aBLNE8pbNOmERRt h) acryl ate copol yner of the present
i nvention contains a“unit derived fromthe (neth)acrylate nononmer (A as a

structural unit, thed effad)iteyi1REeX RpaymeePelty e peelenebt ai ned can be
| nproved, and when the (neth)acrylate copolyner is processed in the form

of an intrageHtabn! €8SchhkgcpBengrenan1{yhat copbainert 86taiged rigpsparency
of the lens, such as the glistening phenonenon, can be inhibited. The

nonomer ( BhopBthHdesz9Rg ar mb¥emek MRkEur8DBEABASnEAGOLYNErizable with the
nmononer (A), and exanples thereof include various (neth)acryl ate nononers

(excl udi ng (nkig) BRRYTBEe( AbhomkR RAJL bEULRE, gbhet8l pESiRUIL (LD, USe a
nononer (Bl) of the general fornula (1V),

R Y—R,-OH
H C'-c':1 C—0—R,=Y T
2 i Y/

(1)

wherein R; is a hydrogen atom or methyl, R; is a
linear or branched alkylene group having 1 to 8 carbon
atoms and Y is a single bond or an oxygen atom,

a monomer (B) copolymerizable with the (meth)acrylate
monomer {A) and a crosslinking monomer (C).

As a (meth)acrylate monomer (A), one or two or more
(meth)acrylate compounds selected from the above
(meth)acrylate compounds of the present invention can be
used, and specific examples thereof are also those which
are already described as gpecific examples of the
(meth) acrylate compound of the present invention.

Since the (meth)acrylate copdlymer of the present
invention contains a unit derived from the (meth)acrylate
monomer (A) as a structural unit, the refractive index of a
copolymer to be obtained can be improved, and when the
(meth)acrylate copolymer is processed in the form of an

intraocular lens, the phenomenon that impairs the

-13 -




R3 H2CG=C-COR4 (IV) Omwherein R3 is a hydrogen atomor nethyl and R4 is
a linear or branched al kyl group having 3 to 12 carbon atons, and/or a
nononer (B2) of the general fornmula (V), RS H2C=C-COR6-Y-Ar (V) 1 1 O
wherein R5 is a hydrogen atomor nethyl, R6 is a single bond or a linear
or branched al kyl ene group having 1 to 8 carbon atons, Y is a single bond

or an oxygeRa akpal-aRdy AF ikhed 1343St Istd&@c&sortmaglsl%émt gohdtismtorgr oup
or 4- (a, (x- dlnethylgenzyl)phenyl When t he nonomer (Bl) and/or t he

mononer (32hnake/ kshiksedgas the nononer (B), there can be obtained a
copol ymer inparted with flexibility, and when the copolyner is processed

in the formof an ifd %Qﬁkh%&-H@ﬂsunkﬁ%debnbh@06¥|%%o'%&smb§e935'|y
fol dabl e. The nunmber of carbon atons of R4 in the general -14 formula (1V)

is preferapbhoset@ é@poﬂ?&@r@&gﬁ§éaahﬂh3thé ﬁonoﬁ@@cki)c APk espPést he
nononer (Bl) of the general fornmula (1V) iInclude n- butyf (meth)acryl ate,

| sobutyl (pRERLaEr yhatGdel $92%ls( Wﬁél@h%éi‘%’@é@e R&x¥hers W@éﬂ@&ﬁ@dyﬂ@te

2- et hyl hexyl (neth)acrylate, n-octyl acryl ate, isooctyl

(meth) acrykatenmcdem¥l (a)). In particular, it is preferred to use a
monomer (B;}) of the general formula (IV),

||?3
HoC=C—C—0—Ry (V)

wherein R; is a hydrogen atom or methyl and R, is a
linear or branched alkyl group having 3 to 12 carbon atoms,
and/or a monomer (B;) of the general formula (V),

|?5
HZC=C—ﬁ.—O—R6—Y—Ar (V)

wherein R; is a hydrogen atom or methyl, R¢ is a
single bond or a linear or branched alkylene group having 1
to 8 carbon atoms, Y is a single bond or an oxygen atom and
Ar is a substituted or non-substituted phenyl group or 4-
(a0, a-dimethylbenzyl) phenyl.

When the monomer (B;) and/or the monomer (B;) are/is
used as the monomer (B), there can be obtained a copolymer
imparted with flexibility, and when the copolymer is
processed in the form of an intraococular lens, the
intraocular lens is easgily foldable.

The number of carbon atoms of Ry in the general
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(meth)acrylate and isodecyl (neth)acrylate. The nunber of carbon atons of
R6 in the general formula (V) is preferably 1 to 7, nore preferably 1 to
6, still nmore preferably 1 to 3. That Y is a single bond in the general
formula (V) nmeans that a group of R6 and a group of Ar bond to each other
directly. Specific exanples of the nononer (32) of the general fornula (V)

i ncl ude 2- @B%ﬁﬁhﬁtWXV)(HEtB}éﬁé¥BB§g 3 @oeiBY|ﬁBféoéyeféF&BifC§Y¢@I§;
phenyl (rneth)acrylate, benzyl )acryl ate, 3-phenyl propy

(meth)acrylate, 4- hgiiutyla h#CkHeat@ndfdrd-(B(X. 8f the
di met hyl benzyl ) phenoxyet hyl (neth)acrylate. In addition to the above

mononers, LARewRNORBEmiBA (t??'HH@§uﬁéUHEbﬁ€%20@&étH)QSr&DEEQ)aCfV'ateS
such as pérfluorooctyl et hyl oxypropyl ene nethacrylate and trifluoroethyl

”Ethacry|aE%obhEythm@€B§Qb§9i¥hételEQQ@&Y”?ﬁeQﬁ)&@?ypéﬁéenﬁexyDVent'0”

the mass ratio o he unit ffomthe nonofrer d the unit derived from
the rmnorrer(m(a%h (a%giaeé tbeeeﬁ !Lheicwm ﬁ@%g@@?g{fétwﬁn@é of the unit
derived fromthe - nononer I s” preferabl /99 to 40/ 6 nor e

br ef er abl y (naL89 aboy3aLL). 1;eaaty§ (ﬁm@@hﬁ&@f‘?ia@é t4gcynit from the monomer
(A) contained in the copolyner is preferably 1 to 40 nass% nore

From the roneral SChl and The untogar vago aceymicel The unil derived

The number of carbon atoms of R¢ in the general
formula (V) is preferably 1 to 7, more preferably 1 to 6,
gtill more preferably 1 to 3.

That Y is a single bond in the general formula (V)
means that a group of Rg¢ and a group of Ar bond to each
other directly.

Specific examples of the monomer ({B;) of the
general formula (V) include 2-phenylethyl (meth)acrylate,
2-ethylphenoxy (meth)acrylate, phenyl (meth)acrylate,
benzyl (meth)acrylate, 3-phenylpropyl (meth)acrylate, 4-
phenylbutyl (meth)acrylate and 4- (o, 0~
dimethylbenzyl)phenoxyethyl (meth)acrylate.

In addition to the above monomers, the monomer (B)
includes fluorine-containing (meth)acrylates such as
perfluorococtylethyloxypropylene methacrylate and
trifluorcethyl methacrylate.

In the (meth)acrylate copolymer of the present
invention, the mass ratio of the unit from the monomer (A)
and the unit derived from the monomer (B) {mass of the unit

from the monomer (A)/mass of the unit derived from the
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fromthe nmononer (B) . Wien the above amount of the unit derived fromthe
nmonomer A is less than 1 mass, it is difficult to produce an effect that a
decrease in transparency (so-called glistening and the like) is

i nhibited. When it exceeds 40 mass, undesirably, the conpatibility of the
nononers to each other conmes to be poor. Further, the amount of the unit

derived freghbher MBPONEE F)?Ef@?ﬁb@gr@?@bntbh@0¢999|MB?é pBepELABIRbl y 60
to 99 mass, nore preferably 70 to 95 mass% based on the total anount of

the unit derigwedof sgpypbhe monomer (A) and the unit derived fromthe
mononer (B). Wen the anmpbunt of the wunit derived fromthe nononer (B) is

I ess than 60 nass, THdie i&OMRME Rinlduint Of ke MRNMELSm @heatbnomBer CONes
to be poor. Wien it exceeds 99 nmss, it is difficult to produce an effect

that a decrgaseohBalihaBSRAr eReYycbpeigakkeds gristeably andothe hakey, is
I nhi bited. The crosslinking mononer (C) refers to one or two or nore

nonomer s t hakeCprelerdnt9 8necorobphBsef bhBed BRNERErté&fhl aadothie epnoner
(B). When the crosslinking nononer (C) is used, the -16 plastic

def or mat i ophef vaikensrsaBaberpmeyBRt Rdnandrt Ie) | @8 tBanuhet f gethesd
I mproved in nechani cal strength when an obtained copolyner is processed in

the form offran ene. mExamRkeIBYL tiitel’@tes| dldard GanaiTesf (KBe iurnitude

1, 9- nonanedi ol di (neth)acrylate, ethylene glycol di(neth)acrylate,

2- hydr oxy- He3idemeirbiraehyl axyiBheRaneis less than 1 mass%, it is
difficult to produce an effect that a decrease in
transparency (so-called glistening and the like) is
inhibited. When it exceeds 40 mass$%, undesirably, the
compatikbility of the monomers to each other comes to be
poor.

Further, the amount of the unit derived from the
monomer (B) contained in the copolymer is preferably 60 to
99 mass%, more preferably 70 to 95 mass$% based on the total
amount of the unit derived from the monomer (A) and the
unit derived from the monomer (B). When the amount of the
unit derived from the monomer (B) is less than 60 mass¥%,
the compatibility of the monomers to each other comes to be
poor. When it exceeds 99 mass%, it is difficult to produce
an effect that a decrease in transparency (so-called
glistening and the like) is inhibited.
The crosslinking monomer (C) refers to one or two

or more monomers that can bond to one or both of the
monomer (A) and the monomer (B).

When the crogslinking monomer (C) is used, the
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di et hyl ene glycol di(neth)acrylate, triethylene glycol di(neth)acrylate,
tetraethyl ene glycol di(nmeth)acrylate, 1,4-butanediol di(nmeth)acrylate and
1, 6- hexanediol di(meth)acrylate. The content of a unit derived fromthe
crosslinking nonomer (C) is preferably 0.5 to 6 nass, nore preferably 1

to 5 mass% based on the total anmount (100 rmass) of the wunit derived from

the nDnO”Ebl@ék1@”@e¥6§mﬁ@hbnd8$'ﬁeﬁeﬁéoﬁhntﬂé PPEPBREcEBing VPRE 1bgsabove

content is less than O. mass, the effect produced by the introduction of
the cr OSSEbﬂka_ng‘B'EE@%r 1h§r89fede§ﬁ' ¥cBXhi Bh 1 ede r¥A8PNI Yhegxggeds 6 nass,
undesirably, the copolynmer is fragil since the nunber of crosslinking

poi nts InCb%%%eda%pbﬂ?meﬁfeﬁBaﬁlreelesgéaemat bnef rbh@ 60pgl yams.is liable
to be decreased. In addition to the units derived fromthe above nononers

(A) to (O, the (naigarad e GRPAAIERN i9fikihke mopoaeent(d) Ny ertiuae can
contain, as a structural unit, one or two or nore units derived from

mMonomer s hQVbU&oﬁﬁﬁéﬁhbﬂtﬁl(ﬁEtﬁ@&@ nageulétaynehet _?MolThe content of
the unit(s) derived from nononmers - havi ng capabl y of absorbing

ul travi ol egirn@échl scrpiater ablyuy8:82 t@ 3-0B$Het APEErPIEkPHAEbYNd, t O 2
mass% based on the total annuny (108 nass) of the unit derived fromthe

monomer (A)il@ra@hytleﬁeugugc@ﬁr amﬁhef;hq)abk?@aaenoaﬂethﬁiena%gmyab@ above
content is |less than 5 mass% no ect on the prevention of
ul traviol eqirnagtedacheraxrect@lracthylene glycol di(meth)acrylate,
1,4-butanediol d&i(meth)acrylate and 1,6-hexanediol
di (meth) acrylate.

The content of a unit derived from the crosslinking
monomer {C) is preferably 0.5 to 6 mass%, more preferably 1
to 5 mass% based on the total amount (100 mass%) of the
unit derived from the monomer (A) and the unit derived from
the monomer (B). When the above content is less than 0.5
mass%, the effect produced by the introduction of the
crosslinking monomer is not easily exhibited. When it
exceeds 6 mass%, undesirably, the copolymer is fragile
since the number of crosslinking points increases, and the
mechanical strength of the copolymer is liable to be
decreased.

In addition to the units derived from the above
monomers (A) to (C), the (meth)acrylate copolymer of the
present invention can contain, as a structural unit, cne or
two or more units derived from monomers having capability
of absorbing ultraviolet ray.

The content of the unit(s) derived from monomers
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When it exceeds 3 nmass, no further remarkable effect on the prevention of
ultraviolet ray can be expected. As a nononer having capability of
absorbing wultraviolet, any nononer can be used so long as it has
capability of absorbing ultraviolet ray and can react with one or both of
t he nononer (A) and the nononer (B). In particular, a conpound of the

(2 Lﬁ%??&%’“ﬂﬁ%ﬁ%%ﬁtg ofPRSPERLRS JLETTyioler Tay. is
thC-?:?ry %%g%?é igzgg Eg ?Vﬁ\)él %)gn m%sﬁgﬁfgﬁgblﬂ_%e&?net h) acr?lg)ate

copol yirer gl LheorPEaseRbeLAvELLAR 4800CAgbRkN ofScReShAYE dEaLyLalt, one

or two or nore units derived from nonomers having capability of absorbing

vel | ow The canteat mohokle. Yaht ader bxedubi omubbevaanerBh(ehe HBNoRG:

capability o ring the (ne acrylate copolynmer 1n yellowis

pref erabl v (8)00%hgn 0 8eMBSSve MRS BEET £ Shlde erkdh & s Lindh?, mRsSy based

on the tota anDunt nasses the unit derived fromthe nononer (A)

and the !mlerff@%rt'}ﬁ t r‘B et\)%%trmors% UBraAD 1 AR havd Ngsapaki | ity

of coloring the yl ate copolymer 1 n yellow “any nononer can be

ired| 20 Topasaed B asaebauAlY b sclonkeorLhpmi) st
the prevention of ultraviolet ray can be expected.

As a monomer having capability of absorbing
ultraviolet, any monomer can be used so long as it has
capability of absorbing ultraviolet ray and can react with
one or both of the monomer (A) and the monomer (B). In
particular, a compound of the following formula (VI) (2-
(2’ -hydroxy-3'-tetrabutyl-5’-methylphenyl) -5-(2'-

methacryloxymethyi)benzotriazole) can be used.

CH,
=
T N\N—-- s AT
HzC=c—c|:|——o—(<:Hz)2 \'% C—CH (VI)
OH CH,

Further, the (meth)acrylate copolymer of the
present invention can contain, as a Structural unit, one cr
twoc or more units derived from monomers having capability
of absorbing yellow.

The content of the unit derived from the monomer (s)
having capability of coloring the (meth)acrylate copolymer

in yellow is preferably 0.005 to 0.5 mass%, more preferably
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nononer (A) and the nononer (B). In particular, a conmpound of the
followng formula (M 1) (4-(5-hydroxy-3-nethyl-I-

phenyl - 4- pyr zol yl met hyl ene) - 3- met hacryl am no-i - phenyl - 2- pyrazol i n-5-one)
can be used. GHO\ C (VIl) NHNOCH3 HNO H3C CH2 1In addition, the
(meth)acrylate copolynmer of the present invention may further contain, as

a structurgl o4nkh, 0,8 HALksIBE5¥AAGHT HE A EEAET ANSUARNOIES HAVEPY 6Pe
property of being photochromc. The (meth)acrylate copol yner of the

present 1 R¥eNLheR BEEh ¢bAEYoRACHR! ABRbhLES (ANAknd eRELuLIETaOELLR | ens,
to which it is the nost preferably applied, is required to have. For

exanpl e, pgeher aBkY mohBger(NBY D) acryl ate copolyner is colorless and
transparent in -19 appearance and has a refractive index of 1.50 to 1.59, a

tensile strength ofa5Q 4RRnfd0 13 AR 2apRld1Ngy 0d c8hotingt €nd 000 g. The
above values of the refractive index,” tensile Strength and foldlng | oad

refer to v dsp,d edahi BXABRLEScLR Be desgri bed
| at er. Theqkﬁgﬁh%§%?3 ggecgggggﬁae i ?§%gbgregegt |nvent?on i ncludes a

bl ock copokymerngndgai EaHQQWESBQBEYHE§ of coloring the (meth)acrylate
copolymer in yellow and can react with one or both of the
monomer (A} and the monomer (B). In particular, a compound
of the following formula (VII} (4-(5-hydroxy-3-methyl-1-
phenyl-4-pyrzolylmethylene) -3-methacrylamino-1-phenyl-2-

pyrazolin-S-cone) can be used.

OH O
N"N—¢ N (VII)
\ C 1
N N
CH; HN
0
H4C
CHa

In addition, the {meth)acrylate copolymer of the
present invention may further contain, as a structural unit,
a unit derived from a reactive monomer having the property
of being photochromic.

The (meth)acrylate copolymer cf the present
invention preferably has properties that a soft intraocular
leng, to which it is the most preferably applied, is
required to have. For example, preferably, the

(meth) acrylate copolymer is colorless and transparent in
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while it is generally a random copol yner. [Process for the production of
(meth)acryl ate copol yner] The process for the production of a
(meth)acrylate copolyner, provided by the present invention, will be
expl ai ned bel ow. The process for the production of a (neth)acrylate

copol ynmer, provided by the present invention, conprises copolynerizing a

nononer m gthie-e GoRkAIREING 2 BORRFRActAVe 9habheogenesal thormeba &1), R
R2-OH H2C=C-C-O R2-Y-OX O wherein Rl is a hydrogen atomor nethyl, R2 is

a linear Q%n%&@%C@%Qe%b%ﬁl%@esgrQ%pzh@ﬁbn% 4nHoa8reanbag 18k@nefand Y is a
singl e bond or an oxygen atom a nononer (B) copolynerizable with the

nmononer (AkcaBd odo &f.0SPhé Nkboge MPADERE £)thé Nrdeapf BsENDRdSE, a ,
pol ymeri zati on catalyst and/or under a condition where |light is applied.

In the progesgifier sthenpteduell ¢v10fing 1048 tBEER) 86r vhatescrpakyufed,
provi ded by the present invention, the nmononers (A) to (C) as raw

material s ifchiddeddrosrsehiigedane exBmpiegdew bB degardbea Lheeabove
(meth)acrylate copolyner of the present invention. Further, there can be

al so used those nDRE{Er GneMH)EERF 8 X RIcHd186nedS JO R Treseiter than the
nmononers (A) to (C) with regard to the above (neth)acrylate copolyner of
the presentjnvevw@AdrOlncludes a block copolymer and a random copolymer,
while it is generally a random copolymer.
[Process for the production of (meth)acrylate copolymer]

The process for the production of a (meth)acrylate
copolymer, provided by the present invention, will be
explained below.

The process for the production of a (meth)acrylate
copolymer, provided by the present invention, comprises

copolymerizing a monomer mixture containing a monomer (A)

of the general formula (I),

R —_Y—R;~OH
H,C=C—C—0—R,-Y |
S @ (0

wherein R; is a hydrogen atom or methyl, R: is a
linear or branched alkylene group having 1 to 8 carbon
atomg and Y is a single bond or an oxygen atom,

a monomer (B) copolymerizable with the monomer (A) and a
crogslinking monomer (C), in the presence of a
polymerization catalyst and/or under a condition where
light is applied.

In the process for the production of a
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As a method for producing the copolyner, for exanple, there can be

enpl oyed a thermal polynerization nethod in which a radical polynerization
initiator or photopolynerization initiator is added to a m xture of the
above nmononers as materials, the mxture is fully stirred to prepare a
honbgeneous nononer m xture and the nononmer mxture is

t enper at ur f e o] | famer e of
40 to 1200%)“%18‘1:l %ﬁqggté %ﬁ%??ﬁ% |If)n%tr¥leoﬁlﬁlg§ |)r$yvmr{hcéhrtﬁﬁ ravi o%‘rgr%{]%?'gor

visible |ighe hgnea@&gquh0tbthvDagnﬁawnhé£a£§a1§p§ﬁeiuseeﬁﬁapées of the
above radical polynerization initiator include azo initiators such as

2, 2- azobi s(A; Bl BRYY epdadhEm! umakegaeat Ebl he dpdve (meth)acrylate
azobls(2 4-di net hyl val eronitril azobi s( 2- nethylproplonltrlle) and

2, 2- azobi sy %§§Q%EbBEYEHQ'bEbE€ht whielt aba, generaldy, ke asad agli cal
polynerlzatlon initiators and organi c peroxi des such as bis(4-t-

butyl cycl ohexyl );sRar exydCanbeRats: wﬁ@@ﬁ0¥kep§kﬁlh§ﬁed as monomers
1,1, 3,3-tetranet hyl butyl hydroperoxide, t-hexyl hydroperoxide, t-butyl

hydr oper oxip@@e8Ndhdnd che- Abnbhi¥Bt hyth hexane) ngﬁexrégarépesléhé gxaupl es of
t he photopol ynerization initiator include nethyl enzoyl benzoate,

1- hydr oxy- %E%h@ﬁ%&%ha@@e@%bbﬁ?ﬁ@?eofztﬂ¥d59é¥eﬁtnEhU@ﬁVlbn
phenylpropan | -one, "1-[ 4- (2- hydr oxyet hoxy) - phenyl | -

hydr oxy- 2- ”Ethy|'|TQJQP%%thH“%d?“éﬂBdﬁE&n@ he copolymer, for

tri met hyl benzoyl ) - phenyl phosphi ne oxi de.
example, there can be employed a thermal polymerization
method in which a radical polymerization initiator or
photopolymerization initiator is added to a mixture of the
above monomers as materials, the mixture is fully stirred
to prepare a homogenecus monomer mixture and the monomer
mixture is temperature-increased stepwise or continuously
in the temperature range of 40 to 120°C or a
photopolymerization method in which ultraviolet light or
visible light is applied to the monomer mixture.

Specific examples of the above radical
polymerization initiator include azo initiators such as
2,2-azobig (4-methoxy-2,4-dimethylvalerconitrile), 2,2~
azobis (2,4-dimethylvaleronitrile), 2,2-azobis(2-
methylpropionitrile) and 2,2-azobis(2-methylbutyronitrile)
which are generally known as radical polymeriiation
initiators and organic peroxides such as bis(4-t-
butylcyclohexyl) peroxydicarbonate, benzoyl peroxide,
1,1,3,3-tetramethylbutyl hydroperoxide, t-hexyl

hydroperoxide, t-butyl hydroperoxide and 3,5,5-
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The pol ynerization initiators nmay be used singly or as a m xture including
two or nore of them The anpbunt of the polynerization initiator is
preferably approximately 0.05 to 5 mass% based on the total nonomner

anount. In the thermal polynerization nethod, the reaction tine period is
preferably 1 hour to 80 hours, nore preferably 2 hours to 48 hours. In the

phot opol ymekiizat h9heBhRdpet-Bgiggaction time period is preferably 1
mnute to 3 hourS, nore preferably 2 minutes to 2 hours. The resultant

reaction mxture i iyt %dca&@leﬂsxwfa%weo?,h@rc@@%qsm@&i&%hoas
supercritical extraction or solvent extraction using a good solvent such

as acetone;nifRbRyk ¢hBYlLakeheRRy?r ot BEnkbY e, baRdohbe, albHpdr&kyan
unreacted nmononer extracted is neasured with a gas chromatograph nass

anal yzer okybhenkkke. pwharebyetbneanzbayaaseprdangedonpei her or not the
pol yneri zation is conpleted. When the polynerization is carried out in a

proper nmobdeak1¥eepah-12c68POLYMRL (haMiAgokPerheky) -pREngxpople, of a
rod, a blogkeo? g pl ate cgn be ogﬁainedy A?nglded ?%r%dug? formed of a

desired copgliyhRl -0apecbayals0peBhantedond2ahd Bigebhadein which a mxture
of nmonomers as raw materials is charged into a nold having a form

cor r esponditRgmk@niNBenkef M 0bhanfRbHedpBi hecbrias . an end product, then a
pressure is applied and the polynerization and the nolding are carried

out in one nold (thie PRINAE MDA ik riefierikedrsomy bemisédmethady or
hereinafter). \Wen the polynerization and the nolding are carried out by
the mol d makhadmikRerRr epelh8ing two or more of them. The amount of

the polymerization initiator is preferably approximately

0.05 to 5 mass% based on the total monomer amount.

In the thermal polymerization method, the reaction
time period is preferably 1 hour to 80 hours, more
preferably 2 hours to 48 hours. In the photopolymerization
method, the reaction time period is preferably 1 minute to
3 hours, more preferably 2 minutes to 2 hours.

The resultant reaction mixture is subjected to
extraction procedures such as supercritical extraction or
solvent extraction using a gocod solvent such as acetone,
methyl ethyl ketone or the like, and the amount of an
unreacted monomer extracted is measured with a gas
chromatograph mass analyzer or the like, whereby it can be
ascertained whether or not the polymerization is completed.

When the polymerization is carried out in a proper
mold or vessel, a copolymer having the form, for example,

of a rod, a block or a plate can be obtained. A molded

product formed of a desired copolymer can be also obtained
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that is exerted on the copolynmer is preferably 1 to 5 kgf/cnR. [Soft

I ntraocul ar | ens] The intraocular |ens of the present invention conprises
t he above (neth)acryl ate copol yner of the present invention. The
intraocular lens is generally constituted of an optic portion (lens
portion) and support portions (haptic portions) . The intraocul ar |ens of

the presenty gveethel iRagn2BhOR! MExPALEI 88 hbAbmessakhs| pastmi€arisEg to be
formed of the (meth)acrylate copolynmer of the present invention, and the

haptic portgopsat-BeaeehtBBy RB1HOLERUngf 8 te¥ANBberesPbn@ohy PESPYhENe, PMVA
(pol ynet hyl nethacrylate), polyimde or the like. Further, the surface of

the optic perhi 6f ERMoRE8edSHitRet=t h8ahBJeRY PplogiBt!renéAeAt pHSsagrar gon,
oxygen or nitrogen gas. The soft intraocular |lens of the present invention

can be proddcggpbyeabbalintng gotoRekyoBtibA Lhe themmeldengragde a bl ock or
a plate and then cutting and polishing the -23 copolyner at a | ow

tenperat ur ea@f-iby bhe aBovAe"PbUdMetA9d meehod @iV Be hawfagredfesnas
corresponding to the formof an intended | ens. Further, there may be

enpl oyed ar-geNgt mkdhban hereWAh€bethe WABAI EnBORbLPNSrapdribe @pEi ehoortion
are separately prepared and the haptic portions are fixed to the optic
portion tonmpledugeat-Bechptiaaceliar bi,/€8BeOhodd method, the pressure

that is exerted on the copolymer is preferably 1 to 5

kgf/cm®.

[Soft intraccular lens]

The intraocular lens of the present invention
comprises the above (meth)acrylate copolymer of the present
invention.

The intraocular lens is generally constituted of an
optic portion (lens portion) and support portions (haptic
portions). The intraocular lens of the present invention
has an optic portion that is at least required to be formed
of the (meth)acrylate copolymer of the present invention,
and the haptic portions thereof may be formed, for example,
of polypropyvlene, PMMA (polymethyl methacrylate), polyimide
or the like.

Further, the surface of the optic portion may be
surface-treated by plasma treatment using argon, oxygen or
nitrogen gas.

The soft intraocular lens of the present inventiocn
can be produced by cbtaining a copolymer in the form cf a

rod, a block or a plate and then cutting and polishing the
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constitution in which the optic portion and the haptic portions are
integrally produced. Exanples The present invention wll be explained nore
in detail with reference to Exanples hereinafter, while the present
invention shall not be limted by these Exanples. Exanple 1 (Preparation
Exanpl e of (neth)acrylate conpound) A 500 m flask was charged with 13.9 g

(70 nmol) 8%8?;%%?9;3&28h¥g80§é§#%9%¥a?8pafR§¥ 280 Shoft dEFa metho

(tetrahydro rie amne and a very snma

amount of t Qi azi Re o] l.LLL er.t o of ., argon.

After the g%%@%-?tﬁ??édhg%?h%i%ﬁgagé g%g?égﬁg%dyg pé%x?ﬁ%tg %ﬁg%%;é%ndga

sol ution ogpéeadgd(§gngvnl) of acryloyl chloride in THE was dropw se added
a

to carry ou reaction at roomtenperature. After the reaction was

carried out for 1 houyryd.ceypber ,andgf yl, %gghagecgﬁggi&?gggg tg carry

out extraction. A separateéd organic-layer - was wa rine (salt

wat er ) a”dwﬁggﬁdtﬂ%epﬁggg¥fpﬁyﬁioﬁQdEHH‘éHEf§%€1é2§8§¥¥%n 4pb! oved by

filtering. resu trate was concentrat and then purified with

2,501 U t8eQltgedif 0-8badebh ehushaby iEUpbbeLonk Nere hl kEqcEystal vas

recrystalliz g (yrel Ite crystal (nmelting

int: 55C ; . R | ¥8LSini iggdythat th
poi n EncfBpRAECBUEL ol ok BYBaRER! KRSS ntiadem A80RLAS OBt DN 11

t hus- obt ai ned ite crystal ydr oxyet yl acrylate

havi ng thecBﬂEk?Wh@Qoﬁtﬁﬂckﬂﬂeh EHE”Hb@i&tBOPEion and the haptic

portions are integrally produced.

Examples
The present invention will be explained more in
detail with reference to Examples hereinafter, while the

present invention shall not be limited by these Examples.

Example 1 (Preparation Example of (meth)acrylate compound)

A 500 ml flask was charged with 13.9 g (70 mmol) of
1,4-bis(2-hydroxyethoxy)benzene, 280 ml of THF
(tetrahydrofuran), 7.1 g (70 mmol) of triethylamine and a
very small amount of phenothiazine, followed by stirring
under the current of argon.

After the above-stirred solution was cooled to
approximately 20°C, and a solution of 4.2 g (35 mmol) of
‘acryloyl chleride in THF was dropwise added to carry out a
reaction at room temperature. After the reaction was
carried cut for 1 hour, ice water and ethyl acetate were

added to carry out extraction. A separated organic layer
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referred to as "HEPA" hereinafter). H H2C=C-C- O CH2CHz~ / O H2CH2-OH 11
O HEPA Exanple 2 (Process for producing (meth)acryl ate copol yner and soft
i ntraocul ar |l ens) A sanple tube having a volunme of 30 m was charged wth
10 mass% of HEPA prepared in the above Exanple 1 as a nononer (A), 40
mass% of butyl acrylate ("BA" hereinafter) as a nononer (Bl), 50 nass% of

2-phenyl et byl wgEhaar whghebrinBEVRalbepat 82 L Shd @Biéd NBRSFBENKFRIoud
mass% based on the total amount of HEPA, BA and PEMA, of ethylene glycol

di met hacr ykaheut' ERMPatBeRhi@dler Al owedl 99skinkierdngnonorer (C), and 0.4
mass, based on the total anobunt of HEPA, BA and PEMA, of

azoi sobut yr@aiEkhe EALBMcaSyas B@h&eﬁtfa@éaoandintﬁeﬁtpurﬁﬁlé@mhn Tabl e
1 to be -25 described later, and these materials were fully stirred to

gi ve a honggepeqps EBNGRRE Al 3t yrersal Whied. cFperaboversalndd onhes cast
into an intraocul ar- |éns-producing nold forned of polypropylene and

tenperat ur ghiiRer e2588atPwhe 2ebeVBERAL UEEA0to180¢ei D. & gp(psELd e
pol ymeri zation furhace in a nitrogen atnosphere of a pressure of 2.5

kgt /cn2, apg weefpal wméze&»yeeawmemﬁgegowe f95°@) houy % treeinee a
copol ynmer (dianeter 6 hi ckness 0. haV|ng the formof an optic
portion of o&Ny-NMR analy51s, it was ascertalned that the thus-

obtained white crystal was 1,4-bis(2-hydroxyethoxy)phenyl

acrylate having the following structural formula (tc be

referred to as “HEPA" hereinafter).

H
|
HC=C—C—0—CH,CHr—0 O—€H,CH,—OH
o

HEPA

Example 2 (Process for producing (meth)acrylate copolymer
and soft intraocular lens)

A sample tube having a volume of 30 ml was charged
with 10 mass% of HEPA prepared in the above Example 1 as a
monomer (A), 40 mass% of butyl acrylate (“BA” hereinafter)
as a monomer (B:), 50 mass% of 2-phenylethyl methacrylate
("PEMA” hereinafter) as a monomer (Bz), 5 mass%, based on
the total amount of HEPA, BA and PEMA, of ethylene glycol
dimethacrylate ("EDMA” hereinafter) as a crosslinking
monomer {(C), and 0.4 mass%, based on the total amount of
HEPA, BA and PEMA, of azoisobutyronitrile (AIBN) as a

polymerization initiator as shown in Table 1 to be
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I ntraocul ar |l ens. Separately, the sanme nonomer m xture solution as the
above was polynerized in a box-shaped vessel to give a copolyner having
the formof a sheet (15 mmlong, 15 mm w de and 0.6 mmthick). The

t hus- obt ai ned copol yner was i mMmersed in 100 M of nethanol to renove
unreacted nmononers and fully dried, and the copol yner was neasured for

various phygisedl bell QB@EY, e%n@’ chBeef AhtawiRYsmhEPads,1 Tabkei2raaous the
results. 1. Appearance A copol yner (diameter 6 mm thi ckness 0.6 mm

having the 1@%”bpho%ﬁggﬁbb%spﬁbhbﬁ@r0E1§EukEtééQQHhéﬁ lens was inmersed in
water at 23C for 24 hours, and then, light froman LGPS2 white light |anp

suppl i ed by O ynpusrytdsdle dRuc i wakp T AP RS e ke rSicde1sy-f ace of
t he copol yner. And, the copolynmer was visually observed to evaluate it for

whet her or 1@9fs- btroa@.@l gchr%'laefb%mEHaB§p§6§9?¥o§9Qeﬁ@| ghd -26 The
eval uati on was conducted on the follow ng ratings [ Eval uation ratings] O:

Col or | ess aafhansharentrefisedl Lghtby 208fEELSHLXe Opagbbiedi? o Tensi|e

strength An obtai ned copo yner having the formof a sheet was processed so

as to havepreddniebb1sheredatebm Lehake hangt RitlolEh WtebBpRéréher

narrowest portion 1 nm
a pressure of 2.5 kgf/cm?, and then polymerization was
carried out for 2 hours to give a copoclymer (diameter 6 mm,
thickness 0.6 mm) having the form of an optic portion of an
intraocular lens.

Separately, the same monomer mixture solution as
the above was polymerized in a box-shaped vessel to give a
copolymer having the form of a sheet (15 mm long, 15 mm
wide and 0.6 mm thick).

The thus-obtained copolymer was immersed in 100 ml
of methanol to remove unreacted monomers and fully dried,
and the copolymer was measured for various physical
properties by the following methods. Table 2 shows the
results.

1. Appearance

A copolymer (diameter 6 mm, thickness 0.6 mm)
having the form of an optic portion of an intraocular lens
was immersed in water at 23°C for 24 heours, and then, light
from an LG-PS2 white light lamp supplied by Olympus Optical
Co., Ltd. was applied to the side surface of the copolymer.
And, the copolymer was visually observed to evaluate it for

whether or not it had a change in transparency and color.
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thickness 0.6 mm), and the thus-prepared sanple was tensioned with a

uni versal material-testing machi ne 4301- HO776 supplied by Instron Japan
Co., Ltd. to nmeasure the copolyner for a tensile strength. The copol yner
was tensioned at a tension rate of 100 nm m nute (the unit of data is g).
3. Folding I oad A copolyner (dianeter 6 mm thickness 0.6 nmm having the

form of anzapt LG2PALLEQR 0Ee3BohAhERORULAT thENEo1 VWL kd Xask yhdd. hol di ng

tool s and ded wth a universa mat eri al -testing nmachi ne 4301- HO776

suppl i ed byglQstLen,nJaRAR , Ltd. to neasure a folding |load. The
neasurenen¥ was coﬁﬁuctedn t]a folding speed of 100 MM m nute at a

fol di ng di%jﬁugéiéglégéi%ﬁ?(ggﬁﬁéégfﬁ%y: data is g). 4. Refractive index

Wth a refractoneter sup ATAGO CO., LTD., a copol yner

(di aneter ] t Qi . 6 having the formof an optic portion of
B IRl Sg A0

an intraoc nmeasured at 23C using e-ray (546.1 nm 5.

A i stening 'Q3?9 ; (dianeter 6 mm thickness 0.6 mm) having the form
of an optigﬁbor |é$?§§denw intraocular lens was imrersed in water at 33C

for 24 houks apdgtihenstpariegd in water at 28C or 23C, and the appearance
of the copolyner was obsefved through a stereoscopic mcroscope (U PMIVC,

suppl i ed by O ynpu$Rteaned copdifmer! Bavavdl dake rotrmobrt Beshasks of the
foll owi ng ratings.

was processed so as to have a dumbbell-shaped form (total
length 10 mm, width of the narrowest portion 1 mm,
thickness 0.6 mm), and the thus-prepared sample was
tensioned with a universal material-testing machine 4301-
HO776 supplied by Instron Japan Co., Ltd. to measure the
copolymer for a tensile strength. The copolymer was
tensioned at a tension rate of 100 mm/minute (the unit of
data is g).
3. Folding load

A copolymer (diameter 6 mm, thickness 0.6 mm)
having the form of an optic portion of an intraccular lens
was fixed with holding toocls and folded with a universal
material-testing machine 4301-H0776 supplied by Instron
Japan Co., Ltd. to measure a folding load. The measurement
was conducted at a folding speed of 100 mm/minute at a
folding distance of 3.6 mm (the unit of data is g).
4, Refractive index

With a refractometer DR-M2 supplied by ATAGO CO.,
LTD., a copolymer (diameter 6 mm, thickness 0.6 mm) having

the form of an optic portion of an intraccular lens was
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(Evaluation ratings) A: Even in a tenperature change from33C to 23Cin
wat er, no glistening occurs and excellent transparency is maintained. B:
In a tenperature change from33Cto 23Cin water, slight glistening is
observed, but in a tenperature change from33Cto 28C in water, no
glistening occurs and excellent transparency is maintained. C In a

t enper at ur g.6HaRAg LEOHE%?QI&?}%%%%%tM@@ Adfit ense glistening occurs,

and in a tenperature change
observed. B By¢BtkRifgtenperature change from33C to 28C in

I ntense glistening occirs. E: distening exists in a nmateria

seen t hat e copol ynmer obtai ned

so-cal |l ed

wat er ,

0 28Cin water, slight glistening is

fromthe
begi nni ng regardl egs QfpA AiRINYRilahet@FPS! Akl €hiadRdekRBeo . BaRsi al is
non-transparent. It is seén from Table 2 that the copol ynmer obtai ned

in Exanpl endvhag PRePESRIEBEORNI bpt 2BPE3FANER &P ¥At Bfit Bascubxhi béns a
proper tensile Strength and a small folding |oad (easily foldable),

that it hagapreRRELLES sHi Lapke LOrsa& SRld INUAAGIAA hens: drmdisdaur ther
t I n Exanp

1522 and ks, (oee.! LeMyRe¢ SASPRLENGY TR LEBRARUGRATBRORNESICh a3
|

stening in a tenperature change in water. Exanples 3 -

Conpar at i VecE%aiRkeSwis- oBserved through a stereoscopic microscope

(U-PMTVC, supplied by Olympus Optical Co., Ltd.) to

evaluate it on the basis of the following ratings.

(Evaluation ratings)

-28

and

e 2 has a refractive i ndex of

12 and

A: Even in a temperature change from 33°C to 23°C in

water, no glistening cccursg and excellent transparency is

maintained.

B: In a temperature change from 33°C to 23°C in

water, slight glistening is observed, but in a temperature

change from 33°C to 28°C in water, no glistening occurs and

excellent transparency isg maintained.

C: In a temperature change from 33°C to 23°C in

water, intense glistening occurs, and in a temperature

change from 33°C to 28°C in water, slight glistening is

observed.

D: Even in a temperature change from 33°C to 28°C in

water, intense glistening occurs.

E: Glistening exists in a material from the

beginning regardless of a change in temperature, and the

material is non-transparent.

It is seen from Table 2 that the copolymer obtained

-28 -



Copol yners each having the formof an optic portion of an intraocular |ens
were obtained in the sanme manner as in Exanple 2 except that the nononers
as raw materials and the anounts thereof were changed as shown in Table 1,
and they were evaluated for various properties in the sanme nmanner as in
Exanple 2. Table 2 shows the results. In addition, each of the copolyners

obt ai ned iRy E&gﬁphsSthsg A4 Mébwm 8R! felstapﬁ@esbaﬁéeemr@@&é@namth a

good sol vent su as acetone, nethyl ethyl ketone or the I|ike for 6 hours,

and total appyptss0h g?&ﬁé?tEQnH@T@”§E§en@€ﬁeaﬂEa§Uéﬁél%ﬂf@l@; Sload
chromat ogr aph nass anal yzer to show 50 ppmor less in all the anpl es.

Abbfev'athagsh@ T@Bh@aﬁl@?rrgﬁHOEHaﬁolﬁuﬁﬁé fSpeP@ﬂ@§ 281 f &bl &Wser HEPA:
1, 4- Bi s( 2- hydr oxyet hoxy) phenyl acrylate utyl acryl ate BRM

Perf | uor oogt )éb%&hxhezéxeaamxl:emenget hﬁch}’é aé&m@@ A hidthemd et hyl
acrylate PEMA: 2-Phenylethyl nethacrylate PCEMA: 2-Phenoxyet hyl

met hacryl ap.e Hrbfe r2oBY 4 AXY- §npﬁﬁafa YBr 9Phhs agr ¥é akgct THEMMhdex of
Trlfluoroethyl et hacryl at e NODN: - Nonanedi ol di net hacryl ate EDVA:

Et hyl ene ghygeh QhHEEQa@E%Eatﬁoﬁﬁﬁmtransparenc -impairing phenomenon
2- Hydr oxy-1 -acryl oxy- 3- net hacryl oxypropane Al BN:. Azobi sisobutyronitrile
V-65: 2, 2" 5fzebhs( dcddimeihyhyatenonbt ihl 8) temperature change in

water.

Examples 3 - 12 and Comparative Examples 1 - 6

Copolymers each having the form of an optic portion
of an intraocular lens were obtained in the same manner as
in Example 2 except that the monomers as raw materials and
the amounts thereof were changed as shown in Table 1, and
they were evaluated for various properties in the same
manner as in Example 2. Table 2 shows the results.

In addition, each of the copolymers obtained in
Examples 2 to 12 was subjected to Soxhlet extraction with a
good solvent such as acetone, methyl ethyl ketone or the
like for 6 hours, and total amounts of unreacted monomers
were measured with a gas chromatograph mass analyzer to
show 50 ppm or less in all the Examples.

Abbreviations in Table 1 correspond to substance
names as follows.

HEPA: 1,4-Bis{2-hydroxyethoxy)phenyl acrylate

BA: Butyl acrylate

BRM: Perfluorcoctylethyloxypropylene methacrylate

-29.




T-150: 2-(2'-Hydroxy-3'-tetra-butyl-5"'-nethyl phenyl) -

5-(2' - et hacryl oxynet hyl ) benzotri azole HVPO

4- (5- Hydr oxy- 3- net hyl -1 - phenyl -4 pyrazol yl met hyl ene) - 3- net hacryl am no- | -
phenyl - 4- pyrazolin-5-one -30 14 OOMN ri N2 OO ~ OO |li OHI!1
111 to In 112 * rl ri s ri ri HNNNNN ii waeNwwdl wNa a

I
dl D -r4 00 0 0gRQ %—%h%n@l@t@%‘l' ak@yPakt) 1A fZ .rl Url Lnin MNto
[f2L1(1Ininln mOW O OONNInIN

PEMA: 2-Phenylethyl methacrylate

POEMA: 2-Phenoxyethyl methacrylate

HPPA: 2-Hydroxy-3-phenoxypropyl acrylate

TFEMA: Trifluorcethyl methacrylate

NCDN: 1,9-Nonanediol dimethacrylate

EDMA: Ethylene glycol dimethacrylate

GAMA: 2-Hydroxy-l-acryloxy-3-methacryloxypropane

AIBN: Azobisisobutyronitrile

V-65: 2,2’ -Azobis(2,4-dimethylvaleronitrile)

T-150: 2-{2’-Hydroxy-3'-tetra-butyl-5’'-methylphenyl) -
5- (2’ -methacryloxymethyl) benzotriazole

HMPO: 4- (5-Hydroxy-3-methyl-1-phenyl-4-
pyrazolylmethylene) -3-methacrylamino-1-

phenyl-4-pyrazolin-5-one
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rH, 14 14 WO O0OO0OO0OO0O0O0OInODOMAQA CWrdrl ri rdrl ri HNri rl o
uwilqgo 10, Il NMI1I0ONIDI- OD0O1 OHNHNMAL InIDY 12 r ri ri ri N
41 41 -31 Table 2 Appea- Tensile Folding Refractive Aistening rance
strength |l oad index Ex. 2 0 427 165 1.522 A Ex. 3 0 402 178 1.515 A Ex. 4
0 253 122 1.512 B Ex. 50 94 83 1.555 B Ex. 6 0 377 111 1.511 B Ex. 7 O
413 171 1.518 B Ex. 8 0 407 167 1. 5%%33 BEX. 9 0 474 186 1.526 B Ex. 10 0

91 31 1.540. A _Ex._ 11 0 110 38 1. 554 Ex. 12 0 106 37 1554 B CFx 10
85 33 1.559] D CEx. |2pped00 Tensiizr e 2401dind . 554 I?Efraotr:efe Glistening
rance strength lcad index
Ex. 2 O 427 165 l1.522 A
Ex. 3 O 402 178 1.515 A
Ex. 4 O 253 122 1.51z2 B
Ex. 5 O 94 83 1.555 B
Ex. 6 O 377 111 1.511 B
Ex. 7 O 413 171 1.518 B
Ex. 8 @) 407 167 1.524 B
Ex. 9 QO 474 186 1.526 B
Ex. 10 @) 91 31 1.540 A
Ex. 11 @) 110 38 1.554 B
Ex. 12 @] 10¢ 37 1.554 B
CEx. 1 O 85 33 1.559% D
CEx. 2 X 500 or more iigg oz 1.554 E
CEx. 3 X 500 or more iigg or 1.559 D
CEx. 4 X 500 or more iigg or 1.562 E
CEx. 5 A 500 or more ;zgg or 1.568 D
CEx. & @] 467 869 1.533 D
Ex. = Example, CEx. = Comparative Example

It is seen from Table 2 that the copolymers
cbtained in Examples 3 to 12 gimilarly have no problem on
its appearance in water and exhibit proper tensile
strengths and small folding loads, and that they have
properties suitable for a soft intraocular lemns. It is
further seen that these copolymers have refractive indices
of more than 1.5 and have a high effect on inhibition of a

transparency-impairing phenomenon such as so-called
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CEx. 3 X 500 or nore 2200 or 1.559 D nmore CEx. 4 X 500 or nore 2200 or
1.562 E nore CEx. 5 0 500 or nore 12200 or 1.568 D nore CEx. 6 0O 467 869
1.533 D Ex. = Exanple, CEx. = Conparative Exanple It is seen from Table 2
that the copolyners obtained in Exanples 3 to 12 simlarly have no probl em
on its appearance in water and exhibit proper tensile strengths and snal

fol ding | 0ads.ecand ihak LIeLiRYRuRcOBRBHEES iaUlaRRLe for a soft

i ntraocul ar” | ens furt seen t at these copol ymers have refractive

mmwsofmmt%w%%&%ﬂwmﬂmwﬁ g¢ww@ﬁ£qaﬁa

t ranspar ency-i npai ri ng phenomenon such as ed -32 glistening in a

t enperat ur @ RARGE 1L Yol 1eCﬁ hﬁ% AN e-oBagHh hhgtgoaabégganeét§hned in

Conpar ative Exanple 1 has no problemon”its appearance Th water and

exhibit a R%QE&ra%%n%&hﬁhﬁ%r%n%&%p@th§n§E§E|st&@h@tﬁgahﬁag dgagfown in

Table 2. However, 1t I's seen t glistening occufs in the copol ymer due
to a changgdix; qB%B@%%r%hp%ﬁWQE?&aﬁu@CQ t oG oP ﬁtynﬁ% LONLSASL IO uni t

derived from HEPA shown 1 n Ta further, copol ymers obt ai ned

LRecﬁgP?rgg&%%gg&?g%k?%c%r%olg &0 RBotGkiks adertued LhamybPPA in place of
temperature in water since the copolymer contains no unit
derived from HEPA.

As shown in Table 1, further, the copolymers
obtained in Comparative Examples 2 to 6 contain units
derived from HPPA in place of the unit derived from HEPA
and further contain units derived GAMA as a crosslinking
monomer, and they all have proper tensile strengths and
refractive indices as shown in Table 2. However, the
copolymers of Comparative Examples 2 to 5 are opacified
when they are only stored in water having room temperature
for 24 hours, and they show large folding loads, and it is
seen that they are not suitable for any scoft intraocular
lens. Further, it is seen that the copolymers of
Comparative Examples 3, 5 and 6 heavily suffer the
occurrence of glistening even in a temperature change from
33°C to 28°C, and that the copolymers of Comparative
Examples 2 and 4 have glistening in their materials from
the beginning and are non-transparent regardless of a

change in temperature.
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and further contain units derived GAMA as a crosslinking nononer, and they
all have proper tensile strengths and refractive indices as shown in Table
2. However, the copolyners of Conparative Exanples 2 to 5 are opacified
when they are only stored in water having roomtenperature for 24 hours,
and they show |l arge folding |loads, and it is seen that they are not

sui tabl e fqhdggxrggﬁtut@gﬁ@ggular | ens. Further, it is seen that the

copol ymers of Conparative anples 3, 5 and 6 heavily suffer the

occurrence of glistRNJIGOLRD R RN Ungeaitakas thewe 236 be 28C, and
t hat the copolyners of Conparative "Exanples 2 and 4 have glistening in

their nateFk%badEBOEbvbﬁe(Q@Ghmabaglaee BbRApBAAGt 4A8SRapeBtes80864l eSS Of a
change in tenperature. -33 Industri al Utl|l?y According to the present

i nvention, thEeE%o@ﬁ@tQQn RhaYEded QOVﬁétﬁWEEB}§§E¥|ébﬁoﬂ?ﬂ@ﬁuﬁﬂvﬁﬂg &
process for e production thereof, a (meth)acryl ate copol yner having a

uni t derivegitr aerikedabows Eﬁetabaeéykaéehyaaaﬁyaee B@MpaandhlsQV1ng
refractivity and having both flexibility with | ens formed

thEFEfr0”1h§? oh-dzbherand i, aRaPALONGY BaPADERex9bipieyenitAgwhicreaof) the
occurrence of the glistening, a process for the production of the above

(meth)acryhahe f@@&@ﬁy&ﬁéréméo& §gfEouabbaecahartkaﬂgpaﬁaﬁéyscagabh@ above
(meth)acryl ate copolyner. -34
of preventing (free of) the occurrence of the glistening, a
process for the producticon of the above (meth)acrylate

copolymer and a soft intraocular lens comprising the above

(meth)acrylate copolymer.
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1. A (meth)acrylate conpound of the general formula (1), Rl ~Y-R2-CH
H2CCCOR2 Y/ (I) wherein RL is a hydrogen atomor nethyl, R2is a

| i near or branched al kyl ene group having 1 to 8 carbon atons and Y is a
singl e bond or an oxygen atom 2. A process for the production of the
(meth)acrylate conpound recited in claim1, which conprises reacting a
conmpound of the general formula (1), RAME2CCC X (Il) O wherein RL is a
hydrogen atom or nmethyl and X is a hatogen atom wth a conpound of the
general formula (I1l), --RR-OH OHR2-Y/ (11l1) wherein R2 is a linear or
branched al kyl ene group having 1 to 8 carbon atons and Y is a single bond-

or an oxygen atomp 3t HyMRiNatey | @ ceRe M heObledRad B¥rmula
copol ynmeri zation of a nmonomer “'m xture containing a “nethacryl ate nononer

(A) of the(ggneral formula (1), R --R2-OH H2C=C-C-0-R2 Y (1) wherein R1
Is a hydrogen atomor nethyl, R2 is a

R4 — _Y—R,~OH
__J X
HzC—-C-—(l)clz—o—Rz—Y@ (N

wherein R; is a hydrogen atom or methyl, R is a
linear or branched alkylene group having 1 to 8 carben
atoms and Y is a single bond or an oxygen atom.

2. A process for the production of the (meth)acrylate
compound recited in claim 1, which comprises reacting a
compound of the general formula (II),
|T1
H20=C—ﬁ—x (11)

wherein R; is a hydrogen atom or methyl and X is a
halogen atom,

with a compound of the general formula (III),
___’/,)Y;“+Q2_C”4
OH—Rp~Y—\ (1)

wherein R; is a linear or branched alkylene group
having 1 to 8 carbon atoms and Y is a single bond or an

oxygen atom.

3. A {meth)acrylate copolymer obtained by
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| i near or branched al kyl ene group having 1 to 8 carbon atons and Y is a
single bond or an oxygen atom a nononer (B) copolynerizable with the
(meth)acrylate nononer (A) and a crosslinking nononer (C). 4. The
(meth)acryl ate copolynmer of claim3, wherein a unit derived fromthe
nononer (A) and a unit derived from the nononer (B) have a mass ratio (a

mass of thedyilymedaiiatad LM e nBReeTRA xtArbacBRES 1ainghe unit derived
fromthe nonomer (B)) of 1/99 to 40/60. 5. The (neth)acrylate copol ymer of

claim3 or pfthaehenaic hl&%om&orrﬁr) 6B) the §%h@§r¥a§dffﬁ:ﬁlﬁla meponer (B1) of

the general formula (1V), H2C=CCOR4 (IV) Owherein R3 is a hydrogen
atom or nethyl a R4 is a I|near or bran b_e_g al group having 3 to 12
carbon atons, ol 'a nononer (B2) o 2'f la (V), -36 R5

H2C=C-C- O IRQ‘;Z@ _(_%ar@ﬁ.ey

hydr ogen ato ﬁ methyl, R6 is a
si ngl e bond ‘or | ene group havirig 1 to 8 carbon
atons, Yis a S|nglq)bond or an oxy atomand Ar is a substituted or
non- subst i t ut ed phenyl group or 4- (a, (x-dinethylbenzyl)phenyl. 6. The

(meth)acryl ate copoiped®si®fr,aR% aneyefogkal BBod or methyl, R; is a
linear or branched alkylene group having 1 to 8 carbon
atoms and Y is a single bond or an oxygen atom,

a monomer (B} copclymerizable with the (meth)acrylate

monomer (A) and a crosslinking monomer (C).

4. | The (meth)acrylate copolymer of claim 3, wherein a
unit derived from the monomer (A) aﬁd a unit derived from
the monomer (B) have a mass ratio (a mass of the unit
derived from the monomer (A)/a mass of the unit derived

from the monomer (B)) of 1/99 to 40/60.

5. The {(meth)acrylate copolymer of claim 3 or 4,
wherein the monomer (B) is selected from a monomer (B;) of

the general formula (IV),

||?3
H20=C—ﬁ—0-~R4 (IV)
e
wherein R; is a hydrogen atom or methyl and R; is a

linear or branched alkyl group having 3 to 12 carbon atoms,

or a monomer (B;) of the general formula (V),
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to 5 which contains a unit derived froma nononer having capability of
absorbing ultraviolet ray. 7. The (neth)acryl ate copol ynmer of claim6,
which contains 0.05 to 3 nass, based on the total anpbunt of a wunit
derived fromthe nmonomer (A) and a unit derived from the nononer (B), of a
unit derived fromthe nonomer having capability of absorbing ultraviol et
ray. 8. The (neth)a Iate copolyner of claim6 or 7, herein the nononer
havi ng capability ofE bsorblng uItraV|oIet is a conpound of the fornula

at

V). CH3 Q; 2 /| CGCH3 (VMI) OCH CH3 -37
g 4he (netﬁ?gjéc oI f an%ﬁgné%éy clains 3 50 é, whi ch

contains a unit derlved ronla nononmer having capability of coloring the
(meth)acryl ate copol yne yell ow. 10. The (neth)acryl ate copol ynmer of

claim9, which coq,}k@élrésnp 190 tg 9X§r55§ﬁ al ﬁegrOﬂeEHﬂtof{gll@@unt of a

unit derived from the nononer aTunit ron1t nononer (B), of the

uni t deri V%ang'i%”bépﬁo@)%”%r 1Hﬁéh?gorcﬁl9§i%bhé&ya§?fc thr%gﬂguf:hﬁav:mg 1

(meth)acrylate copolynmer in ow. 11 )acrylate copol yfrer of

claim9 or +10g cwhebsl Bcbhig, ™NQEes Baﬁgma saaabbkl sx eicyg@hoaw{a Lhe
(meth)acrylate copolymer in‘yellowis a conpound of

Ar is a substituted or non-substituted phenyl group or 4-

(o, o-dimethylbenzyl) phenyl.

6. The (meth)acrylate copolymer of any one of claims 3
to 5, which contains a unit derived from a monomer having

capability of absorbing ultraviolet ray.

7. The (meth)acrylate copolymer of claim 6, which
contains 0.05 to 3 mass%, based on the total amount of a
unit derived from the monomer (A) and a unit derived from
the monomer (B}, of a unit derived from the monomer having

capability of absorbing ultraviolet ray.

8. The (meth)acrylate copolymer of claim 6 or 7,
herein the monomer having capability of absorbing

ultraviolet is a compound of the formula (VI).

CH,
CH3 N\ CH3
H:eC—c:——ﬁ—o—(CHZ)2 \'g C—CHg )
0 OH CHj
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formula (M1). / OHONI\ H(VIl) CHs HN O H3C CH2 12. A process for the
production of a (neth)acrylate copolynmer, which conprises copolynerizing a
nononer m xture -38 containing a nononer (A) of the general formula (1), Rl
_~Y-R2-OH H2C=C-C-0-R2 Yi J (I) wherein RL is a hydrogen atom or nethyl,
R2 is a linear or branched al kyl ene group having 1 to 8 carbon atons and

Y is a single bond ®™e afinetyGRITALE PJFIRAER JfBargoRRley BE c2abe Wi th
t he nononer (A) and a crosslinking nonomer (C), in the presence of a

pol yneri zaticom , Cathalys bontdias HNAaH tadeendelli eRohar flonbingbt haeiagpl i ed.
13. A soft intraocular lens conprising a (neth)acrylate copolynmer recited
in any onec@bagliaiify 3ft @cldrind9the (meth)acrylate copolymer in

vellow.

10. The (meth)acrylate copelymer of claim 9, which
contains 0.005 to 0.5 mass%, based on the total amount of a
unit derived from the monomer {(A) and a unit from the
monomer (B), of the unit derived from a monomer having
capability of coleoring the (meth)acrylate copolymer in

yellow.

11. The (meth)acrylate copolymer of claim 9 or 10,
wherein the monomer having capability ©of coloring the
{meth)acrylate copolymer in yellow is a compound of the

formula (VII).

OH @)
N N (VII)
i\ H U
N N
CHs; HN
O
HsC
CH,
12. A process for the production of a (meth)acrylate

copolymer, which comprises copolymerizing a monomer mixture
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containing a monomer (&) of the general formula (I},

Ry — _Y—Ry-OH
_ X7
Hzc—C—g—O—Rg—Y—@ (

wherein R; is a hydrogen atom or methyl, R, is a
linear or branched alkylene group having 1 to 8 carbon
atoms and Y is a single bond or an oxygen atom,

a monomer (B) copolymerizable with the monomer (A) and a
crosslinking monomer (C), in the presence of a
polymerization catalyst and/or under a condition where

light is applied.

13. A soft intraocular lens comprising a (meth)acrylate

copolymer recited in any one of claimg 3 to 11.
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