
EP 0422836B1 Description The present invention relates to a resin for
urethane lenses having good optical properties and heat re- sistance, to
lenses comprising the resin, and to processes for the preparation of the
resin and the lenses. 5      Plastic lenses are lighter and less breakable
as compared with Inorganic lenses, and are also dyeable. Therefore, In
recentyears, the application of plasticlenses to optical elements such as
spectacles and cameras has increased rapidly. A resin which presently has
been widely used for this purpose can be obtained by the radical
polymerization of diethylene glycol bis(allylcarbonate) (hereinafter
referred to as "D.A.C). This kind of resin is characterized 10  by having
excellent impact resistance, being lightweight, and having excellent dyeing
properties, good work- ability such as cutting and polishing, and the like.
With regard to this resin, however, its refractive index is lower (nD =
1.50) than that of the inorganic lenses (nD = 1.52).- Accordingly, In order
to obtain the optical characteristics equal to those of glass lenses, it is
nec- essary to increase the thickness of the center and periphery of the
plastic lenses as well as their curvature, 15 so that the thickness of the
plastic lenses inevitably Increases on the whole. For this reason, the
resin for lenses having a higher refractive index is desired. Furthermore,
polyurethane resins are known as resins for lenses having a high refractive
Index which can be obtained by the reaction of an isocyanate compound and a
hydroxy compound such as diethylene glycol (Japanese Patent Laid-open No.
57-136601), the reaction of the Isocyanate compound and a hydroxy coin- 20
pound having a halogen atom such as tetrabromobisphenol A (Japanese Patent
Laid-open No. 58-l 64615), and the reaction of the isocyanate compound and
a hydroxy compound having a diphenyl sulfide skeleton (Jap- anese. Patent
Laid-open No. 60-194401). Moreover, the same assignee as in this
application has already offered, as resins for lenses having a high
refractive index, polyurethane resins and lenses comprising the resins
obtained by the reaction of an; isocyan- 25  ate compound and a hydroxy
compound having a sulfur atom (Japanese Patent Laid-open No. 60o217229) and
the reaction of the isocyanate compound and a polythiol compound (Japanese
Patent Laid-open Nos. 60- 199016, 62-267314 and 63-46213). The lenses
comprising these known resins have a higher refractive index than the
lenses using D.A.C, but the degree of its improvement is not sufficient.
Additionally,. in these resins, compounds having many ha- 30  logen atoms
or an aromatic ring in each molecule thereof are used so as to Improve the
refractive index, and therefore they have some drawbacks, for example, poor
weathering resistance and Increased specific gravity. Moreover, in these
known plastic lenses of the present applicants the refractive Index Is
still poor, disper- sion is more perceptible considering the value of the
refractive Index as compared with glass lenses; and heat resistance is
insufficient in a subsequent step of dyeing, coating and the like. For
these reasons, further im- 35  provement is demanded. Thus It is desirable
to provide a resin for urethane lenses having high refractive Index,
extremely low dis- persion, excellent heat resistance and weathering
resistance, being lightweight and having good impact resis- tance. It Is
further desirable to provide lenses comprising the above-mentioned resin.
40     It is still further desirable to provide processes for preparing the
above-mentioned resin and lenses. In orderto achieve the aforesaid objects,
the present Inventors have conducted further research concern- ing raw
materials of a resin for urethane lenses, and as a result, have found that
when an alicyclic isocyanate compound represented by the formula (I) 



45 (err)                (err) 50  and/or an alicyclic isocyanate compound
represented by the formula (ii) (err) 55 is reacted with at least one
active hydrogen compound selected from polyol compounds, polythlol
compounds except 1,2- is[(2-mercaptoethyl)thio]-3-mercaptopropane, and
thiol compounds having a hydroxyl group, a 2    EP 0 422 836 B1 resin for
urethane lenses can be obtained. A preferred embodiment has high refractive
Index, extremely low dispersion, excellent heat resistance and weathering
resistance, and Is lightweight and has good impact re- sistance. The
present invention has been achieved on the basis of this knowledge.
Furthermore, a urethane resin obtained by reacting an alicyclic isocyanate
represented by formula (II) of 5   the present invention with polyol
compounds is disclosed In DE-A-3010626. This resin Is suitable for usage in
electrical engineering. However, there Is no description that the resin Is
preferable for optical lenses. DESCRIPTION OF THE PREFERRED EMBODIMENTS 10
Typical examples of the allcyclic isocyanate compound represented by the
formula (I) used In the present in- vention indude
2,5-bis(ocyanatomethyl)bicyclo[2.2.llheptane and 2,6-bis(isocyanatomethy
)bicyclo[2.2.1]hep- tane,I and typical examples of the alicyclic isocyanate
compound represented by the formula (II) include 3,8-bis(iso-
cyanatomethyl)tricyclo-[5.2.1.02A]-decane,'
3,9-bis(isocyanatomethyl)tricydo-[5.2.1.02.]-decane, 4,8-bis(isocya-
natomethyl)tricyclo- [5.2.1.02--decane and
4,9-bis(isocyanatormethyl)tricyclo[5.2.1.02]-decane. These com- 15  pounds
can be used singly or in the form of a mixture of two or more thereof.
Examples of a polyol compound used In the present invention are
bifunctional or higher-functional polyols inclusive of compounds having a
sulfur atom in each molecule thereof. Typical examples of the bifunctional
or higher-functional polyol compounds include polyols such as ethy- lene
glycol,"diethylene glycol, propylene glycol, dipropylene glycol, butylene
glycol, neopentyl glycol,:glycerin, 20  trimethylolithane,
trimethylolpropane, butanetriol, 1,2-methyl glucoside, pentaerythritol,
dipentaerythritol, tri- pentaerythritol, sorbitol, erythritol, slaytol,
ribitol, arabinitol, xylitol, allitol, manitol, dulcitol, iditol, glycol,
Inositol, hexanetriol, triglycerol, diglycerol, triethylene glycol,
polyethylene glycol, tris(2-hydroxyethyl)isocyanurate, cy- clobutanediol,
cyclopentanediol, cyclohexanediol, cydoheptanediol, cyclooctanediol,
cyclohexanedimethanol, hydroxypropylcyclohexanol,
tricyclo[5.2.1.02.6]decanedimethanol, bicyclo[4.3.0]nonanediol,
dicyclohexane- 25  diol, tricyclo[5.3.1.1]dodecanediol,
bicyclo[4.3.0]nonanedimethanol, tricyclo[5.3.1.1]dodecanedlethanol, hy-
droxypropyltricyclo[5.3.1.1]dodecanol, spiro[3.4]octanedlol,
butylcyclohexanedlol, 1,1-bicyclohexylidenediol, cyclohexanetriol,
multitol, lactitol, dihydroxynaphthalene, trihydroxynaphthalene,
tetrahydroxynaphthalene, di- hydroxybenzene, benzenetriol, biphenyltetraol,
pyrogallol, (hydroxynaphthyl)pyrogallol, trihydroxyphenan- threne,
bisphenol A, bisphenol F, xylylene glycol, dl(2-hydroxyethoxy)benzene,
bisphenol A bis(2-hydroxyethyl) 30  ether, tetrabromobisphenol A,
tetrabromobisphenol A bis(2-hydroxyethyl) ether, dibromoneopentyl glycol
and epoxy resin; condensation reaction products of the above-mentioned
polyols and organic polybasic acids such as oxalic acid, glutamic acid,
adipic acid, acetic acid, propionic acid, cyclohexanecarboxylic acid,
P-oxocyclo- hexanepropionic acid, dimeric acid, phthalic acid, isophthalic
acid, salicylic acid, 3-bromoproplonic acid, 2-bro- 



moglycollic acid, dicarboxycyclohexane, pyromellitic acid,
butanetetracarboxylic acid and phthalic acid; addi- 35  tion reaction
products of the above-mentioned polyols and alkylene oxides such as
ethylene oxideland pro- pylene oxide; and addition reaction products of
alkylene polyamines and alikylene oxides such as ethylene ox- ide and
propylene oxide. In addition, their halogen-substituted compounds such as
chlorine-substituted compounds and bromine- substituted compounds can also
be used. 40      They can be used singly or in the form of a mixture of two
or more thereof. Examples of the bifunctional or higher-functional polyols
having a sulfur atom include bis[4-(2-hydroxye- thoxy)phenyl] sulfide,
bis[4-(2-hydroxypropoxy)phenyil] sulfide,
bis[4-(2,3-dihydroxypropoxy)phenyl] sulfide, bis(4-hydroxycyclohexyl)
sulfide, bis[2-methyl-4-(hydroxyethoxy)-6-butylphenyl] sulfide, compounds
obtained by adding ethylene oxide and/or propylene oxide to the
above-mentioned compounds usually in a ratio of three 45   molecules of the
former oxide to one hydroxyl group of each latter compound,
di-(2-hydroxyethyl) sulfide, 1,2- bis(2-hydroxyethylmercapto)ethane,
bis(2-hydroxyethyl) disulfide, 1,4-dithian-2,5-diol, bis(2,3-dihydroxypro-
pyl) sulfide; tetrakis(4-hydroxy-2-thiabutyl)methane,
bis(4-hydroxyphenyl)sulfone (trade name Bisphenol S), tetrabromobisphenol
S, tetramethylbisphenol S, 4,4'-thiobis(6-tert-butylphenol) and 1
,3-bis(2-hydroxyethylth- ioethy")cyclohexane. 50      In addition, their
halogen-substituted compounds such as chlorine-substituted compounds and
bromine- substituted compounds can also be used. They can be used singly or
in the form of a mixture of two or more thereof. Polythiol compounds used
in the present Invention are bifunctional and higher-functional, and these
com- pounds also include compounds having at least one sulfur atom in
addition to a mercapto group. However, 1,2- 55
bis[(2-mercaptoethyl)thio]-3-mercaptopropane is omitted therefrom. Typical
examples of the bifunctional and more-functional polythiol include
aliphatic polythiols such as me- thanedithiol, 1,2-ethanedithiol,
1,1-propapedithiol, 1,2-propanedithiol, 1,3-propanedithiol,
2,2-propanedithiol, 1 ,6-hexanedithiol, 1 ,2,3-propanetrithiol,
1,1--cyclohexanedithiol; 1 ,2-cyclohexanedithiol, 2,2-dimethylpropane- 3
I EP 0 422 836 B1 1,3-dithiol, 3,4-dimethoxybutane-1,2-dithiol,
2-methylcyclohexane-2,3-dithiol, bicyclo[2.2.1]hepta-exo-cis- 2,3-dithiol,
1,1-bis(mercaptomethyl)cyclohexane, bis(2-mercaptoethyl) thmalate,
(2-mercaptoethyl) 2,3-di- mercaptosuccinate, 2,3-dimercapto-1-propanol
(2-mercaptoacetate), 2,3-dimercapto-1-propanol (3-mercap- toacetate),
diethylene glycol bis(2-mercaptoacetate), diethylene glycol
bis(3-mercaptopropionate), 1,2-dimercap- 5   topropyl methyl ether,
2,3-dimercaptopropyl methyl ether, 2,2-bis(mercaptomethyl)-1
,3-propanedithiol, bis(2-mer- captoethyl) ether, ethylene glycol
bis(2-mercaptoacetate), ethylene glycol bis(3-mercaptopropionate),
trimethylol- propane tris(2-mercaptoacetate), trimethylolpropane
tris(3-mercaptopropionate), pentaerythritol tetrakis(2-mer- captoacetate)
and pentaerythritol tetrakis(3-mercaptopropionate); their
halogen-substituted compounds such as chlorine-substituted compounds and
bromine-substituted compounds; aromatic polythiols such as 1,2-dimercap- 10
tobenzene, 1,3-dimercaptobenzene, 1,4-dimercaptobenzene,
1,2-bis(mercaptomethyl)benzene, 1,3-bis(mercapto- methyl)benzene,
1,4-bis(mercaptomethyl)benzene, 1,2-bis(mercaptoethyl)benzene,
1,3-bis(mercaptoethyl)ben- zone,-1,4-bis(mercaptoethyl)benzene,
1,2-bis(mercaptomethyleneoxy)benzene, 1,3-bis(mercaptomethyleneoxy) 



benzene, 1,4-bis(mercaptomethyleneoxy)benzene,
1,2-bis(mercaptoethyleneoxy)benzene, 1,3-bis(memaptoethy- leneoxy)benzene,
1,4-bis(mercaptoethyleoeoxy)benzene, 1,2,3-trimercaptobenzene,
1,2,4-trimercaptobenzene, 15   1,3,5-trimercaptobenzene,
1,2,3-tris(mercaptomethyl)benzene, 1,2,4-tris(mercaptomethyl)benzene,
1,3,5-tis (mercaptonlethyl)benzene, 1 ,2,3-tris(mercaptoethyl)benzene, 1
,2,4-tris(mercaptoethyl)benzene, 1,3,5- tris(mercaptoethyl)benzene,
1,2,3-tris(mercaptomethyleneoxy)benzene,
1,2,4-tris(mercaptomethyleneoxy)benzene,
1,3,5-tris(mercaptomethyleneoxy)benzene,
1,2,3-tris(mercaptoethyleneoxy)benzene, 1,2,4-tris(mercaptoe-
thyleneoxyybenzene, 1,3,5-tris(mercaptoethyleneoxy)benzene,
1,2,3,4-tetramercaptobenzene, 1,2,3,5-tetra- 20   mercaptobenzene,
1,2,4,5-tetramercaptobenzene, 1,2,3,4-tetrakis(mercaptomethyl)benzene,
1,2,3,5-tetra- kis(mercaptomethyl)benzene,
1,2,4,5-tetrakis(mercaptomethyl)benzene,
1,2,3,4-tetrakis(mercaptoethyl)ben- zene,
1,2,3,5-tetrakis(mercaptoethyl)benzene,
1,2,4,5-tetrakis(mercaptoethyl)benzene, 1,2,3,4-tetrakis(mer-
captomethyleneoxy)benzene, 1,2,3,5-tetrakis(mercaptomethyleneoxy)benzene,
1,2,4,5-tetrakis(mercapto- methyleneoxy)benzene,
1,2,3,4-tetrakis(mercaptoethyleneoxy)benzene,
1,2,3,5-tetrakis(mercaptoethyle- 25   neoxy)benzene,
1,2,4,5-tetrakis(mercaptoethyleneoxy)benzene, 2,2'-dimercaptobiphenyl,
4,4'-dimercaptobi- phenyl, 4,4-dimercaptobibenzyl, 2,5-toluenedithiol,
3,4-toluenedithiol, 1,4-naphthalenedithiol, 1,5-naphthale- nedithiol,
2,6-naphthalenedithiol, 2,7-naphthalenedithlol,
2,4-dimethylbenzene-1,3-dithiol, 4,5-dimethylben- zene-1,3-dithiol,
9,10-anthracenedimethanethiol, 1,3-di(p-methoxyphenyl)propane-2,2-dithiol,
1,3-piphenyl- propane-2,2-dithiol, phenylmethane-1 ,1-dithiol and
2,4-di(p-mercaptophenyl)pentane; halogen-substituted ar- 30   omatic
polythiols such as chlorine-substituted compounds and bromine-substituted
compounds, for example, 2,5-dichlorobenzene-1,3-dithiol,
1,3-di(p-chlorophenyl)propane-2,2-dithiol, 3,4,5-tribromo-1,2-dimercapto-
benzene and 2,3,4,6-tetrachloro-1,5-bis(mercaptomethyl)benzene; polythlols
having a heterocyclic ring such as 2-methylamino-4,8-dithiol-sy -triazine,
2-ethylamino-4,6-dithlol-sym-triazine, 2-morpholino-4,6-dithiol-
sym-triazine, 2-cyclohexylamino-4,6-dithiol-sym-triazine,
2-methoxy-4,6-dithiol-sym-triazine, 2-phenoxy-4,6- 35
dithiol-sym-,triazine, 2-thlobenzeneoxy-4,6-dithiol-sym-triazine and
2-thlobutyloxy-4,6-dithiol-sym-triazine; and their halogen-substituted
compounds such as chlorine-substituted compounds and bromine-substituted
compounds                            . They can be used singly or in the
form of a mixture of two or more thereof. Examples of the bifunctional and
more-functional polythois having at least one sulfur atom in addition 40
to the mercapto group: include aromatic polythiols such as 1
,2-bis(mercaptomethylthio)benzene, 1,3, bis(mer- captomethylthio)benzene,
1,4-bis(mercaptomethylthio)benzene, 1,2-bis(mercaptoethylthio)benzene, 1,3-
bis(mercaptoethylthio)benzene, 1,4-bis(mercaptoethylthio)benzene,
1,2,3-tris(mercaptomethylthio)benzene, 1
,2,4-tris(mercaptomethylthio)benzene, 1
,3,5-tris(mercaptomethylthlo)benzene, 1 ,2,3-tris(mercaptoethylthio)
benzene, 1,2,4-tris(mercaptoethylthio)benzene,
1,3,5-tris(mercaptoethylthio)benzene, 1,2,3,4-tetrakis(mer- 45
captomethylthio)benzene, 1,2,3,5-tetrakis(mercaptomethylthio)benzene,
1,2,4,5-tetrakis(mercaptomethylth- io)benzene,
1,2,3,4-tetrakis(mercaptoethylthio)benzene,
1,2,3,5-tetrakis(mercaptoethyithlo)benzene, 1,2,4,5-
tetrakis(mercaptoethylthio)benzene and their nuclear-alkylated compounds;
aliphatic polythiols such as bis(mercaptomethyl) sulfide,
bis(mercaptoethyl) sulfide, bis(mercaptopropyl) sulfide,
bis(mercaptorethylth- io)methane, bis(2-mercaptoethylthio)methane,
bis(3-mercaptopropylthio)methane, 1,2-bis(mercaptornethylth- 50 io)ethane,
1 ,2-bis(2-mercaptoethylthio)ethane, 1 ,2-bis(3-mercaptopropylthio)ethane,
1 ,3-bis(mercaptome- thylthio)propane, 1,3-bis(2-mercaptoethylthio)propane,
1,3-bis(3-mercaptopropylthio)propane, 1,2,34-tris(mer-
captomethylthio)propane, 1,2,3-tris(2-mercaptoethylthio)propane,
1,2,3-tris(3-mercaptopropylthio)propane,
tetrakis(mercaptomethylthiomethyl)methane,
tetrakis(2-mercaptoethylthiomethyl)methane, tetrakis(3-mer-
captopropylmethyl)methane, bis(2,3-dimercaptopropyl) sulfide,
2,5-dimercapto-1,4-dithian, bis(mercaptome- . 55   thyl) disulfide,
bis(mercaptoethyl) disulfide, bis(mercaptopropyl) disulfide and their
esters of thioglycollic acid 



and mercaptopropionic acid, hydroxymethylsulfido bis(2-mercaptoacetate),
hydroxymethylsulfido bis(3-mer- captoproplonate), hydroxyethylsulfido
bis(2-mercaptoacetate), hydroxyethylsulfido bis(3-mercaptopropion-
ate),.hydroxypropylsulfido bis(2-mercaptacetate), hydroxypropylsulfido
bis(3-mercaptopropionate),;hydroxy- 4    EP  422 836 B1 methyldisuldido
bis(2-mercaptoacetate), hydroxymethyldisulfido bis(3-mercaptopropionate),
hydroxyethyldi- sulfido; bis(2-mercaptoacetate), hydroxyethyidisulfido
bis(3-mercaptoproplonate), hydroxypropyidisulfido bis(2-mercaptoacetate),
hydroxypropyidisuifido bis(3-mercaptopropionate), 2-mercaptoethyl ether
bis(2-mer- captoacetate), 2-mercaptoethyl ether bis(3-mercaptopropionate),
1,4-dithian-2,5-diol bis(2-mercaptoacetate), 5   1,4-dithian-2,5-dlol
bis(3-mercaptoproplonate), bis(2-mercaptoethyl) thiodiglycolate,
bis(2-mercaptoethyl) thlodipropionate, bis(2-mercaptoethyl)
4,4-thiodibutylate, bis(2-mercaptoethyl) dithlodiglycolate, bis(2-mer-
captoethyl) dithiodipropionate, bis(2-mercaptoethyl) 4,4-dithiodibutylate,
bis(2,3-dimercaptopropyl) thlodigly- colate,' bis(2,3-dimercaptopropyl)
thiodiproplonate, bis(2,3-dimercaptopropyl) dithloglycolate, bis(2,3-dimer-
captopropyl) dithiodipropionate; and compounds having a heterocyclic ring
such as 3,4-thlophenedithiol and 10  bismuthiol. Additionally, their
halogen-substituted compounds such as chlorine-substituted compounds and
bromine- substituted compounds can also be used. They can be used singly or
In the form of a mixture of two or more thereof. Exampes of a thiol
compound having a hydroxyl group used In the present Invention include
copounds 15  having at least one sulfur atom In additioh to a mercapto
group: Typical examples of such compounds include 2-mercaptoethanol,
3-mercapto-1,2-propanedlol, glycerin di(mercaptgacetate),
1-hydroxy-4-mercaptocyclohexane, 2,4-dimercaptophenol,
2-mercaptohydroquinone, 4- meroaptoplienol, 3,4-dimercapto-2-propanol,
1,3-dimercapto-2-propanol, 2,3-dimercapto-1-propanol, 1,2-di- mercapto-1;
3-butanediol, trimethylolpropane bis(thloglycolate), trimethylolpropane
bis(3-mercaptopropion- 20  ate),trimethylolpropane mono(thioglycolate),
trimethylolpropane mono(3-mercaptopropionate), pentaerythri- tol
tris(3-mercaptopropionate), pentaerythritol mono(3-mercaptoproplonate),
pentaerythritol bis(3-mercapto- proplonate), pentaerythritol
tris(thloglycolate), dipentaerythritol pentaids(3-mercaptopropionate),
hydroxyme- thyltris(mercaptoethylthlomethyl)methane,
1-hydroxyethylthio-3-mercaptoethylthlobenzene, 4-hydroxy-4'-
mercaptodiehenylsulfone, 2-(2-mercaptoethylthio)ethanol,
dlhydroxyethylsulfido mono(3-mercaptopropbinate), di- 25   mercaptoethane
mono(salicylate),
hydroxyethylthiomethyltris(mercaptoethylthiomethyl)methane. Additionally,
their halogen-substituted compounds such as chlorine-substituted compounds
and bromine- substituted compounds can also be used. They can be used
singly or in the form of a mixture of two or more thereof. A ratio of the
alicyclic Isocyanate compound represented by the formula (I) and/or the
formula (II) to the 30  active hydrogen compound is such that the molar
ratio of functional groups represented by NCO/(SH + OH) Is usually in the
range of from 0.5 to 3.0, preferably from 0.5 to 1.5. The resins of the
present invention are the urethane resin and/or the S-alkyl thiocarbamate
resin, and their main chemical linkages are the urethane bond of an
isocyanate group and a hydroxyl group and/or a mercapto group, and/or an
S-alkyl thiocarbamate bond, but needless to say, other bonds can be
additionally contained 35  therein such as an allophanate bond, a urea bond
and a bluret bond, depending upon the intended purpose. 



For example, the urethane bond or the S-alkyl thiocarbamate bond can be
further reacted with the isocyanate group so as to Increase the crosslink
density, which often leads to preferable results. In this case, a reaction
temperatur4 is raised up to at least 1000C and the Isocyanate component Is
used In large quantities: Alterna- tively, an amine or the like can be
partially used in order to utilize the urea bond or the bluret bond. 40
In casethere are used such compounds otherthan the polyol compounds, the
polythiol compounds except 1
,2-bis[(2-nercaptoethyl)thio]-3-mercaptopropane and the thiol compounds
having a hydroxyl group which re- act with the: isocyanate compound, much
attention should be paid to the point of coloring. Furthermore, as in a
known molding process, a variety of additives may be added to the raw
materials, if necessary, which are, for example, a chain extender, a
crosslinking agent, a light stabilizer, an ultraviolet ab- 45  sorber, an
antioxidant, an oil-soluble dye, a filler and so on. For the purpose of
adjusting a reaction rate to a desired level, It Is also possible to add a
suitable amount of a known reaction catalyst which is usable in the
manufacture of S-alkyl thiocarbamate or polyurethane. The lenses of the
present invention can be obtained by cast polymerization. Concretely, the
allcyclic isocyanate compound represented by the formula (I) and/or the
alicyclic isocyan- 50  ate compound represented by the formula (II) Is
mixed with at least one active hydrogen compound selected from the group
consisting of the polyol compounds, the polythiol compounds except
1,2-bis[(2-mercaptoethyl- )thio]-3-mercaptopropane, and the thiol compounds
having a hydroxyl group. The resulting mixture is then de- foamed in a
suitable manner, if necessary, and it is poured Into a mold. Afterward,
polymerization is usually carried out by gradually heating the mixture from
a low temperature to a high temperature. 55      The resin for urethane
lenses of the present invention which can be obtained in this way has high
refractive index, extremely low dispersion, excellent heat resistance and
weathering resistance, is lightweight and has good impact resistance, and
therefore It is desirable as a material for optical lenses of spectacles,
cameras and the like 5    EP 0 422 836 B1 The lenses prepared from the
resin material of the present Invention can be subjected to a physical or a
chemical treatment such as a surface polishing treatment, an antistatic
treatment, a hard coat treatment, a non-reflectin treatmentg a dyeing
treatment or a dimming treatment so as to Improve reflection inhibition,
abrasion resistance and chemical resistance and to provide high hardness
and cloud prevention. 5      Now, the present Invention will be described
In more detail In reference to examples and reference exam- ples. For the
obtained resins for lenses, performance tests of refractive Index, Abbe's
number, weathering re- sistance, heat resistance and appearance were
carried out by the following methods. Refractive index and Abbe's number
Each measurement was made at 200C by the use of a Pulfrich re- fractometer.
10      Weathering resistance: Each resin for a lens was set on a
Weather-O-meter equipped with a sunshine car- bon arc lamp, and after 200
hours had passed, the lens was taken out. Afterward, the hue of the lens
was compared with that of the resin for the lens prior to the test.
Evaluation was made by classifying the change of the hue into no change
(0), slight yellowing (A) and yellowing (X). Heat resistance: A heat
deformation starting temperature was measured by loading each test piece
with 15  a weight of 5g and then heating the same at 2.59C/minute by the
use of a thermomechanical analyzer (man- 



ufactured bye Perkin Elmer Co., Ltd. In U.S.A.). Appearance: Observation
was visually made. Example 1 20 40 9 of a mixture of
2,5-bis(isocyanatomethyl)bicyclo[2.2.1]heptane and
2,8-bis(isocyanatomethyl)bicy- clo[2.2.1 ]heptane (1:1) was mixed with 42.8
g of tetrakis(2-mercaptoethylthlomethyl)methane, and 0.08 g of dibutyltin
dilaurate was then added thereto, followed byforming a uniform mixture.
Afterward, the mixture was poured into a mold comprising a glass mold and a
gasket, and then heated to cure. The thus obtained resin 25  was colorless
and transparent and excellent In weathering resistance, and had a
refractive index nD of 1.62, an Abbe's number VD of 42 and a heat
deformation starting temperature of 1200C. Example 2 47.8 g of a mixture of
3,8-bis(isocyanatomethyl)tricylco[5.2.1.02.6]decane,
3,9-bis(isocyanatomethyl)tricy- clo[5.21 .02.6]decane,
4,8-bis(isocyanatomethyl)tricyclo[5.2.1.02.6decane and
4,9-bis(isocyanatomethyl)tricy- clo[5.2.1.02.6]decane was mixed with 42.8 g
of tetrakis(2-mercaptoethylthlomethyl)methane, and 0.09 g of di- :
butyltin dilaurate was then added thereto, followed by forming a uniform
mixture. Afterward, the mixture was poured Into a mold comprising a glass
mold and a gasket, and then heated to cure. The thus obtained resin was
colorless and transparent and excellent in weathering resistance, and had a
refractive index nD of 1.62, an Abbe's number VD of 41 and a heat
deformation starting temperature of 1250C. Examples 3 to 8, Comparative
Examples 1 to 2 40 The same procedure as In Examples I and 2 was effected
In order to synthesize resins having composi- tions shown in Table 1. The
results of evaluation are set forth in Table 1. 46 50 : 5 6    EP 0 422 836
B1 (err) (err) 5 (err) (err) (err) (err) (err) (err) (err) (err) (err) 25
(err) 



(err) (err) (err) (err) 30 (err) (err) (err) (err) (err) (err) (err) (err)
(err) (err) (err) (err) (err) (err) (err) 40      (err) (err) (err) 55
(err) (err) (err) (err) (err) (err) 25 (err) 30
(err) (err) (err) 50 55    



EP 0 422 836 B1 (err) (err) (err) (err) (err) (err) (err) 5
(err) (err) (err) (err) (err) (err) (err) (err) (err) (err) (err) (err)
(err) (err) (err) (err)                                          (err)
(err) (err) (err) (err) 40 (err) (err) 25 (err) (err) (err)
(err) (err)    (err) (err) (err) (err) 



(err) (err) (err) (err) 10 (err) 15                (err) (err) (err) 20
(err) 25    . 30 (err) (err) (err) 40 (err) (err)
(err) (err) (err) (err) (err) Claims 1. A resin for urethane lenses which
is obtained by reacting an alicyclic lsocyanate compound represented by
formula (1): 55 9    (err) (err) 5 with atleastone active hydrogen compound
selected from polyol compounds polythiol compounds except 1
,2-bis[(2-mercaptoethyl)thio]-3-mercaptopropane, and thiol compounds having
a hydroxyl group. 2. A resin for urethane lenses which is obtained by
reacting an alicyclic isocyanate compound represented 10      by formula
(II): (err) 15 with at least one active hydrogen compound selected from
polythiol compounds except 1 ,2-bis[(2-mer-
captoethyl)thio]-3-mercaptopropane. and thiol compounds having a hydroxyl
group. 20 



3. A resin for urethane lenses according to Claim I or 2, wherein the ratio
of the alicyclic isocyanate com- pound to the active hydrogen compound is
such that the molar ratio of functional groups represented by (err) is in
the range of from 0.5 to 3.0. 4. A lens comprising a urethane resin which
is obtained by reacting an alicyclic isocyanate compound rep- resented by
formula (I): (err) 30 and/or an alicyclic Isocyanate compound represented
by formula (II): 35 (err) with at least one active hydrogen compound
selected from polyol compounds, polythiol compounds except 41
2-bis[(2-mercaptoethyl)thio]-3-mercaptopropane, and thiol compounds having
a hydroxyl group. 5. A lens according to Claim 4 wherein the ratio of the
alicyclic Isocyanate compound to the active hydrogen compound is such that
the molar ratIo of functional groups represented by NCOI(SH + OH) Is in the
range of from 0.5 to 3.0. 45 6. A process for preparing a resin for
urethane lenses which comprises the steps of mixing an alicyclic iso-
cyanate compound represented by formula (I): (err) with atleastone active
hydrogen compound selectedfrom polyol compounds, polythiol compounds except
55       1 ,2-bis[(2-mercaptoethyl)thiol-3-mercaptopropane, and thiol
compounds having a hydroxyl group, and then heating and curing the mixture.
7. A process for preparing a resin for urethane lenses which comprises the
steps of mixing an alicyclic iso- 10    EP 0 422 83 8B1              (err)
cyanate compound represented by formula (II): (err) (err) with at least one
active hydrogen compound selected from polythiol compounds except
1,2-bls[(2-mer- 10      captoethyl)thio]-3-mercaptopropane, and thiol
compounds having a hydroxyl group, and then heating and curing the mixture.
8. A process for preparing a resin for urethane lenses according to Claim 6
or 7, wherein the ratio of the ali- cyclic isocyanate compound to the
active hydrogen compound is such that the molar ratio of functional 15
groups represented by NCO/(SH + OH) is In the range of from 0.5 to 3.0. 9.
Aprocess for preparing a lens which comprises the steps of mixing an
alicyclic isocyanate compound rep- resented by formula (I): (err) 25 and/or
an alicyclic isocyanate compound represented by formula (II): OCNCH2
(err) 



with atleast one active hydrogen compound selected from polyol compounds,
polythiol compounds except 35      1
,2-bis[(2-mercaptoethyl)thio]-3-mercaptopropane, and thiol compounds having
a hydroxyl grpup, and then cast-polymerizing the mixture. 10. Aprocessfor
preparing a lens according to Claim 9 wherein the ratio of the alicyclic
isocyanate compound to the active hydrogen compound is such thatthe
molarratio offunctional groups represented by NCO/(SH + OH) Is In the range
of from 0.5 to 3.0. Patentanspruche 1.  HarzfurUrethan-Linsen, welches
erhalten wird durch Reaktion einerallcyclischen lsocyanatverbindung, die
durch die Formel (I): OCNCH                 H NCO           (I) 50
reprisentiert wird mit wenigstens einer aktiven Wasserstoffverbindung,
ausgewahit aus Polyolverbindun- gen, Polythiolverbindungen, ausgenommen 1
,2-bls[(2-Mercaptoethyl)thio]-3-mercaptopropan, und Thiol- verbindungen mit
einer Hydroxylgruppe. 55 2.  Harzfur Urethan-Linsen, welches erhalten wird
durch Reaktion eineralicyclischen Isocyanatverbindung, die durch die Formel
(Il): ,
.~~~~~~~~~~~1    ,                 ~~~~~~EP 0 422 836 B1Silllliilllllii lll
:   s    .                                              *
~~~~~~~~~~~~~~~~~~~~~C   L   M   S* ;   OCNCH2-4CYcH2NCO
(Ir) reprasentiert wird, mit wenigetens einer aktiven
Wesserstoffverblndung, ausgewahlt aus Polythlolverbin- dungen, ausgenommen
1 ,2-bis[(2-Mercaptoethyl)thio]-3-mercaptopropan, und Thliolverbindungen
mit el- ner Hydroxylgruppe. 10  3.  Harz fur Urethan-Linsen nach Anspruch 1
oder 2, worin das Verhaltnis der alicyclischen lsocyanatver- bindung zu der
aktiven Wasserstoffverbindung so ausgewahit bst, dal das Molverhaltnis
derfunktionellen Gruppen, die durch NCO/(SHI-IOH) reprasentiert wird, im
Bereich von 0,5 bis 3,0 liegt. 4.  Linse, enthaltend sin Urethanharz,
welches erhalten wird durch Reaktion elner allcyclischen Isocyanat-
verbinclung, die durch die Formel (1). OCNCH2A C.>....CH2NCO 20~~~~~~~~~~
2 \.>  20 reprfsentiert wird und/oder einer alicyclischen
Isocyanatverbindung, die durch die Formel (11): 2:       -OCNCH42
H2NCO          (II) reprasentlertwird, mitwenigstens eneraktiven
Wasserstoffverbindung, ausgewahitaus Polyolverbindun- *  30   gen,
Polythlolverbindungen, ausgenommen
1,2-bis[(2-Msrcaptoethyl)thlo]-3-mercaptopropan, und Thiol- v rbindungen,
die sine Hydroxylgruppe aufwelsen. 5. Linse nach Anspruch 4, worin das
Verhaltnis der alicyciischen Isocyanatverbindung zur aktiven Wasser-
stoffverbindung so ausgewAhit ist, daS das molare Verhaltnis der
funktionellen Gruppen, die durch NCO/(SH+OH) reprasentiert werden, Im
Berelch von 0,5 bis 3,0 !iegt. 



35 6. Verfahren zur Herstellung sines Harzes ffMr Urethan-Linsen, welches
die Stufen des Mischens einer ali- -cycisahen Isocyanatverbindung, die
durch die Formel (1): .40 OCNCH2                                (r)
,repraesntiertwird, mit wenigsetns einer aktiven Wasserstoffverbindung,
ausgewihit aus Polyolverbindun- 45      gen, Polythiolverbindungen,
ausgenommen I,2-bis[(2-Mercaptoethyl)thio]-3-msrcaptopropanund Thiol-
verbindungen mit einer Hydroxylgruppe und anschileBendes Erhltzen und
Hirten der Mischung. 7. Verfahren zur Herstellung eines Harzes fMr
Urethan-Unsen, welches die Stufen des Mischens esiner ali- cycischen
lsocyanatverbindung, die durch die Formel ("1): 50 OCNCK2
NCO             11) *  58~~~~~~~~~~~~~~~~ - - 55., reprasentiert wird, mit
wen istens einer aktiven Wasserstoffverbindung, ausgewahit aus
Polythiolverbin- dungen, ausgenommen 1
,2-bis[(2-Mercaptoethyl)thbo]-3-mercaptopropan, und Thiolverbindungen mit
ei- 12    !  EiP 0 422 836 B13                1111111 111111 11111 11111
111 ner Hydroxylgruppe umfatt und anschlleiendes Erhitzen und HArten der
Mischung. 8.  Verfahren zur Herstellung elnes Harzes fOr Urethan-Linsen
gemA Aispruch 6 odor 7, worin das Verhalt- nis der alicycilschen
Isocyanatverbindung zu der aktiven Wasserstoffverbindung so ausgewAhit ist,
daB 6 das molare Verhiltnis der funktionellen Gruppen, die durch
NCO/(SH+OH) reprisentlert werdep, im Be- reich von 0,5 bis 3,0 liegt. 9.
Verfahren zur Herstellung einer Linse, welches die Stufen des Mischens
einer alicyclischen Isocyanat- verbindung, die durch die Formel (I): 10
OCNCH2 N>OH2ICO 15 reprasentiert wird undhoder einer alibyclischen
Isocyanatverbindung, die durch die Formel (Il): 20QCNC22 4H2NCO
(II) reprisentiertwird, mKwenigstens eineraktiven Wasserstoffverbindung,
ausgewihitaus Polyolvqrbindun- gen, Polythiolverbindungen, ausgenommen
1,2-bis[(2-Mercaptoethyl)thio]-3-mercaptopropan, und Thiol- 25
verbindungen mit einer Hydroxyigruppe umfalt und die anschilefende
Glegpolimerisation der Mischung. 10. Verfabren zur Herstellung einer Linse
nach Anspruch 9, wormn das Verhaltnis derallcyclischen Isocyanat-
verbindung zur aktiven Wasserstoffverbindung so ausgewahit ist, daB das
molare Verhiltnis der funktio- nellen Gruppen, die durch NCO/(SH+OH)
reprasentlert werden, Im Bereich von 0,5 bis 3,0 llegt. 30 Rovendicatlons
1.  Resine pourlentilles en polyurethane, qui estobtenue parreactiond'un
isocyanate alicycliquerepresentb 3 par la formule (I): 



OCNCH2( }              H2NCQ             tI) 40-    -
Ii-.j . avec au moins un compose A hydrogene actif choisi parmi les
polyols, les polythiols a l'exception du 1,2-
bis[(2-mercapto6thyl)thio3-3-mercaptopropane, et les thiols ayant un groups
hydroxyle. 2.  Resine pour lentilles en polyur6thane, qul est obtenue par
r6action d'un isocyanate alicyclique repr6sent6 45      par la formule
(Il): OCN4CH 50t               -fjCH   I<)2cH2NCO                 ( II)
avec au moins un compose A hydrogene actif choisi parmi les polythiols, A
l'exception du 1,2-bis[(2-mer- ,capto6thyl)thio]-3-mercaptopropane, et les
thiols ayant un groups hydroxyle. 55   3.  R6sine pour lentilles en
polyur6thane selon la revendlication I ou 2, dans laquelle le rapport de
'lisocya- nate alicyclique au oompos6 A hydrogene actif set tel que le
rapport molaire des groupes fonctionnels repr6esent6 par NCO/(SH + OH) est
compris entre 0,5 et 3,0. 13    * I.'~ ~ ~ ~ ~~~~~~~E 04283   1 4.
:LentIlls comprenant une r6sine ur6thane, qul eat obtenue par r6action d'un
Isocyanate alicyclique repr6- sent6 par la formule (I): OCN'CH2
(I)NC st/au d'un Isocyanate alicyclique rspr6sent6 par la formula (IQ): 10
OCNCH2-K13  .H2NCO                         r 18 Avec au moIns un compaa6 A
hydrodana actif choisi parmliles polyals, les polythiols A 1'exceptlon du
1,2- bis[(2-marcaptoothyl)thio]-3-mercaptopropane, et lea thiola ayant un
groupe hydroxyle. 5. Lentille' aslon la revendication 4, dans laquelle Is
rapport do Fi'socyanate allcyclique au compos6 A hydra- *   \~~,  20  S6ne
ictif eat tel qua le rapport molaire des groupes fbontionnels repr6senti
par NCO/(SH 1'OH) eat compris entre 0,5 et 3,0. 6. ProcMd6 de preparation
d'une r6aine pour lentiliesaen polyur6thane, qul comprend les 6tapes qelon,
les- queuies an m~lange un isocyanate alicycliqus rsprdssnt6 partla formula
(I): 25 OCNC:112,CO                          I) 30 avec au mains un compos6
Ai hydrogbne actif chosis parml lea polyols, las polythials A 1'exceptio~n
du .1,2- :bis[(2-mercapto6thyl)thlo]-3-mercaptopropane, at les thiols ayant
un groups hydroxyle, puls on chauffs etaon cult Is m~langa. m. mm   7.
:Proo6d6 de preparation d'une roains pour lentillea, an polyur6thane, qul
comprend lea 6tapss Weon. lea- quellas on m~lange un isocyanate alicyclique
repr6sentfi par la formula (II). OCNCH  - j~CH2NCO
(El) avac  mains un compos6 A hydrogbne actif chaisi parmi lea polythilds,
Ai l'exception du 1,2-bis[(2-mar- .captohthyl)thio]-3-marcaptopropans, at
les thiols ayant un groups hydroxyle, puis an chauffe at on cult 



le. m~lange. 8.  Procd6f do preparation d'une rosino pour lentiliss an
polyur6thans Salon Ia revendloation 6 ou 7, dens lequel le rapport do
I'isocyanate allcyclique au compos6 A hydrogbne actif eat tot qua Is
rapport molalre des groupas fonictionnals repr6asnt6 par NCO/(SH i* OH) sat
compris entre 0,5 at 3,0. 50 9. :ProcidA dopr~paratlon
d'unalentlllaquicomprend las taposasalonltasquelleson m~ange un isocyanate
allcyclhque repr~sentb par la formula (I): 55
~~~~~~~OCtJCH2           ~2! NCO        (I 14    ' '             ' EP 0 422
836B1         I 11i1111111111l       ll etlou un Isocyanate alicyclique
repr6sent6 par la formule (11): 5~~~~~~~~~~~~~~~~~~~~~~~ S
OCNCH2   HJ2NCO                                  I Ir avec au moins un
compos6 a hydrogene actif cholsi parml lea polyols, lea polythiols a
I'exception du 1,2- 10      ,bisl(2-mercapto6thyl)thlol-3-mercaptopropane,
et les thiols ayant un groupe hydroxyle, pule on polym6- * r. Is m6lange
pendant le moulage. 10. :Proc6d6 de pr6paration d'une lentille selon la
revendication 9, dans loquel le rapport de l'isocyanate all- cyclique au
compos6 a hydrogene actif oet tel que le rapport molalre des groupes
fonctionnels reprnsente 15       par NCO/(SH + OH) est compris entre 0,5 et
3,0. :~~~~~~~                                                  ~  ~
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ *  I 20       - 35..
40 45 '-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ? 50 55 15    


