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-~ METHODS FOR PRODUCI NG 2- HYDROXYETHYL METHACRYLATE

POLYMER, HYDROGEL AND WATER- CONTAI NI NG SOFT CONTACT LENS
BACKGROUND OF -THE | NVENTION 1.. Field of the Invention The present
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As hydrogels for medical devices, those mainly composed of 2-hydroxyethyl
methacrylate (abbreviated as HEMA hereinafter) are widely used (see ,Japanese
Patent Publication No. Sho 41-12629 (JP-B-12629/66) and Japanese Patent
Publication No. Sho 47-3735 (JP-B-3735/72)).

HEMA mentioned above was originally supplied as a monomer mixture
containing methacrylic acid, ethylene glycol dimethacrylate, alkylene glycol
monomethacrylate or dimethacrylates and the like as impﬁrities. However, with
recent general improvement of purity of industrial products, HEMA with 3% or less
of the above impurities has become commercially available. Further, HEMA of
high purity of 99% or higher is also commercially available at present.

HEMA of such a high purity is useful as feed stock for production of water-.

- containing soft contact lenses by cast polymerization, which requires precise control
of polymerization conditions. Water- containing soft contact lenses of stable quality
can be obtained by the above cast polymenzatlon L .

‘ - However, as a result of present mventors research 1t was foumﬂhat, when
sterilization by autoclave and heat stenhzatmn were: repeated surface conditions of



wat er - cont ai ni ng soft contact |enses produced from HEMA of such high purity
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pol ymer i zatepulibrated vt gdsolniden pr sthich eentgel lemsessare used, e.g., physiological
saline. Operability of such a process would be bad and handling of such a gel would

be troublesome. _
Therefore, an object of the present invention is to provide a water-
containing soft contact produced by using HEMA of high purity, which is excellent in
heat resistance. '
Another object of the present invention is to provide a polymer and hydrogel,
which are produced by using HEMA of high purity and can be an intermediate for
the above water-containing soft contact lens. =
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and hydrogel s which can be an internedi ate of the above water-containing
soft contact |enses, where HEMA of high purity is used and pol yneri zation
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The present invention further relates to a method for producing water-
containing soft contact lenses wherein a 2-hydroxyethyl methacrylate polymer
obtained by the above methods is molded into a shape of contact lens and subjected
to a water-imparting treatment. o

The present invention still further relates to a method for producing 2-
hydroxyethyl methacrylate polymers wherein at least molding surfaces of molds,
which surfaces form a cavity of contact lens shape, are treated with a halogen
compound or a solution containing a halogen compound and 2-hydroxyethyl
methacrylate or a monomer mixture mainly composed of 2-hydroxyethyl
methacrylate is polymerized in the cavity by radical polymerization.

The present invention also relates to a method for producing water-
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conventional ones and more excellent heat resistance compared to them, and thus
completed the present invention.

In the production method of the present invention, a halogen compound is
used. The halogen compound is not particularly limited so long as it is a compound
containing a halogen atom(s). However, in view of affinity with the monomer
component, the halogen compound is preferably a halogen-containing organic
compound. In'particﬁlar, hydrocarbon compounds containing 1 to 4 carbon atoms
and one or more chlorine or bromine atoms, for example, ethylene chlorohydrin,
carbon tetrabromide, carbon tetrachloride, chloroform, dichloromethane,
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composed of 2-hydroxyethyl methacrylate are not particularly limited, and kind and

content thereof can be suitably selected depending on properties required for
polymers and water-containing soft contact lenses. Examples of the monomers
include methyl (meth)acrylate, ethyl (meth)acrylate, n-butyl (meth)acrylate,
(meth)acrylic acid, (meth)acrylamide, N,N-dimethyl(meth)acrylamide, 2-
hydroxyethyl (meth)acrylate, ethyl vinyl ether, n-butyl vinyl ether, glycerol
methacrylate, N-vinylpyrrolidone and the like. l



water bath with a stirrer or a hot air circulated dryer and the tenperature
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in order to decrease polynerization defor tion, the product after the
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tear, at 8CjeatmrpSstamce.6 hours to obtain sufficiently
In case of heat polymerization, the sealed vessel-is left in a thermostat
water bath with a stirrer or a hot air circulated dryer and the temperature is
gradually elevated to perform the polymerization. In case of photopolymerization,
monomers contained in a vessel with high transparency is irradiated by ultra-violet
ray or visible light to perform the polymerization. Either in the heat
polymerization or photopolymerization, in order to decrease polymerization
deformation, the product after the polymerization may be subjected to a heat
treatment at 80 to 120°C after taken out from the vessel or with the polymerization
vessel. After the polymerization and the heat treatment, the polymerized product
is cooled to room temperature to afford the 2-hydroxyethyl methacrylate polymer of



swelled state. The swelled water-containing disc is a transparent materi al
exhibiting gloss and a flat surface. This water-containing disc was

aut ocl aved at 121[err]C in buffered saline to evaluate its heat
resi stance. The results are shown in Table 1. : The eval uati on was
represented as follows. That is, surface gpndition of water-containing disc
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t he sur f ace having' shapeodthextihan aleas tsbaﬂe fivtexamale, acyigdrical lvesmgmlusedl, the:
Ununi form t | Qpd] r ey

The disc sh)é"&ggfwahﬁné sgﬁ'r ogxg%&(:%ﬁg%tfﬁtgﬁ argge[‘?ﬁ l?'% servegq% Pore e?:lngy
aut ocl avi ng chnvingr thec ebtainedr pelymensinpe af lengehape tand egbjetting dt to 30 Grater-

m nutes, 60Qmyy mﬁgmﬁqeggoo m nut es of aut ocl avi ng at 121[err] C and thus

it shovved exceéel |l ent. heat resistance. nparative
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aut ocl avi ng.polyreer-edn qrderattzepmtﬁ the hygpation and spelling zem@vmunreacted
Vit er - cont aixibienébsTdin \bRé lfx@&l% kﬂu@eﬂﬂlﬁ%ltﬂibﬂtﬁﬁﬂ%ﬁmﬁéfs&iﬁ‘a Pe tO
t hose of Exanpl > BB E& ﬁﬂ)e(g ed anoynt ofg%LF Ien l rohydrel n
was changed 'Hg"g’f@d %@31’5 g éﬁ"pf ugen maypeghgy % L?'Hlé 3) or
5. 0% by wei ght (Exarrpl e 4). The obtai ned water-containing discs were

eval uated as in Exanple 1. Al of the LE§Nt ai ning di scs of Exanples 2

to 4 mai ntai ned the sane surface condl |ons as those observed before
aut ocl avi ng aft er Beopresenf iayeption will be explained more specifically hereinafter with

reference to the following examples.

Example 1

As a polymerization initiator, 2,2'-azobisisobutyronitrile was added in an
amount of 0.05% by weight and dissolved in 2-hydroxyethyl methacrylate of high
purity (purity: 99% or more). To this solution, ethylene chlorohydrin was added in
an amount of 0.5% by weight with respect to the 2-hydroxyethyl methacrylate and
stirred. Then, this mixture was poured into a polymerization vessel, sealed with a
stopper, maintained at 46°C for 36 hours, 46 to 60°C for 9 hours, 60°C for 5 hours,
60 to 80°C for 3 hours, 80°C for 14 hours, 80 to 100°C for 2 hours and 100°C for 15
hours in a hot air clrculatlng dryer and leaving it to cool to room temperature to
complete the polymerization.

The provided polymer was a transparent hard material. This polymer was
cut and polished by machining to afford a disc having a diameter of 12 mm and a
thickness of 0.2 mm. Then, it was heated in a buffered saline, whose osmotic
pressure and pH resemble to those of tear, at 80°C for 6 hours to obtain sufficiently
swelled state. The swelled water-containing disc is a transparent material
exhibiting gloss and a flat surface. This water-containing disc was autoclaved at



-9- autoclaving, and thus they showed nore excell ent heat resistance
conpared to that of the conparative water-containing disc. The

wat er - cont ai ni ng di scs of Exanples 3 and 4, which had a hi gher content of
the additive, naintained surface condition the sanme as that observed before
the autocl aving even after 1200 minutes oB-the autoclaving. The results are

shown in TajgeCln buffered sallde (8vaRb38 'it‘é%aﬁ Pajsthe@l ThaIresAlCSrel IRBWAVINND
ef fect by ’h‘}ll%/ll ene chlorohydrin is marked conpared to Conparative Exanple 1

where no et gde chl orohydrin is added, and the addition of 0.5% by wei ght

\C/’\; nor e brought rTﬁékﬂbhﬁoﬁW&giepr?eﬁmrﬁH foHows.t Gl‘lgat is, 3urface condmonI of
ter-contain SCS re produced,in a manner and con iti,ons si ar to

Uhose of | BXATEoRtabgadise, REBS stis: Jakln i reRevatonas brete by

et hyl ene chhagoifyidgigtassafifio ﬂmdsunagﬂﬁeawmaﬁkﬁmﬁoadihonmas ddshdih(hmﬂte of

carbon tetr 1% by wei ght (Exanple 5), 0.5 % by wei ght
(Exanpl e G)QBBQ@%@H%%\%SQM (Exanple 7). As a result, it was

confirmed that addition of carbon tetrabrom de exerted heat resistance

i npr ovi ng eﬂﬁﬁkhané@ﬁ%&él%&ﬁﬂﬁi‘ﬁ@éﬁo&avmg compall%tdfwtﬁa%oﬁ&iheﬁ BEKE | it” used

in Exanples_1 to 4 and carbon tetrabrom de used I e / hi bi t
chai n -t r ansPeSoBrr ehangen aracthsarvegonliersthe, atwoshvm&a ﬁ'&we@ 1 tp%@l B!ér)%
consi dered ﬁﬂ@ilfdrhﬂtyﬁeat resi stance inproving effect was brought by such

chain transferg eff pr red in nner

condi tions Si MOPH eﬁ%"q Bgee gfé/rﬁﬁ‘irﬁﬁg "}‘e @@ﬁf’“’tgh S @809‘?“’?@%&
which is ondami’valbmﬂonvemrthelmmface hamd WhM]s:lcmdlmg;ehtes to vlwghtusrmditermgaus
addi ti on anpip %n%; . 1% by wei ght, 0.5% by weight, 1.0 % by weight or 5.0%
by wei ght instead of ethylene chlorohydrin. Pol ynmer s obt ai ned by
usi ng dodecPr Unspifapmity andovhite dendingare meresevars thancths abovesewre 6r t he

wat er-inparting treatnent when the added anount of dodecyl rrercapt an was
0. 5% by wei ght or r nd uniform and transpatent hydro t be
bt a ned A pol yrERS AiscatoNed tcRARs Sarfaseechpkaion as Bt ABErSE beterd She

wei ght af f cadiedlazing mmﬁaoenbsamabns:patfmmndmftm 6 mihutes] BOQshmMS,sGﬁﬁs
changes af tﬁﬁ &% %‘Hdaifﬁd?ﬂmgﬁ 8 %‘ﬂ%&@.@% at428¢ 54 hiddlis %fmv%’d"'@%e%ht’ €

Exanpl e 1, ence It d e heat resistance I nprovi
effect. The ?@s@ﬁlsﬁa@?e shown in Table 1. As shown above, |t was
suggested that the inprovenent of heat resistance
-10- by addjt |on of hal n conpound according to the present invention
is not brou ZE’éqfﬁﬁﬁe]transfer ef fect.

: A water-containing disc was prepared in a manner and conditions similar to

those of Example 1, except that ethylene chlorohydrin was not added. The
obtained water-containing disc was autoclaved as in Example 1. As a result,
partial surface ununiformity was observed after 60 minutes of autoclaving. In the
surface observations performed after 300 minutes, 600 minutes and 1200 minutes of
the autoclaving, white clouding was observed and surface changes due to the heat
were observed after 60 minutes or more of the autoclaving. The results are shown
in Table 1. '

Examples 2 to 4

Water-containing discs were produced in a manner and conditions similar
to those of Example 1, except that the added amount of ethylene chlorohydrin was
changed to 0.1% by weight (Example 2), 1.0 % by weight (Example 3) or 5.0% by
weight (Example 4). The obtained water-containing discs were evaluated as in
Example 1. All of the water-containing discs of Examples 2 to 4 maintained the
same surface conditions as those ohserved before autoclaving after 300 minutes of



When a hal ogen conpound such as et hyl ene chl orohydrin and carbon
tetrabrom de was added, nore remarkabl e heat resistance inprovenent effect
after autocl aving was observed conpared to when no additive or the chain
transfer agent, dodecyl nercaptan (non- hal ogen conpound), was added.

Table 1 Addi tive Addad Autocl aving a. 121[err]C
(m n) autoclaving, and thus they show m%ﬁ%é ént heﬁpremstance?{gﬂxpared &Pfhat
1200 eb Exanpl e hene
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deformati on up wat er
inparting remarkable effect. 1.0 Pol ymer showed white
cl oudi ng 5.0 Pol ymer showed white

cl oudi ng % As a polymerization initiator,
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2- hydroxyet hyl nmeWasarohédiaingodises wergprdd6@tbinya meninghandfcoedibiphs sanilar
chl or ohydrin tgxn d g amﬁ/lggr e%:gﬁnp?ﬁtt Qllﬁ)omtégr%r%rﬁ’iﬁé wad Ugﬁgidsi%ag[of @tl]yler%
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110[err] C for ours |@ra arr circulating dryer and coo from
110[err] C tWWG{gé}t ragpie Ng hours to conplete the pol yneri zatlon The

obt ai ned A§Q| eEult, itasascconfinmed ahatddditord ofetrbon détrabilonsdpekegrtest  was

cut and pol earktr D manglrw ei?ec? a contact lens shape.
Subsequentlb RES BT ACP RS swel | ed by immersing it into a treating

sol ution conprising a col orant-aqueous m xed sol vent system which
conpri sed OcQRoRedtivellixtRpY of water-soluble vat dye blue 6, 70 parts by

wei ght of dIStI||e ter arts ht, of

wei ght of sodi um ﬁ&ﬂf%’b’éﬁhlegﬁ'dgﬁ‘é‘t ‘ésegrfﬁ‘vg 5‘3? i E?yg %g‘f?trg?)‘f t@&kfrﬁﬁﬁde

sulfite, f Oﬁse?ﬁm'rEﬁamm% Bubsl 7 exdhibit chaiacmahsfert éffect i oadmal mylaenmtmdl amd 0

the contact,lens, Th t h W QB &

| ens into aheixa/c eblt M eh onSl‘aﬁ’ge(;ﬁutgl S(E)\f u%g r&g,%%ﬁﬂ LH’I C gg?? ?j sof t

contact | ensuqim}mlearamsﬁeg effect. So, polymers were prepared in a manner and condltxons
similar to those of Example 1, except that dodecyl mercaptan, which is one of

common mercaptan chain transfer agents, was used in an addition amount of 0.1%
by weight, 0.5% by weight, 1.0 % by weight or 5.0% by weight instead of ethylene
chlorohydrin. |

Polymers obtained by using dodecyl mercaptan showed deformation or
white clouding after the water-imparting treatment when the added amount of
dodecyl mercaptan was 0.5% by weight or more, and uniform and transparent
hydrogel could not be obtained. A polymer added with dodecyl mercaptan in an
amount of 0.1% by weight afforded a transparent water-containing disc, but it
showed some changes after autoclaving of 60 minutes or more like that of
Comparative Example 1, and hence it did not exhibit the heat resistance improving
effect. The results are shown in Table 1.

As shown above, it was suggested that the improvement of heat resistance
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Example 8

As a polymerization initiator, 2,2-azobisisobutyronitrile was added in an

amount of 0.05% by weight to 2-hydroxyethyl methacrylate containing 0.62% by

weight of ethylene chlorohydrin and dissolved. Then, this mixture was poured into

a polymerization vessel, sealed with a stopper, maintained at 53°C for 23 hours, 53
to 60°C for 6 hours, 60°C for 5 hours, 60 to 80°C for 3 hours, 80°C for 14 hours, 80 to
110°C for 3 hours and 110°C for 24 hours in a hot air circulating dryer and cooled
from 110°C to 40°C over 4 hours to complete the polymerization. The obtained
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Simultaneously, several parameters of the lens (base curve [BC}, diameter
[Dia] and power) were determined. Its visible light transmission at 380 to 780 nm
was measured in a buffered saline by a recording spectrophotometer and an average
transmission in that wavelength range was calculated. The results are shown in
Table 2.

The parameters of lens, visible light transmission and surface condition
were not significantly changed after 1090 times of the boiling treatment compared
to those observed before starting the boiling treatment and hence they exhibited
excellent heat resistance.

Comparative Example 3 .

A water-containing soft contact lens colored blue was prepared from 2-
hydroxyethyl methacrylate of high purity (purity: 99% or more) by a method and
conditions the same as those of Example 8 and similarly subjected to the boiling
treatment. This soft contact lens which had been made from 2-hydroxyethyl
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Surface condition - A D
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Parameter ~ Dia (mm) 13.8 13.4
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transparent.
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sof t cont act gli5RAs6S e 1aheGdcAN A8 of hikh YRS Gurity: 99% or more), 10.0% by weight
of methyl methacrylate, 3.0% by weight of n-butyl methacrylate and 0.3% by weight
of methacrylic acid was prepared by mixing these monomers. To this monomer
0.4% by of
(polymerization initiator) was added and dissolved to afford a monomer solution A.

OB

Further, tr
usi ng a sol
Exampl e 14

anspar ency i s

abessthandl% or n- He&¥ne.

solution, weight bis-(4-t-butylcyclohexyl)peroxydicarbonate
Further, a monomer solution B was prepared by adding 1% by weight of carbon
tetrachloride as a halogen compound to the monomer solution A.

An appropriate amount of the monomer solution B was injected into a pair
of molds (combination of convex mold and concave mold) for contact lens made of
polypropylene and polymerized by heating in a hot air dryer. The molds were
separated and a polymer in a contact lens shape was taken out from the molds.
The obtained polymer was hard. Then, the polymer was subjected to a coloration
treatment and water-imparting treatment as in Example 8. .

A water-containing soft contact lens obtained after the water-imparting
treatment was excellent in transparency and showed uniform coloration. The
results are shown in Table 3.

Comparative Example 4
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Comparative Example 5 .

Five % by weight of water was added to the monomer solution A of Example
9 to afford a monomer solution B. Ijsing this monomer solution B, polymerization
in molds and coloration and water-imparting treatment were performed as in
Example 9.

The water-containing soft contact lens obtained after the water-imparting

treatment was whitely clouded and not transparent. The results are shown in
. Table 3.

Comparative Examples 6 and 7

5% by weight of ethanol or n-hexane was added to the monomer solution A
of Example 9 to afford monomer solutions B. Using these monomer solutions B,
polymerization in molds and coloration and water-imparting treatment were
performed as in Example 9. The water-containing soft contact lenses obtained
after the water-imparting treatment were whitely clouded and not transparent.
The results are shown in Table 3.

Table 3

Added

Additive amount | Transparency of water-containing SFC*



17 VWhat is clainmed is: 1. A nmethod for producing 2-hydroxyethyl
nmet hacryl ate based pol yners conpri si ng radi cal pol ynerization of
2- hydroxyet hyl methacrylate or a nonomer m xture conprising mainly
2- hydroxyet hyl nethacrylate in the presence of an inert chlorinated

or brom nated conpound. 2. A method of claim 1 wherein the hal ogen
conpound i s a hal ogen-cont ai ni ng organlc-ﬂi' conpound. 3. A net hod of
claim2 wherein the fal ogen-contarni ryg, an C conpound 75 a
hydrocar bdr CCWCUﬂd cont-ai-ni ng 1 t0 W(t oh atons and one aor mmre

chl orine drExample 9br §r@avbotetrdchloride: 1A NEGRed trahsardh ey, %n%ﬁh%lbr&ﬁ&h
hydr ocar bgn, con‘]qegad 'S s& cted Tromthe gr CONSI ST

DLD
et hyl ene qHESESH cahloroformm , op loni de E%p%wan&pamnwlﬁomn coloration

chl or of or r’lEJdllnqﬂé ato btﬁtﬁte&fﬁbrbxﬁﬁd‘el”*' or Qe'[ hf@Bed traRsparenéy, THifdPH cgforﬁll.l@i m

1 wherein [gonten hpLogen compound Tanges Trom U U5 TO D”/ouy
wei ght . Xamp ,9—\121: gﬁ’“—ﬁ%‘ﬁs&mﬂm i _&a_(t 5 iformrcalo 4

or the nor@xample 13 ml‘xi:hro@oétbﬁﬁe’:li ns airad| cgbd a@hyﬁ%hé;,atux%rm%wr%&{
7. A netjhod of {:Ialmlnﬁh |nthe Z2- hydr O éfqugl et hacrylrate nas a
purity of prgratve dditivg A Net hf nghr yucY AT 2- Miedr by dighy|

met hacr y| gtExapaded pol yners wherein a edalmﬂi-inlgat ed or brom nated
conmpound ils added to|2- hydroxyet hyl net hacryla t he nononer
m xture Bl y COrprt ST 1Y 2= II_yUI oxyet ||'y'= fret Tg]o‘?;glngqol:%?OI?ﬁ%&loPh“q o

resul t ant |fRomprarative | subj edWetert o radi cab po| Wiktd datding. 9. A net hod

of clai m § mhsiglée B t he hal ogen conpouynd i s a}hal ogen-containing organic
conpound. '

REPL ACEVENFogparative Ethanol 5 White clouding or not transparent
Example 6
Comparative n-Hexane ' 1 White clouding or not transparent
Example 7

*Water-containing SFC: Water-containing soft contact lens

As demonstrated by the results of Examples 9 to 13 and Comparative
Examples 4 to 7 shown in Table 3, the water-containing soft contact lenses obtained
from HEMA copolymers containing a halogen compound and polymerized in molds
exhibited more excellent transparency compared with that obtained with no
additive. Further, transparency is clearly iniproved compared with those obtained
by using a solvent mentioned in the prior art such as ethanol or n-hexane. '

Example 14

Thirty sets of molds for contact lens made of polypropylene (combination of
convex mold and concave mold) were immersed in 1 liter of chloroform for 64 hours,
taken out from the chloroform and dried in air. Then, the molds were dried in a hot
air dryer at 50°C for 4 hours. A suitable amount of the monomer solution A of
Example 9 were injected into the dried molds and polymerized by heating in a hot
air dryer.

The molds were separated and polymerization products of contact lens
shape were taken out from the molds, and the products were subjected to a
coloration treatment and a water-imparting treatment in a manner similar to that
of Example 8.

All of the water-containing soft contact lenses obtained after the water-



10. A nethod of claim9 wherein the hal ogen-contai ni ng organi ¢ conpound is
a hydr ocar bon conpound containing 1 to 4 carbon atons and one or nore
chlorine or brom ne at ons. 11. A met hod of claim 10 wherein the
hydr ocar bon conpound is selected fromthe group consi sting of

et hyl ene chl orohydrin, carbon tetrabrom de, carbon tet rachl ori de,

chl orof orm di chI ororret hane and tri chl or-dét-hane A nethod of claim
8 wherein cont f the hal ogen und ra es fro .. 6% by
weight | apafiing Bredtgien R CxCOleRs o Pl AR 3@%3?&9%%?18?%@? Vol y ac e
or the rmnomtaratxon Thenresilty @rechowaiinTablerhdi cal pol ynerization initiator.
14. A nethod of claim8 wherein the 2-hydroxyethyl nethacrylate has a
purity of 96% or nor e. 15. A nmet hod of produci ng 2-hydroxyet hyl
met hacr yl aCenmpasalivenlisample & wherein a 2- hydr oxyet hyl met hacryl at e

pol ymer obt ai nedAbMa{é?%oﬂFatlﬂﬂ% oft &k@éc@l#s \5?§Hﬂid%€éd§ﬂ1 hQnanner simfiar to
wat er-i nparti ng treat nent produci ng 2- hydroxyet hyl

met hacr y| atkathek Example ddeescept dhat N-hexane was usedas an JBYRSISIoNeselBHON | ot e
loolt yner Obh;!?dté&iﬂobbhl?fwoﬂi?t ik eitagled 18he sh@wfmh{hﬂﬁt@ﬁl%dl g in wateli ﬁue ﬁol
wat er - i npa eat ne claim erei n the hal ogen
corrpoun(r:lrpl hpg@}t{?ﬁ% C%FJF?HJIWI'&SSQWP&“%}’P conpound. 18. A net hgd
of claim17 wher disrshbiva HyaCogparativetEvamplg 8pa yeatercantajning doft soretact lens

hydr ocar boy;GoRgHAk 5291 ANAS wheh s Bl ey (RERe A WLR NCecon W Shon:

chl-ori ne or claim18
wher ei n t h&alpgen mpbmd c dPansrary toshisswhew tkeimpldswers drepted with a halogen _

compound as in Example 14, a water-containing soft contact lens exhibiting good
transparency and uniform coloration was obtained.

Table 4
Solvent for | Transparency of water-containing soft contact lens
treating
molds

Example 14 | Chloroform Good transparency, uniform colorétion

Comparative. n-Hexane Clouding in water due to light scattering

Example 8

As explained above, according to the production methods of the present
invention, hydrogels and water-containing soft contact lenses with improved heat
resistance can be obtained by polymerizing HEMA monomers or comonomers
mainly composed of HEMA added with or containing a halogen compound. In
addition, when the polymerization is performed in molds for contact lenses,
transparency of water-containing soft contact lenses is also improved by. adding a
small amount of the additive and ununiformity such as ununiform coloration is
eliminated. Furthermore, transparency of the lenses is improved and
ununiformity such as ununiform coloration is eliminated by treating molds for
contact lens themselves with a specific halogen compound.

As demonstrated by the comparative examples, the present invention
provides the advantages, which cannot be obtained by the additives described in the
prior art, with a small amount of the halogen compound.



consi sting of ethylene chlorohydrin, carbon tetrabrom de, carbon
tetrachl ori de— chloroform dichl oromethane, and trichl oroet hane.
20. A nmethod of claim 15 or wherein content of the hal ogen conpound

ranges from 0“ lum I lﬁMby wei ght . 21. A method of claim 15 or
wherein the 2 '

. | hacryl ate or the non ATt
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conpound cdht ai ni n§ methedaf elapn Zwhereinstherhalegen-contaming argauic corapomd is
broni ne at tikydrocatbon coripsiid @AtAhidg AidQ ga@bﬂﬁ"ﬂoﬁis_naﬂxﬂﬁ}é Bﬁh&%@hnﬂﬂle or
conpound i ﬁﬁgel. ected fromthe group consi sting of ethylene
chl or ohydr WO QWS et r abr oni de, carbon tetrachl ori de, chl or of orm
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'nitiator. from 0.05 to 6 % by weight.

6. A method of claim 1 wherein the 2-hydroxyethyl methacrylate or the
monomer mixture contains a radical polymerization initiator.
(N A method of claim 1 wherein the 2-hydroxyethyl methacrylate has a

purity of 96 % or more.
8. A method for producing 2-hydroxyethyl methacrylate based polymers
wherein a halogen compound is added to 2-hydroxyethyl methacrylate or to a
monomer mixture mainly composed of 2-hydroxyethyl methacrylate and then the
resultant is subjected to radical polymerization.

9. A method of claim 8 wherein the halogen compound is a halogen-
containing organic compound.

10. A method of claim 9 wherein the halogen-containing organic compound is
a hydrocarbon compound containing 1 to 4 carbon atoms and one or more chlorine or
bromine atoms. ' |

11 A method of claim 10 wherein the hydrocarbon cdmpound is selected from
the group consisting of ethylene chlorohydrin, carbon tetrabromide, carbon
tetrachloride, chloroform, dichloromethane and trichloroethane. -

12. A method of claim 8 wherein content of the halogen compound ranges
from 0.05 to 6 % by weight.

13. A method of claim 8 wherein the 2-hydroxyethyl methacrylate or the
monomer mixture contains a radical polymerization initiator.

14. A method of claim 8 wherein the 2-hydroxyethyl meihacrylate has a
purity of 96 % or more.
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30. A nethod of—claim?23 V\/nerei n the 2-hydroxyethyl nethacrylate has a
purity of 96% or nor e. A net hod forf oxyet hyl
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21 19. A method of claim 18 wherein the hydrocarbon compound is selected from

the group consisting of ethylene chlorohydrin, carbon tetrabromide, carbon
tetrachloride, chloroform, dichloromethane and trichloroethane.

20. A method of claim 15 or 16 wherein content of the halogen compound
ranges from 0.05 to 6 % by weight.

21. A method of claim 15 or 16 wherein the 2-hydroxyethyl methacrylate or
the monomer mixture contains a radical polymerization initiator.

22. A method of claim 15 or 16 wherein the 2-hydroxyethyl methacrylate has
a purity of 96 % or more.

23. A method for producing water-containing soft contact lenses wherein a 2-
hydroxyethyl methacrylate polymer obtained by the method of claim 1 is molded
into a shape of contact lens and subjected to a water-imparting treatment.

24. A method for producing water-containing soft contact lenses wherein a 2-
hydroxyethyl methacrylate polymer obtained by the method of claim 2 is molded
into a shape of contact lens and subjected to a water-imparting treatment.

25. A method of claim 23 or 24 wherein the halogen compound is a halogen-
containing organic compound. i

26. A method of claim 25 wherein the halogen-containing organic compound
is a hydrocarbon compound containing 1 to 4 carbon atoms and one or more chlorine
or bromine atoms.

217. A method of claim 26 wherein the hydrocarbon compound is selected from
the group consisting of ethylene chlorohydrin, carbon tetrabromide, carbon
tetrachloride, chloroform, dichloromethane and trichloroethane.

28. A method of claim 23 or 24 wherein content of the halogen compound

ranges from 0.05 to 6 % by weight.

29. A method of claim 23 or 24 wherein the 2-hydroxyethyl methacrylate or
i



39. A et hod for produci ng water-containing soft contact |enses wherein a
2- hydr oxyet hyl net hacryl ate pol yner obtai ned by the met hod of claim

31 is subject ter-inmparting treatnent. A et hod for
produci ng wat iﬂl“”““““"wm Jllt contact |enses wher fﬂ 3-) T
hydroxyet hyl neth&cryl ate spolfymer obtai negh by the rfe § (H'%\S BEEM is
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wherein the E;;LPSO” co und I's a hal ogen-cont ai ni ng organic

conpound. 8“of claim 16 wherein content of the hal ogen
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33. A method of claim 31 or 32 wherein the halogen compound is a halogen-

containing organic compound.

34. A method of claim 33 wherein the halogen-containing organic compound
is a hydrocarbon compound containing 1 to 4 carbon atoms and one or more chlorine
or bromine atoms.

35. A method of claim 34 wherein the hydrocarbon compound is selected from
the group consisting of ethylene chlorohydrin, carbon tetrabromide, carbon
tetrachloride, chloroform, dichloromethane and trichloroethane.

86. A method of claim 32  wherein content of the halogen compound
ranges from 0.05 to 6 % by weight. '

37. A method of claim 8lor 32wherein the 2-hydroxyethyl methacrylate or
the monomer mixture contains a radical polymerization initiator.

38. A method of claim 310r32 wherein the 2- hydroxyethyl methacrylate has
a purity of 96 % or more.

39. A method for producing water-containing soft contact lenses wherein a 2-
hydroxyethyl methacrylate polymer obtained by the method of claim 31 is subjected
to a water-imparting treatment.

40. A method for producing water-containing soft contact lenses wherein a 2-
hydroxyethyl methacrylate polymer obtained by the method of claim 32 is subjected
to a water-imparting treatment.

41. A method of claim 39 or 40 wherein the halogen compound is a halogen-
containing organic compound.

42, A method of claim 41 wherein the halogen-containing organic compound
isa hydrocérbon compound containing 1 to 4 carbon atoms and one or more chlorine

or bromine atoms.
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nor e. 50. A method of claim?24 wherein the hal ogen conpound is a

hal ogen- cont ai ni ng or gani c conpound. 51. A nethod of claim 24
wherein content of the hal ogen conpound ranges from0.05 to 6% by
wei ght . 52. A method of claim?24 wherein the 2-hydroxyethyl nethacryl ate

or the nononer “nul ins a radical polynerization initiator.
-~ 53. A net hod of “Ill “Z“Immm t he 2-hydroxyethyl nethacrylate has a
purity of 96%or * ¢ nbré ° 524, A met hod of claim 32 wherein the
hal ogen conpound is a hal ogen-contai ni ng_gg.gani c conpound.

55.
t hod of im 32 i .2- hyd t [yl th | at t.h
mxtar e corta n o & Airefl of Wity B SRR 1he prBpgRbon | Gutbotng ingelhdor
cl ai m 32 wHeemj thet greup-dopsisting of leyhylemst bllorohlydtia, habon tetwabrymile, 94foar
more. 57-tetxa@hﬁﬁﬁ@,ogxl%fcﬁ‘hﬁ'd%ﬂomﬂ{a?fgnantdhgiéﬂﬁy&g\ﬁ&%orrpound IS a
conmpound. : ne

hal ogen-cont ai ni ng or gﬁml C hod of claim40
e

wherei n corfdent o ath pb glaim cihpo dAdwhenein: sotentnod the hadogen comminidy

weight.  S9nges fofe0.0540 67% By B0 Wherein the 2-hydroxyet hyl

net hacryl atg or the 0 ] re contains a radical polynerization

initiat )c/)r _ E’) Amem)or(]i orﬁs:faims 39%or %)\;v l(Jarein thei I ws témlilgxpthaceyla or i!,hé !
monomer mixture contains a radical polymerization initiator.
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