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POLYTHIOL COMPOSITION,
POLYMERIZABLE COMPOSITION, RESIN,
MOLDED ARTICLE, OPTICAL MATERIAL,

AND LENS

TECHNICAL FIELD

[0001] The present disclosure relates to a polythiol com-
position, a polymerizable composition, a resin, a molded
article, an optical material, and a lens.

BACKGROUND ART

[0002] Plastic lenses are lightweight and difficult to crack
compared to inorganic lenses, and are capable of dyeing, and
are therefore rapidly becoming popular in optical elements
such as spectacle lenses and camera lenses in recent years.

[0003] Further higher performance has been required for
plastic lens resins, and high refractive index, high Abbe’s
number, low specific gravity, high heat resistance, and the
like have been required. A variety of lens resin materials
have also been developed and used.

[0004] For example, patent document 1 describes a mer-
capto compound represented by a specific structural for-
mula.

[0005] For example, patent document 2 describes a
method of producing a polythiol compound, including the
steps of: reacting 2-mercaptoethanol with an epihalohydrin
compound represented by a specific formula (1) under a
temperature of 10 to 50° C. to obtain a polyalcohol com-
pound represented by a specific formula (2); reacting the
resulting polyalcohol compound represented by formula (2)
with thiourea in the presence of hydrogen chloride to obtain
an isothiuronium salt; adding aqueous ammonia solution to
the resulting isothiuronium salt-containing reaction liquid
within 80 minutes while maintaining the reaction liquid at a
temperature of 15 to 60° C. to hydrolyze the isothiuronium
salt to obtain a polythiol compound represented by a specific
formula (5); and adding hydrochloric acid at a concentration
0f'25 to 36% to the resulting polythiol compound-containing
solution, carrying out washing at a temperature of 10 to 50°
C., and purifying the polythiol compound.

[0006] Patent Document 1: JP HO2-270859 A
[0007] Patent Document 2: W0O2014/027427A1
SUMMARY OF INVENTION
Technical Problem
[0008] A resin obtained by curing a polymerizable com-

position including a polythiol compound may be required to
have good dyeability.

[0009] A problem to be solved by an embodiment of the
present disclosure is to provide a polythiol composition
capable of producing a resin having excellent dyeability.

Solution to Problem

[0010] Means for solving the problem include the follow-
ing embodiments.

<1> A polythiol composition, comprising: a polythiol com-
pound (A); and a compound represented by the following
formula (1):
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(1)

S/e\/sjm—H
S/NSTH

[0011] wherein, in formula (1), m and n each indepen-
dently represent 0 or 1, and m+n=1.

<2> The polythiol composition according to <1>, wherein
the polythiol compound (A) comprises a polythiol com-
pound obtained from epichlorohydrin, 2-mercaptoethanol,
and thiourea as raw materials.
<3> The polythiol composition according to <1> or <2>,
wherein the polythiol compound (A) comprises 4-mercap-
tomethyl-1,8-dimercapto-3,6-dithiaoctane, or comprises a
mixture of 5,7-dimercaptomethyl-1,11-dimercapto-3,6,9-
trithiaundecane, 4,7-dimercaptomethyl-1,11-dimercapto-3,
6,9-trithiaundecane, and 4,8-dimercaptomethyl-1,11-di-
mercapto-3,6,9-trithiaundecane.
<4> The polythiol composition according to any one of <1>
to <3>, comprising: a polythiol compound (A) comprising
4-mercaptomethyl-1,8-dimercapto-3,6-dithiaoctane; and a
compound represented by the following formula (1):

(1)
S-H

S/N .
SNSTH

[0012] wherein, in formula (1), m and n each indepen-
dently represent 0 or 1, and m+n=1.

<5> The polythiol composition according to any one of <1>
to <4>, wherein, in a high-performance liquid chromatog-
raphy measurement, a peak area of the compound repre-
sented by formula (1) is 10.0 or less with respect to a total
peak area 100 of compounds included in the polythiol
composition.
<6> The polythiol composition according to any one of <1>
to <5>, wherein, in a high-performance liquid chromatog-
raphy measurement, a peak area of the compound repre-
sented by formula (1) is greater than 0 with respect to a total
peak area 100 of compounds included in the polythiol
composition.
<7> The polythiol composition according to any one of <1>
to <6>, wherein the compound represented by formula (1) is
a compound represented by the following formula (1a):

(la)
SH

SH.
S N
SH
<8> A polymerizable composition, comprising: the polythiol

composition according to any one of <1> to <7>; and a
polyiso(thio)cyanate compound.
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<9> The polymerizable composition according to <8>,
wherein the polyiso(thio)cyanate compound comprises at
least one selected from pentamethylene diisocyanate, hex-
amethylene diisocyanate, xylylene diisocyanate, isophorone
diisocyanate, bis(isocyanatomethyl) cyclohexane, bis(iso-
cyanatocyclohexyl) methane, 2,5-bis(isocyanatomethyl)
bicyclo-[2.2.1]-heptane, 2,6-bis(isocyanatomethyl) bicyclo-
[2.2.1]-heptane, tolylene diisocyanate, 4,4'-diphenylmeth-
ane diisocyanate, or phenylene diisocyanate.

<10> The polymerizable composition according to <8>,

[0013] wherein the polymerizable composition com-
prises a polyiso(thio)cyanate composition comprising
the polyiso(thio)cyanate compound,

[0014] wherein the polyiso(thio)cyanate composition
comprises: xylylene diisocyanate, and at least one
selected from the group consisting of the following
compound (N1), the following compound (N2), and the
following compound (N3):

(ND

N2)

Cl

(N3)

[0015] wherein:

[0016] in a case in which the polyiso(thio)cyanate com-
position comprises the compound (N1), a peak area of
the compound (N1) is 0.20 ppm or more with respect
to a peak area 1 of xylylene diisocyanate in a gas
chromatography measurement,

[0017] in a case in which the polyiso(thio)cyanate com-
position comprises the compound (N2), a peak area of
the compound (N2) is 0.05 ppm or more with respect
to a peak area 1 of xylylene diisocyanate in a gas
chromatography measurement, and

[0018] in a case in which the polyiso(thio)cyanate com-
position comprises the compound (N3), a peak area of
the compound (N3) is 0.10 ppm or more with respect
to a peak area 1 of xylylene diisocyanate in a gas
chromatography measurement.

<11> A resin, comprising a cured product of the polymer-
izable composition according to any one of <8> to <10>.
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<12> A molded article, comprising the resin according to
<11>.

<13> An optical material, comprising the resin according to
<11>.

<14> A lens, comprising the resin according to <11>.

Advantageous Effects of Invention

[0019] According to an embodiment of the present disclo-
sure, a polythiol composition capable of producing a resin
having excellent dyeability can be provided.

BRIEF DESCRIPTION OF DRAWINGS

[0020] FIG. 1is a graph showing the relationship between
the ratio (area %) of the peak area of the compound
represented by formula (1) with respect to the total peak area
100 of the compounds included in the polythiol composi-
tion, and the light resistance (i.e., AYI) and the dyeability
(i.e., light transmittance) in the plastic lenses of Production
Examples 1 to 4.

DESCRIPTION OF EMBODIMENTS

[0021] In the present disclosure, the numerical range indi-
cated using “to” indicates a range that includes the numeri-
cal values indicated before and after “to” as the minimum
and maximum values, respectively.

[0022] In numerical ranges described in stages in the
present disclosure, the upper limit or lower limit indicated in
a numerical range may be replaced by an upper limit or a
lower limit of other numerical ranges described in stages,
and may be replaced by the values shown in the Examples.
[0023] In the present disclosure, unless otherwise noted,
when there are plural substances corresponding to each
component in the material, the amount of each component in
the material means the total amount of the plural substances
present in the material.

[0024] In the present disclosure, “iso(thio)cyanate” means
isocyanate or isothiocyanate.

Polythiol Composition

[0025] The polythiol composition of the present disclosure
includes a polythiol compound (A) and a compound repre-
sented by the following formula (1).

(1)
S/e\/sjn—H
SH

[0026] (In formula (1), m and n each independently rep-
resent O or 1, and m+n=1.)

[0027] A resin obtained by curing a polymerizable com-
position including a polythiol compound may be required to
have good dyeability.

[0028] In practice, polymerizable compositions including
polythiol compounds often include other compounds other
than polythiol compounds, and numerous compounds may
be envisioned as the other compounds described above.
[0029] The inventors have found, as a result of examina-
tion, that the polymerizable composition can improve the
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dyeability of the resulting resin when the polymerizable
composition includes a polythiol compound (A) and a
compound represented by formula (1).

Compound Represented by Formula (1)

[0030] The polythiol composition of the present disclosure
includes a compound represented by the following formula

(D.

(1)

[0031] (In formula (1), m and n each independently rep-
resent O or 1, and m+n=1.)

[0032] The polythiol composition of the present disclosure
can improve the dyeability of the resulting resin by includ-
ing a compound represented by formula (1).

[0033] Compounds represented by formula (1) include, for
example, a compound represented by the following formula
(1a), a compound represented by the following formula (1b),
and the like.

[0034] The polythiol composition of the present disclosure
may also include plural compounds represented by formula
(1). For example, the polythiol composition of the present
disclosure may include a mixture of a compound represented
by formula (1a) and a compound represented by formula
(1b) as a compound represented by formula (1).

[0035] The compound represented by formula (1) may be
a compound represented by formula (la), a compound
represented by formula (1b), or a mixture of a compound
represented by formula (1a) and a compound represented by
formula (1b).

[0036] When the compound represented by formula (1)
includes a compound represented by formula (la) and a
compound represented by formula (1b), the content of the
compound represented by formula (1a) is preferably 80% by
mass or more, more preferably 90% by mass or more, and
still more preferably 95% by mass or more, with respect to
the total content of the compound represented by formula
(1a) and the compound represented by formula (1b).

(la)
—SH

SH
—S/\/

—SH

SH
—S/\/

—SH

(1b)

—SH

[0037] From the viewpoint of improving the dyeability of
the resulting resin, in the polythiol composition of the
present disclosure, the compound represented by formula (1)
is preferably the compound represented by formula (1a).
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[0038] Preferably, the polythiol compound (A) includes a
polythiol compound obtained from epichlorohydrin, 2-mer-
captoethanol, and thiourea as raw materials.

[0039] Examples of the polythiol compound obtained
from epichlorohydrin, 2-mercaptoethanol, and thiourea as
raw materials include, for example, a mixture of 5,7-di-
mercaptomethyl-1,11-dimercapto-3,6,9-trithiaundecane,
4,7-dimercaptomethyl-1,11-dimercapto-3,6,9-trithiaunde-
cane, and 4,8-dimercaptomethyl-1,11-dimercapto-3,6,9-
trithiaundecane, 4-mercaptomethyl-1,8-dimercapto-3,6-
dithiaoctane, and the like.

[0040] Preferably, the polythiol compound (A) includes
4-mercaptomethyl-1,8-dimercapto-3,6-dithiaoctane, or
includes a mixture of 5,7-dimercaptomethyl-1,11-di-
mercapto-3,6,9-trithiaundecane,  4,7-dimercaptomethyl-1,
11-dimercapto-3,6,9-trithiaundecane, and 4,8-dimercaptom-
ethyl-1,11-dimercapto-3,6,9-trithiaundecane.

Other Compounds

[0041] The polythiol composition of the present disclosure
may further include a compound (XB) in which at least one
of three or more mercapto groups in a polythiol compound
(XA) including three or more mercapto groups is replaced
with a group represented by the following formula (N1).

Compound (XB)

[0042] Compound (XB) is a compound in which at least
one of three or more mercapto groups in a polythiol com-
pound (XA) including three or more mercapto groups is
replaced with a group represented by the following formula

(N1).

(N1

C— N, NH,
Y Y
NYN
NH,

[0043] In formula (N1), * represents a bonding position.
[0044] Examples of compound (XB) are shown below, but
compound (XB) is not limited to the following examples.

SH
S/\/
S/\/SYNYNHZ
SH I\!YN

NH,
HS SH
S
HS S N NH.
\/\S} {S/\/ Y Y z
N /N

NH,
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[0045] When the polythiol composition of the first
embodiment described below further includes a compound
(XB), the ratio of the compound represented by formula (1)
to the compound (XB) (compound represented by formula
(1)/compound (XB)) is preferably 1 to 30, more preferably
3 to 24, and still more preferably 5 to 18, from the viewpoint
of reducing the yellow index and the devitrification of the
resulting resin, and from the viewpoint of satisfactorily
maintaining the pot life of the polymerizable composition of
the present disclosure.

[0046] When the polythiol composition of the second
embodiment described below further includes a compound
(XB), the ratio of the compound represented by formula (1)
to the compound (XB) (compound represented by formula
(1)/compound (XB)) is preferably 0.1 to 10, more preferably
0.5 to 8, and still more preferably 1 to 6, from the viewpoint
of reducing the yellow index and the devitrification of the
resulting resin, and from the viewpoint of satisfactorily
maintaining the pot life of the polymerizable composition of
the present disclosure.

[0047] Examples of the polythiol composition of the pres-
ent disclosure include the polythiol compositions of the
following first and second embodiments.

Polythiol Composition of First Embodiment

[0048] The polythiol composition of the first embodiment
includes a polythiol compound (A) including 4-mercaptom-
ethyl-1,8-dimercapto-3,6-dithiaoctane, and a compound rep-
resented by the following formula (1).

SNStH (1)
S/e\/si—H

SH

[0049] (In formula (1), m and n each independently rep-
resent O or 1, and m+n=1.)

[0050] A resin obtained by curing a polymerizable com-
position including a polythiol compound may be required to
have good dyeability.

[0051] In practice, polymerizable compositions including
polythiol compounds often include other compounds other
than polythiol compounds, and numerous compounds may
be envisioned as the other compounds described above.
[0052] The inventors have found, as a result of examina-
tion, that the polymerizable composition can improve the
dyeability of the resulting resin when the polymerizable
composition includes a polythiol compound (A) including
4-mercaptomethyl-1,8-dimercapto-3,6-dithiaoctane, and a
compound represented by formula (1).

[0053] The polythiol composition of the first embodiment
preferably has a peak area of the compound represented by
formula (1) of 10.0 or less with respect to the total peak area
100 of the compounds included in the polythiol composition
in a high-performance liquid chromatography measurement.
[0054] When the peak area of the compound represented
by formula (1) is 10.0 or less, the resulting resin has
excellent light resistance.

[0055] From the same viewpoint as above, in a high-
performance liquid chromatography measurement, the peak
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area of the compound represented by formula (1) is more
preferably 9.0 or less, still more preferably 8.0 or less,
particularly preferably 7.0 or less, and much more preferably
6.0 or less, with respect to the total peak area 100 of the
compounds included in the polythiol composition.

[0056] “The peak area of the compound represented by
formula (1) with respect to the total peak area 100 of the
compounds included in the polythiol composition” means
the relative value of the peak area of the compound repre-
sented by formula (1) when the total peak area of the
compounds included in the polythiol composition is
regarded as 100.

[0057] Inahigh-performance liquid chromatography mea-
surement, the peak area of the compound represented by
formula (1) is preferably greater than O, more preferably
0.02 or more, still more preferably 0.04 or more, particularly
preferably 1.0 or more, much more preferably 2.0 or more,
further much more preferably 3.0 or more, and particularly
much more preferably 4.0 or more, with respect to the total
peak area 100 of the compounds included in the polythiol
composition, from the viewpoint of improving dyeability.
[0058] The method for adjusting the peak area of the
compound represented by formula (1) with respect to the
total peak area 100 of the compounds included in the
polythiol composition is not particularly limited, and it can
be adjusted by procedures such as, for example, column
purification, washing, extraction, crystallization, and the
like.

Measurement of Peak Area of Compound
Represented by Formula (1)

[0059] The peak arca of the compound represented by
formula (1) with respect to the total peak area 100 of the
compounds included in the polythiol composition can be
determined by carrying out a high-performance liquid chro-
matography (HPLC) measurement based on the following
conditions.

[0060] The peak area appearing at a retention time of 8.2
to 10.0 minutes may be regarded as the peak area of the
compound represented by formula (1), and the ratio thereof
with respect to the total peak area 100 of the compounds
included in the polythiol composition may be calculated.

[0061] When the polythiol composition includes a mixture
of'a compound represented by formula (1a) and a compound
represented by formula (1b), the retention time of the
compound represented by formula (la) and the retention
time of the compound represented by formula (1b) are the
same.

HPLC Conditions

[0062] Column: YMC-Pack ODS-AA-312 (S5®6
mmx150 mm)
[0063] Mobile phase: acetonitrile/0.01 mol/L-potassium

dihydrogen phosphate aqueous solution=60/40 (vol/vol)

[0064] Column temperature: 40° C.

[0065] Flow rate: 1.0 ml/min
[0066] Detector: UV detector, wavelength 230 nm
[0067] Preparation of measurement solution: 160 mg of

the sample is dissolved and mixed with 10 ml of acetonitrile

[0068] Injection amount: 2 pl.
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Polythiol Compound (A)

[0069] The polythiol composition of the first embodiment
includes a polythiol compound (A) including 4-mercaptom-
ethyl-1,8-dimercapto-3,6-dithiaoctane.

[0070] 4-mercaptomethyl-1,8-dimercapto-3,6-dithiaoc-
tane is a compound represented by the following formula

).

@

[0071] The method for producing the polythiol compound
(A) is not particularly limited, and it can be produced by a
known method. For example, the polythiol compound (A)
can be produced by a method described in WO2014/
027427A1. Preferably, the polythiol compound (A) is a
compound obtained using a catalyst including at least one
selected from the group consisting of metal hydroxides such
as sodium hydroxide and potassium hydroxide, and metal
carbonates such as sodium carbonate and potassium carbon-
ate, for example, when reacting 2-mercaptoethanol with an
epihalohydrin compound.

[0072] The polythiol composition of the first embodiment
may include a compound other than the polythiol compound
(A) and the compound represented by formula (1).

[0073] For example, a polythiol compound having a mer-
capto group other than the polythiol compound (A) and the
compound represented by formula (1) (hereinafter also
referred to as “other polythiol compounds™) may be
included.

[0074] Examples of other polythiol compounds include,
for example, methanedithiol, 1,2-ethanedithiol,1,2,3-propa-
netrithiol, pentaerythritol tetrakis(2-mercaptoacetate), pen-
taerythritol tetrakis(3-mercaptopropionate), tetrakis(mer-
captomethylthiomethyl) methane, tetrakis(2-
mercaptoethylthiomethyl) methane, tetrakis(3-
mercaptopropylthiomethyl) methane, bis(2-mercaptoethyl)
sulfide, bis(2,3-dimercaptopropyl) sulfide, 4,8-dimercap-
tomethyl-1,11-dimercapto-3,6,9-trithiaundecane, 4,7-di-
mercaptomethyl-1,11-dimercapto-3,6,9-trithiaundecane,
5,7-dimercaptomethyl-1,11-dimercapto-3,6,9-trithiaunde-
cane, 2,5-dimercaptomethyl-1,4-dithiane, 2,5-dimercapto-1,
4-dithiane, 2,5-dimercaptomethyl-2,5-dimethyl-1,4-dithi-
ane,1,1,3,3-tetrakis(mercaptomethylthio) propane, 1,1,2,2-
tetrakis(mercaptomethylthio) ethane, 4,6-bis
(mercaptomethylthio)-1,3-dithiane, and the like.

Polythiol Composition of Second Embodiment

[0075] The polythiol composition of the second embodi-
ment includes a polythiol compound (A) including a mixture
of 5,7-dimercaptomethyl-1,11-dimercapto-3,6,9-trithiaun-
decane, 4,7-dimercaptomethyl-1,11-dimercapto-3,6,9-trithi-
aundecane, and 4,8-dimercaptomethyl-1,11-dimercapto-3,6,
9-trithiaundecane, and a compound represented by the
following formula (1).
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S/é\/s-);H (1)
S/NSTH

SH

[0076] (In formula (1), m and n each independently rep-
resent O or 1, and m+n=1.)

[0077] The polythiol composition of the second embodi-
ment can provide a polythiol composition capable of pro-
ducing a resin having excellent dyeability by including the
above-described configuration.

[0078] The polythiol composition of the second embodi-
ment preferably has a peak area of the compound repre-
sented by formula (1) of 10.0 or less with respect to the total
peak area 100 of the compounds included in the polythiol
composition in a high-performance liquid chromatography
measurement.

[0079] When the peak area of the compound represented
by formula (1) is 10.0 or less, the resulting resin has
excellent light resistance.

[0080] From the same viewpoint as above, in a high-
performance liquid chromatography measurement, the peak
area of the compound represented by formula (1) is more
preferably 9.0 or less, still more preferably 8.0 or less,
particularly preferably 7.0 or less, much more preferably 6.0
or less, with respect to the total peak area 100 of the
compounds included in the polythiol composition.

[0081] Inahigh-performance liquid chromatography mea-
surement, the peak area of the compound represented by
formula (1) is preferably greater than O, more preferably
0.02 or more, still more preferably 0.04 or more, particularly
preferably 1.0 or more, much more preferably 2.0 or more,
further much more preferably 3.0 or more, and particularly
much more preferably 4.0 or more, with respect to the total
peak area 100 of the compounds included in the polythiol
composition, from the viewpoint of improving dyeability.

[0082] The details in the second embodiment of the spe-
cific embodiment and the preferred embodiment of the
compound represented by formula (1), the definition and the
measuring method of the peak area of the compound rep-
resented by formula (1) with respect to the total peak area
100 of the compounds included in the polythiol composi-
tion, and the like are similar to the above-described details
of'the specific embodiment and the preferred embodiment of
the compound represented by formula (1), the definition and
the measuring method of the peak area of the compound
represented by formula (1) with respect to the total peak area
100 of the compounds included in the polythiol composi-
tion, and the like.

[0083] The polythiol composition of the second embodi-
ment may include a compound other than the polythiol
compound (A) and the compound represented by formula
(1.

[0084] The details in the second embodiment of the spe-
cific examples and the preferred examples of other polythiol
compounds, and the like are similar to the details in the first
embodiment of the specific examples and the preferred
examples of other polythiol compounds, and the like.
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Polymerizable Composition

[0085] The polymerizable composition of the present dis-
closure includes the polythiol composition of the present
disclosure and a polyiso(thio)cyanate compound.

Polyiso(thio)Cyanate Compound

[0086] As the polyiso(thio)cyanate compound, com-
pounds known in the art can be used without particular
limitation, as long as the effect of the present invention can
be exerted. The polyiso(thio)cyanate compound is not par-
ticularly limited as long as it is a compound having at least
two iso(thio)cyanate groups in one molecule, and specific
examples thereof include:

[0087] aliphatic polyisocyanate compounds such as
tetramethylene diisocyanate, pentamethylene diisocya-
nate, hexamethylene diisocyanate, heptamethylene dii-
socyanate, octamethylene diisocyanate, 2,2.4-trimeth-
ylhexamethylene diisocyanate, 2.4.4-
trimethylhexamethylene diisocyanate, lysine
diisocyanate methyl ester, lysine triisocyanate, and
xylylene diisocyanate;

[0088] alicyclic polyisocyanate compounds such as iso-
phorone diisocyanate, bis(isocyanatomethyl) cyclo-
hexane, bis(isocyanatocyclohexyl) methane, dicyclo-

hexyldimethylmethane diisocyanate, 2,5-bis
(isocyanatomethyl) bicyclo-[2.2.1]-heptane, 2.6-bis
(isocyanatomethyl) bicyclo-[2.2.1]-heptane, 3,8-bis
(isocyanatomethyl) tricyclodecane, 3,9-bis
(isocyanatomethyl) tricyclodecane, 4,8-bis
(isocyanatomethyl) tricyclodecane, and 4.,9-bis
(isocyanatomethyl) tricyclodecane;

[0089] aromatic polyisocyanate compounds such as

tolylene diisocyanate, 4,4'-diphenylmethane diisocya-
nate, diphenyl sulfide-4,4'-diisocyanate, and phenylene
diisocyanate;

[0090] heterocyclic polyisocyanate compounds such as
2,5-diisocyanatothiophene, 2,5-bis(isocyanatomethyl)
thiophene, 2,5-diisocyanatotetrahydrothiophene, 2,5-
bis(isocyanatomethyl) tetrahydrothiophene, 3,4-bis
(isocyanatomethyl) tetrahydrothiophene, 2,5-diisocya-
nato-1,4-dithiane, 2,5-bis(isocyanatomethyl)-1,4-
dithiane, 4,5-diisocyanato-1,3-dithiolane, and 4,5-bis
(isocyanatomethyl)-1,3-dithiolane;

[0091] aliphatic polyisothiocyanate compounds such as
hexamethylene diisothiocyanate, lysine diisothiocya-
nate methyl ester, lysine triisothiocyanate, and xylylene
isothiocyanate;

[0092] alicyclic polyisothiocyanate compounds such as
isophorone diisothiocyanate, bis(isothiocyanatom-
ethyl) cyclohexane, bis(isothiocyanatocyclohexyl)
methane, cyclohexane diisothiocyanate, methylcyclo-
hexane diisothiocyanate, 2,5-bis(isothiocyanatom-
ethyl) bicyclo [2.2.1]-heptane, 2,6-bis(isothiocya-

natomethyl) bicyclo-[2.2.1]-heptane, 3,8-bis
(isothiocyanatomethyl) tricyclodecane, 3,9-bis
(isothiocyanatomethyl) tricyclodecane, 4,8-bis

(isothiocyanatomethyl) tricyclodecane, and 4.,9-bis
(isothiocyanatomethyl) tricyclodecane;

[0093] aromatic polyisothiocyanate compounds such as
tolylene isothiocyanate, 4.4'-diphenylmethane diisoth-
iocyanate, and diphenyl disulfide-4,4'-diisothiocyanate;
and
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[0094] sulfur-containing heterocyclic polyisothiocya-
nate compounds such as 2,5-diisothiocyanatothi-
ophene, 2,5-bis(isothiocyanatomethyl) thiophene, 2,5-
isothiocyanatotetrahydrothiophene, 2,5-bis
(isothiocyanatomethyl) tetrahydrothiophene, 3.4-bis
(isothiocyanatomethyl)  tetrahydrothiophene,  2,5-

diisothiocyanato-1,4-dithiane, 2,5-bis
(isothiocyanatomethyl)-1,4-dithiane, 4,5-
diisothiocyanato-1,3-dithiolane, and 4,5-bis
(isothiocyanatomethyl)-1,3-dithiolane. The polyiso

(thio)cyanate compound may include at least one
selected from these.

[0095] Further, as the polyiso(thio)cyanate compound, a
halogen-substituted product such as a chlorine-substituted
product or a bromine-substituted product, an alkyl-substi-
tuted product, an alkoxy-substituted product, a nitro-substi-
tuted product, a prepolymer-type modified product with a
polyhydric alcohol, a carbodiimide-modified product, a
urea-modified product, a burette-modified product, a
dimerization or trimerization reaction product, or the like
may also be used.

[0096] The polyiso(thio)cyanate compound is preferably a
polyisocyanate compound, and preferably includes at least
one selected from pentamethylene diisocyanate, hexameth-
ylene diisocyanate, xylylene diisocyanate, isophorone dii-
socyanate, bis(isocyanatomethyl) cyclohexane, bis(isocya-
natocyclohexyl)  methane,  2,5-bis(isocyanatomethyl)
bicyclo-[2.2.1]-heptane, 2,6-bis(isocyanatomethyl) bicyclo-
[2.2.1]-heptane, tolylene diisocyanate, 4,4'-diphenylmeth-
ane diisocyanate, or phenylene diisocyanate.

[0097] The mixing ratio of the polythiol composition to
the polyiso(thio)cyanate compound is not particularly lim-
ited and, for example, the molar ratio of the mercapto group
of the polythiol compound included in the polythiol com-
position to the iso(thio)cyanate group of the polyiso(thio)
cyanate compound (mercapto group/iso(thio)cyanate group)
is preferably from 0.5 to 3.0, more preferably from 0.6 to
2.0, and still more preferably from 0.8 to 1.3. When the
mixing ratio is within the above range, various performances
such as refractive index and heat resistance required for
plastic lenses and the like tend to be satisfied in a well-
balanced manner.

[0098] The polymerizable composition of the disclosure
may include a polyiso(thio)cyanate composition including
the polyiso(thio)cyanate compound.

[0099] Herein, a polyiso(thio)cyanate composition means
a composition including at least one polyiso(thio)cyanate
compound.

[0100] The polyiso(thio)cyanate composition may
include, as an impurity, a component other than a polyiso
(thio)cyanate compound.

[0101] The polyiso(thio)cyanate composition preferably
include, as a main component, at least one polyiso(thio)
cyanate compound.

[0102] The polyiso(thio)cyanate composition preferably
includes xylylene diisocyanate.

[0103] Hereinafter, a polyiso(thio)cyanate composition
including xylylene diisocyanate is also referred to as an XDI
composition.

[0104] The XDI composition preferably includes xylylene
diisocyanate as a main component.
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[0105] The XDI composition preferably includes at least
one selected from the group consisting of the following
compound (N1), the following compound (N2), and the
following compound (N3).

(nl)

N2)

Cl

(N3)

[0106] Hereinafter, preferable aspects of the XDI compo-
sition are shown from the viewpoints of stability of the
polyiso(thio)cyanate composition and more excellent trans-
parency of a resin formed using the polyiso(thio)cyanate
composition.

[0107] In a case in which the XDI composition includes
the compound (N1), a peak area of the compound (N1) is
preferably 0.20 ppm or more with respect to a peak area 1
of xylylene diisocyanate in a gas chromatography measure-
ment under the following GC condition 1.

GC Condition 1

[0108] Packing material; DB-1 (film thickness) 1.5 pm
Column; internal diameter 0.53 mmxlength 60 m (manu-
factured by Agilent Technologies, Inc.)

Oven temperature; increased at 3° C./min from 130° C. to
220° C., and increased at 10° C./min to 300° C. after
reaching 220° C.

Split ratio; pulsed splitless method

Inlet temperature; 280° C.

Detector temperature; 300° C.

Carrier gas; N, 158 kPa, H, 55 kPa, Air 45 kPa (constant
pressure control)

Solvent; chloroform

Sample concentration: 2.0 mass % chloroform solution
Injection amount; 2 pl.

Detection method; FID

[0109] The peak area of the compound (N1) is more
preferably 5.0 ppm or more, still more preferably 50 ppm or
more, and still more preferably 100 ppm or more with
respect to the peak area 1 of xylylene diisocyanate.
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[0110] The peak area of the compound (N1) is preferably
4000 ppm or less, more preferably 3000 ppm or less, still
more preferably 2000 ppm or less, still more preferably 1500
ppm or less, and still more preferably 1000 ppm or less with
respect to the peak area 1 of xylylene diisocyanate.

[0111] The peak area of the compound (N1) can be mea-
sured in accordance with the method described in paragraph
[0377] of Japanese patent No. 6373536.

[0112] In a case in which the XDI composition includes
the compound (N2), a peak area of the compound (N2) is
preferably 0.05 ppm or more with respect to a peak area 1
of xylylene diisocyanate in a gas chromatography measure-
ment under the following GC condition 2.

GC Condition 2

[0113] Column; HP-50+, internal diameter 0.25
mmxlength 30 mxfilm thickness 0.25 um (manufactured by
Hewlett-Packard Company)

Oven temperature; increased at 10° C./min from 50° C. to
280° C., and held for 6 min after reaching 280° C.

Split ratio; pulsed splitless method

Inlet temperature; 200° C.

Detector temperature; 280° C.

Carrier gas; He

Carrier gas flow rate; 1.0 ml/min (constant flow rate control)
Sample concentration: 1.0 mass % dichloromethane solution
Injection amount; 1.0 pl,

Detection method; SIM (monitoring ion: m/z 180, 215)
(Xylylene diisocyanate (XDI) content ratio)

[0114] The peak area of the compound (N2) is more
preferably 0.1 ppm or more, still more preferably 0.3 ppm or
more, and still more preferably 0.6 ppm or more with respect
to the peak area 1 of xylylene diisocyanate.

[0115] The peak area of the compound (N2) is preferably
200 ppm or less, more preferably 150 ppm or less, still more
preferably 100 ppm or less, still more preferably 80 ppm or
less, still more preferably 70 ppm or less, and still more
preferably 60 ppm or less with respect to the peak area 1 of
xylylene diisocyanate.

[0116] The peak areca of the compound (N2) can be
measured in accordance with the method described in para-
graphs [0375] and [0376] of Japanese patent No. 6373536.
[0117] In a case in which the XDI composition includes
the compound (N3), a peak area of the compound (N3) is
preferably 0.10 ppm or more with respect to a peak area 1
of xylylene diisocyanate in a gas chromatography measure-
ment under the above GC condition 1.

[0118] The peak area of the compound (N3) is more
preferably 0.1 ppm or more, still more preferably 3.0 ppm or
more, and still more preferably 5.0 ppm or more with respect
to the peak area 1 of xylylene diisocyanate.

[0119] The peak area of the compound (N3) is preferably
1000 ppm or less, more preferably 500 ppm or less, still
more preferably 300 ppm or less, still more preferably 100
ppm or less, and still more preferably 75 ppm or less with
respect to the peak area 1 of xylylene diisocyanate.

[0120] The peak area of the compound (N3) can be
measured in accordance with the method described in para-
graph [0377] of Japanese patent No. 6373536.

[0121] The acid content in the XDI composition is pref-
erably 3000 ppm or less, more preferably 2000 ppm or less,
still more preferably 1000 ppm or less, still more preferably
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100 ppm or less, still more preferably 50 ppm or less, still
more preferably 30 ppm or less, and still more preferably
less than 15 ppm.

[0122] The lower limit value of the acid content in the XDI
composition is not particularly limited, and the lower limit
value is, for example, 1 ppm.

[0123] The acid content in the XDI composition can be
measured in accordance with the method described in para-
graph of WO 2021/256417.

[0124] Further, the XDI composition may include a sta-
bilizing agent.
[0125] The polymerizable composition of the present dis-

closure may include other components other than polythiol
compounds and polyiso(thio)cyanate compounds for the
purpose of improving physical properties of the resin, oper-
ability, polymerization reactivity of the polymerizable com-
position, and the like.

[0126] Examples of other components include polymer-
ization catalysts, internal mold release agents, resin modi-
fiers, chain extenders, crosslinking agents, radical scaven-
gers, light stabilizers, ultraviolet absorbers, antioxidants, oil
soluble dyes, fillers, adhesion enhancing agents, antimicro-
bial agents, antistatic agents, dyes, fluorescent brighteners,
fluorescent pigments, blue ink agents such as inorganic
pigments, and the like.

[0127] Examples of the polymerization catalysts include
tertiary amine compounds, inorganic acid salts or organic
acid salts thereof, metal compounds, quaternary ammonium
salts, organic sulfonic acids, and the like.

[0128] As the internal mold release agent, an acidic phos-
phate ester can be used. The acidic phosphate ester can be a
phosphoric monoester or a phosphoric diester, and can be
used alone or in combination with two or more types.
[0129] Examples of the resin modifiers include, for
example, episulfide compounds, alcohol compounds, amine
compounds, epoxy compounds, organic acids and anhy-
drides thereof, olefin compounds including (meth) acrylate
compounds, and the like.

[0130] The polymerizable composition of the present dis-
closure can be obtained by mixing the above components.
[0131] In the polymerizable composition of the present
disclosure, the glass transition temperature Tg when cured
into a molded article is preferably 80° C. or higher, more
preferably 85° C. or higher, from the viewpoint of heat
resistance. The glass transition temperature Tg may be 105°
C. or less and may be 100° C. or less.

Molded Article

[0132] The molded article of the present disclosure
includes the resin of the present disclosure.

[0133] The resin of the present disclosure includes a cured
product of the polymerizable composition of the present
disclosure.

[0134] The method for producing the molded article of the
present disclosure is not particularly limited, and a preferred
production method may be a cast polymerization. At first, a
polymerizable composition is injected between molds held
by gaskets or tapes. At this time, it is often preferable to
carry out a defoaming treatment under reduced pressure, a
filtration treatment such as pressure filtration or suction
filtration, or the like, if necessary, depending on the physical
properties required for the resulting plastic lens.

[0135] The polymerization conditions are not limited
because the conditions significantly vary depending on the
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composition of the polymerizable composition, the type and
the amount of the catalyst to be used, the shape of the mold,
and the like, and, for example, the polymerization is carried
out at a temperature of —=50° C. to 150° C. for 1 hour to 50
hours. In some cases, holding at a temperature range of 10°
C. 10 150° C. or gradual increase in temperature to carry out
curing for 1 to 48 hours is preferred.

[0136] A treatment of annealing or the like may be carried
out on the molded article if necessary. The treatment of
annealing or the like is carried out usually between 50° C.
and 150° C., preferably at 90° C. to 140° C., and more
preferably at 100° C. to 130° C.

Applications

[0137] The resin obtained from the polymerizable com-
position of the present disclosure can be used as a material
for producing molded articles of various shapes by changing
the type of the mold during cast polymerization.

Optical Material

[0138] The optical material of the present disclosure
includes the resin of the present disclosure.

[0139] The molded article obtained from the polymeriz-
able composition of the present disclosure is excellent in
dyeability and light resistance.

[0140] Therefore, it can be used for various optical mate-
rials such as plastic lenses.

Lens

[0141] The lens of the present disclosure includes the resin
of the present disclosure.

[0142] The lens is particularly preferred as the optical
material.
[0143] Examples of the lens include, for example, plastic

spectacle lenses, plastic polarizing lenses, and the like.

Plastic Spectacle Lens

[0144] The plastic spectacle lens using a lens substrate
including the molded article of the present disclosure may
optionally be provided with a coating layer on one or both
sides.

[0145] The plastic spectacle lens of the present disclosure
includes a lens substrate including a cured product of the
polymerizable composition described above, and a coating
layer.

[0146] Specific examples of the coating layer include a
primer layer, a hard coat layer, an anti-reflective layer, an
anti-fogging coating layer, an anti-contamination layer, a
water repellent layer, and the like. Each of these coating
layers can be used alone or in multiple layers. When both
sides are provided with coating layers, the respective sides
may be provided with similar coating layers, or the respec-
tive sides may be provided with different coating layers.
[0147] In each of these coating layers, known additives
may further be included such as an infrared absorber for the
purpose of protecting the eye from infrared light, a photo-
stabilizer, an antioxidant, and the like, for the purpose of
enhancing the weather resistance of the lens, a photochromic
compound, a dye, a pigment, and the like, for the purpose of
enhancing the fashionability of the lens, and an antistatic
agent and the like for the purpose of enhancing the perfor-
mance of the lens.
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[0148] Various leveling agents for the purpose of improv-
ing the application properties may be used for the layer to be
coated by application.

[0149] Further, an anti-fogging layer, an anti-contamina-
tion layer, and a water-repellent layer may be formed on the
anti-reflection layer as needed.

[0150] Although embodiments of the present invention
have been described above, these are examples of the
present invention, and various configurations other than the
above embodiments may be employed without impairing the
effect of the invention.

EXAMPLES

[0151] Hereinafter, the present disclosure is described in
detail with reference to Examples. It should be noted that the
present disclosure is not limited in any way to the descrip-
tion of these Examples. It should be noted that, unless
otherwise noted, the “part” is based on the mass.

[0152] The polythiol composition of the first embodiment
is described in detail below with reference to Examples. The
polythiol composition of the first embodiment is not limited
in any way to the description of these Examples.

Evaluation Methods

[0153] In the present Examples, the method for evaluating
each physical property of the plastic lens is as follows. The
results are as shown in Table 1.

Light Resistance

[0154] QUYV testing (light source: UVA-340, intensity:
0.50 W/m?, test conditions: 50° C.x150 hours) was carried
out in an accelerated weathering tester manufactured by
Q-Lab Corporation using a 2 mm thick resin flat plate, the
yellow index (Y1) before and after irradiation was measured,
and the amount of change in yellow index (AYI) was
calculated.

Yellow Index (also Referred to as Y1)

[0155] The resin was formed into a 2 mm thick flat plate,
and the YT value was determined using a spectrocolorimeter
CM-5 manufactured by Konica Minolta, Inc.

[0156] It should be noted that the smaller the Y1 value, the
better the hue of the plastic lens and that the larger the YI
value, the poorer the hue.

[0157] Therefore, the smaller the AYT, the better the light
resistance.

Dyeability (Light Transmittance)
[0158] 1.5 g of “FSP Red E-A” (a dye manufactured by

Futaba Sangyo Co., Ltd.), 1.0 g of “FSP Yellow P-E” (a dye
manufactured by Futaba Sangyo Co., [.td.), 4.0 g of “FSP
Blue AUL-S” (a dye manufactured by Futaba Sangyo Co.,
Ltd.), 4.0 g of “NICCA SUNSOLT #7000” (a dyeing dis-
persant manufactured by Nicca Chemical Co., Ltd.), and 4.0
g of “DK-CN” (a dyeing auxiliary manufactured by Daiwa
Chemical Industries Co., Ltd.) were added to 1985.5 g of
pure water to prepare a dye dispersion. A 9 mm thick resin
was immersed in the dye dispersion at 80° C. for 20 minutes
and dyed. The light transmittance (%) of the dyed resin at
350 to 800 nm was measured.

[0159] The light transmittance (%) at 567 nm is shown in
Table 1.
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[0160] It should be noted that the more dyed the resin, the
more the light absorbed by the dye. Therefore, the lower the
light transmittance, the better the dyeability.

Synthesis of Polythiol Compound (A)

[0161] 124.6 parts by mass of 2-mercaptoethanol and 18.3
parts by mass of degassed water were charged into a reactor.
At 12° C. to 35° C., 101.5 parts by mass of 32% by mass
aqueous sodium hydroxide solution was added dropwise
over 40 minutes, and then 73.6 parts by mass of epichloro-
hydrin were added dropwise at 29 to 36° C. over 4.5 hours,
followed by 40 minutes stirring. The production of 1,3-bis
(2-hydroxyethylthio)-2-propanol was confirmed from NMR
data.

[0162] 331.5 parts by mass of 35.5% hydrochloric acid
were charged and then 183.8 parts by mass of 99.90% purity
thiourea were charged and stirring was carried out at 110° C.
at reflux for 3 hours to carry out a thiuronium salt-forming
reaction. After cooling to 45° C., 320.5 parts by mass of
toluene were added and cooling to 31° C. was carried out,
243.1 parts by mass of 25% aqueous ammonia solution were
charged at 31 to 41° C. for 44 minutes, and a hydrolysis
reaction was carried out by stirring at 54 to 62° C. for 3
hours to obtain a toluene solution of polythiol containing, as
a main component, 4-mercaptomethyl-1,8-dimercapto-3,6-
dithiaoctane. To this toluene solution, 162.8 parts by mass of
35.5% hydrochloric acid were added, and acid washing was
carried out at 35 to 43° C. for 1 hour. 174.1 parts by mass
of degassed water was added, and washing at 35 to 45° C.
for 30 minutes was carried out twice. 162.1 parts by mass of
0.1% aqueous ammonia solution were added, and washing
was carried out for 30 minutes. 174.2 parts by mass of
degassed water was added, and washing at 35 to 45° C. for
30 minutes was carried out twice. After removal of toluene
and trace amounts of water under reduced pressure with
heating, suction filtration was carried out with a 1.2 pm
PTFE type membrane filter to obtain 205.0 parts by mass of
polythiol composition (A) containing, as a main component,
4-mercaptomethyl-1,8-dimercapto-3,6-dithiaoctane as poly-
thiol compound (A).

Synthesis of Compound Represented by Formula
M

[0163] In a reactor, 89.4 parts by mass of 2-mercaptoetha-
nol and 44.8 parts by mass of degassed water were charged.
After 0.39 parts by mass of 47% by mass aqueous sodium
hydroxide solution were charged at 10° C., 84.5 parts by
mass of 2,3-epoxy-1-propanol was added dropwise at 10 to
15° C. over 4.5 hours, and stirring was continued at 10° C.
for 3 hours.

[0164] 474.9 parts by mass of 35.0% hydrochloric acid
were charged and then 267.17 parts by mass of 99.90%
purity thiourea were charged and stirring was carried out at
110° C. at reflux for 3 hours to carry out a thiuronium
salt-forming reaction. After cooling to 45° C., 506.7 parts by
mass of toluene were added, cooling to 31° C. was carried
out, 349.5 parts by mass of 25% aqueous ammonia solution
were charged at 31 to 41° C. for 44 minutes, and a hydrolysis
reaction was carried out by stirring at 54 to 62° C. for 3
hours to obtain a toluene solution of polythiol containing a
compound represented by formula (1) as a main component.
To this toluene solution was added 200.0 parts by mass of
35.0% hydrochloric acid, and acid washing was carried out
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at 35 to 43° C. for 2 hours. 200.0 parts by mass of degassed
water was added, and washing was carried out at 35 to 45°
C. for 15 minutes. 200.0 parts by mass of 0.1% aqueous
ammonia solution were added, and washing was carried out
for 15 minutes. 200.0 parts by mass of degassed water was
added, and washing at 35 to 45° C. for 15 minutes was
carried out twice. After removal of toluene and trace
amounts of water under reduced pressure with heating,
suction filtration was carried out with a 1.2 pm PTFE type
membrane filter to obtain 210.4 parts by mass of a polythiol
composition containing, as a main component, a compound
represented by formula (1).

[0165] Subsequently, 200.0 parts by mass of toluene were
added to 30.0 parts by mass of the resulting polythiol
composition, then 19.6 parts by mass of 30.6% by mass
aqueous sodium hydroxide solution was added and stirring
was carried out at 20 to 25° C. for 15 minutes. Subsequently,
80 parts by mass of degassed water was added and stirring
was carried out at 20° C. to 25° C. for 15 minutes to extract
soluble components, and 50 parts by mass of toluene were
added to the resulting water extract liquid, and washing was
carried out at 20° C. to 25° C. for 5 minutes. 20.3 parts by
mass of 35.0% hydrochloric acid and 100.0 parts by mass of
toluene were added to the obtained water extract liquid,
washing was carried out at 35 to 45° C. for 15 minutes, and
a toluene extract liquid was obtained. To this toluene extract
liquid was added 80.0 parts by mass of degassed water, and
washing was carried out at 35° C. to 45° C. for 15 minutes.
80.0 parts by mass of 0.1% aqueous ammonia solution were
then added, and washing was carried out at 35 to 45° C. for
15 minutes. Then 80.0 parts by mass of degassed water were
added, and washing at 35 to 45° C. for 15 minutes was
carried out twice.

[0166] After removal of toluene and trace amounts of
water under reduced pressure with heating, suction filtration
was carried out with a 1.2 pm PTFE type membrane filter to
obtain a compound represented by formula (1) at 80.0 area
% purity.

[0167] The compound represented by formula (1)
obtained above contained a compound represented by for-
mula (1a).

Examples 1 to 4

[0168] A polythiol composition was obtained by mixing
the polythiol composition (A) and the compound repre-
sented by formula (1) obtained as described above.

[0169] At that time, the mixing ratio was changed so that
the peak area of the compound represented by formula (1)
with respect to the total peak area 100 of the compounds
included in the polythiol composition was the value indi-
cated in Table 1, and the respective components were mixed.

Measurement of Ratio (Area %) of Compound
Represented by Formula (1)

[0170] The ratio (area %) of the compound represented by
formula (1) by HPLC was measured by the method
described in the above <Measurement of peak area of
compound represented by formula (1)>.

[0171] The results are shown in Table 1.
Production of Plastic Lens
Production Example 1
[0172] 52 parts by mass of m-xylylene diisocyanate, 0.01

parts by mass of dibutyl tin dichloride as a curing catalyst,
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0.10 parts by mass of ZELEC UN (a product manufactured
by Stepan Company, acidic phosphoric acid ester), and 1.5
parts by mass of VIOSORB 583 (manufactured by Kyodo
Chemical Co., Ltd., ultraviolet absorber) were mixed and
dissolved at 20° C. 48 parts by mass of the polythiol
composition of Example 1 was charged and mixed into a
mixed homogeneous liquid. The homogeneous liquid was
defoamed at 600 Pa for 1 hour and then filtered through a 1
um Teflon (R) filter and then injected into a mold consisting
of a glass mold and a tape. The mold was charged into an
oven, gradually heated to 10° C. to 120° C. and polymerized
for 38 hours. After terminating the polymerization, the mold
was taken out from the oven and demolded to yield a resin.
The resulting resin was further annealed at 120° C. for 1
hour to produce a plastic lens. Based on the evaluation
method of each physical property of the plastic lens
described above, each physical property was determined.

Production Example 2

[0173] In Production Example 1, a plastic lens was pro-
duced in a manner similar to that described in Production
Example 1 except that 48 parts by mass of the polythiol
composition of Example 1 was changed to 48 parts by mass
of the polythiol composition of Example 2. Based on the
evaluation method of each physical property of the plastic
lens described above, each physical property was deter-
mined.

Production Example 3

[0174] In Production Example 1, a plastic lens was pro-
duced in a manner similar to that described in Production
Example 1 except that 48 parts by mass of the polythiol
composition of Example 1 was changed to 48 parts by mass
of the polythiol composition of Example 3. Based on the
evaluation method of each physical property of the plastic
lens described above, each physical property was deter-
mined.

Production Example 4

[0175] In Production Example 1, a plastic lens was pro-
duced in a manner similar to that described in Production
Example 1 except that 48 parts by mass of the polythiol
composition of Example 1 were changed to 48 parts by mass
of the polythiol composition of Example 4. Based on the
evaluation method of each physical property of the plastic
lens described above, each physical property was deter-
mined.

[0176] The physical properties of the plastic lenses of
Production Example 1 to Production Example 4 (i.e.,
Examples 1 to 4) are shown in Table 1.

[0177] FIG. 1 shows a graph showing the relationship
between the ratio (area %) of the peak area of the compound
represented by formula (1) with respect to the total peak area
100 of the compounds included in the polythiol composi-
tion, and the light resistance (i.e., AYI) and the dyeability
(i.e., light transmittance) in the plastic lenses of Production
Examples 1 to 4.
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TABLE 1
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Example 1 Example 2 Example 3 Example 4

Polythiol
composition

Ratio (area %) of peak area 2.6 39 59
of compound represented
by formula (1) with respect
to total peak area 100 of
compounds included in
polythiol composition
Light YIatOh 2.19 2.17 2.19
resistance YT at 150 h 3.68 3.65 3.66
AYI 1.49 1.48 1.47
Dyeability Light 39.86 39.91 39.18
Transmittance
(%) at
wavelength
of 567 nm

Plastic lens

10.5

2.19
3.93
1.74
34.45

[0178] As shown in Table 1, the Examples using a poly-
thiol composition including a polythiol compound (A)
including 4-mercaptomethyl-1,8-dimercapto-3,6-dithiaoc-
tane and a compound represented by formula (1) had excel-
lent dyeability.

[0179] The Examples were also excellent in light resis-
tance.
[0180] In particular, Examples 1 to 3, in which the peak

area of the compound represented by formula (1) was 10.0
or less with respect to the total peak area 100 of the
compounds included in the polythiol composition, were
excellent in light resistance as shown in Table 1 and FIG. 1.
[0181] The polythiol composition of the second embodi-
ment is described in detail below with reference to
Examples. The polythiol composition of the second embodi-
ment is not limited in any way to the description of these
Examples. It should be noted that, unless otherwise noted,
the “part” is based on the mass.

Evaluation Methods

[0182] In the present embodiment, the method for evalu-
ating each physical property of the plastic flat plate is as
follows. The results are as shown in Table 1.

Dyeability (Light Transmittance)

[0183] 1.5 g of “FSP Red E-A” (a dye manufactured by
Futaba Sangyo Co., Ltd.), 1.0 g of “FSP Yellow P-E” (a dye
manufactured by Futaba Sangyo Co., [.td.), 4.0 g of “FSP
Blue AUL-S” (a dye manufactured by Futaba Sangyo Co.,
Ltd.), 4.0 g of “NICCA SUNSOLT #7000” (a dyeing dis-
persant manufactured by Nicca Chemical Co., Ltd.), and 4.0
g of “DK-CN” (a dyeing auxiliary manufactured by Daiwa
Chemical Industries Co., Ltd.) were added to 1985.5 g of
pure water to prepare a dye dispersion. A 9 mm thick resin
was immersed in the dye dispersion at 90° C. for 30 minutes
and dyed. The light transmittance (%) of the dyed resin at
350 to 800 nm was measured.

[0184] The light transmittance (%) at 567 nm is shown in
Table 2.
[0185] It should be noted that the more dyed the resin, the

more the light absorbed by the dye. Therefore, the lower the
light transmittance, the better the dyeability.

Synthesis of Polythiol Compound (A)

[0186] In a reactor, 51.2 parts by mass of 2-mercaptoetha-
nol, 26.5 parts by mass of degassed water, and 0.16 parts by
mass of 49% by mass aqueous sodium hydroxide solution
were charged.

[0187] 61.99 parts by mass of epichlorohydrin was added
dropwise at 9 to 11° C. for 6.5 hours, followed by stirring for
60 minutes. The production of 1-chloro-3-(2-hydroxyethyl-
thio)-2-propanol was confirmed from NMR data.

[0188] Then 150.0 parts by mass of 17.3% by mass
aqueous sodium sulfide solution was added dropwise at 7 to
37° C. over 5.5 hours and stirring was carried out for 120
minutes. The production of 1,5,9,13-tetrahydroxy-3,7,11-
trithiatridecane was confirmed from NMR data.

[0189] Then 279.0 parts by mass of 35.5% by mass
hydrochloric acid were charged and then 125.8 parts by
mass of 99.90% purity thiourea were charged and stirring
was carried out at 110° C. at reflux for 3 hours to carry out
a thiuronium salt-forming reaction. After cooling to 45° C.,
214.0 parts by mass of toluene were added and cooling to
26° C. was carried out, and 206.2 parts by mass of 25% by
mass aqueous ammonia solution were charged at 26 to 50°
C. for 30 minutes. A hydrolysis reaction was then carried out
by stirring at 50° C. to 65° C. for 1 hour to give a toluene
solution of polythiol containing, as main components, 4,8-
dimercaptomethyl-1,11-dimercapto-3,6,9-trithiaundecane,
4,7-dimercaptomethyl-1,11-dimercapto-3,6,9-trithiaunde-
cane, and 5,7-dimercaptomethyl-1,11-dimercapto-3,6,9-
trithiaundecane. 59.4 parts by mass of 36% by mass hydro-
chloric acid were added to the toluene solution, and acid
washing at 34° C. to 39° C. for 30 minutes was carried out
twice. Further, 118.7 parts by mass of degassed water was
added, and washing at 35 to 45° C. for 30 minutes was
carried out 5 times. After removal of toluene and a trace
amount of water under reduced pressure with heating, suc-
tion filtration was carried out with a 1.2 um PTFE type
membrane filter to obtain 115.9 parts by mass of a polythiol
composition (A) containing, as main components, 4,8-di-
mercaptomethyl-1,11-dimercapto-3,6,9-trithiaundecane,
4,7-dimercaptomethyl-1,11-dimercapto-3,6,9-trithiaunde-
cane, and 5,7-dimercaptomethyl-1,11-dimercapto-3,6,9-
trithiaundecane.

Synthesis of Compound Represented by Formula
M

[0190] In a reactor, 89.4 parts by mass of 2-mercaptoetha-
nol and 44.8 parts by mass of degassed water were charged.
After 0.39 parts by mass of 47% by mass aqueous sodium
hydroxide solution were charged at 10° C., 84.5 parts by
mass of 2,3-epoxy-1-propanol was added dropwise at 10 to
15° C. over 4.5 hours, and stirring was continued at 10° C.
for 3 hours.
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[0191] 474.9 parts by mass of 35.0% by mass hydrochloric
acid were charged, then 267.17 parts by mass of 99.90%
purity thiourea were charged and stirring was carried out at
110° C. at reflux for 3 hours to carry out a thiuronium
salt-forming reaction. After cooling to 45° C., 506.7 parts by
mass of toluene were added and cooling to 31° C. was
carried out and 349.5 parts by mass of 25% aqueous
ammonia solution were charged at 31 to 41° C. for 44
minutes. Then, a hydrolysis reaction is carried out by stirring
at 54 to 62° C. for 3 hours to obtain a toluene solution of a
polythiol containing, as a main component, a compound
represented by formula (1). To this toluene solution, 200.0
parts by mass of 35.0% by mass hydrochloric acid were
added, and acid washing was carried out at 35 to 43° C. for
2 hours.

[0192] 200.0 parts by mass of degassed water was added,
and washing was carried out at 35 to 45° C. for 15 minutes.
200.0 parts by mass of 0.1% by mass aqueous ammonia
solution were added, and washing was carried out for 15
minutes. 200.0 parts by mass of degassed water was added,
and washing at 35 to 45° C. for 15 minutes was carried out
twice. After removal of toluene and trace amounts of water
under reduced pressure with heating, suction filtration was
carried out with a 1.2 um PTFE type membrane filter to
obtain 210.4 parts by mass of a polythiol composition
containing, as a main component, a compound represented
by formula (1).

[0193] Subsequently, 200.0 parts by mass of toluene were
added to 30.0 parts by mass of the resulting polythiol
composition, then 19.6 parts by mass of 30.6% by mass
aqueous sodium hydroxide solution was added and stirring
was carried out at 20 to 25° C. for 15 minutes. Subsequently,
80 parts by mass of degassed water was added and stirring
was carried out at 20° C. to 25° C. for 15 minutes to extract
soluble components, and 50 parts by mass of toluene were
added to the resulting water extract liquid and washing was
carried out at 20° C. to 25° C. for 5 minutes. 20.3 parts by
mass 0f'35.0% by mass hydrochloric acid and 100.0 parts by
mass of toluene were added to the obtained water extract
liquid, washing was carried out at 35 to 45° C. for 15
minutes, and a toluene extract liquid was obtained. To this
toluene extract liquid was added 80.0 parts by mass of
degassed water, and washing was carried out at 35° C. to 45°
C. for 15 minutes. Then 80.0 parts by mass of 0.1% by mass
aqueous ammonia solution were added, and washing at 35 to
45° C. for 15 minutes was carried out. Then 80.0 parts by
mass of degassed water were added, and washing at 35 to
45° C. for 15 minutes was carried out twice.

[0194] After removal of toluene and trace amounts of
water under reduced pressure with heating, suction filtration
was carried out with a 1.2 pm PTFE type membrane filter to
obtain a compound represented by formula (1) at 80.0 area
% purity.

[0195] The compound represented by formula (1)
obtained above contained a compound represented by for-
mula (1a).

Examples 5 to 8

[0196] A polythiol composition was obtained by mixing
the polythiol composition (A) and the compound repre-
sented by formula (1) obtained as described above.

[0197] At that time, the mixing ratio was changed so that
the peak area of the compound represented by formula (1)
with respect to the total peak area 100 of the compounds
included in the polythiol composition was the value indi-
cated in Table 2, and the respective components were mixed.
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Measurement of Ratio (Area %) of Compound
Represented by Formula (1)

[0198] The ratio (area %) of the compound represented by
formula (1) by HPLC was measured by the method
described in the above <Measurement of peak area of
compound represented by formula (1)>.

[0199] The results are shown in Table 2.
Production of Plastic Flat Plate
Production Example 5
[0200] 50.8 parts by mass of m-xylylene diisocyanate,

0.01 parts by mass of dimethyl tin dichloride as a curing
catalyst, 0.10 parts by mass of ZELEC UN (a product
manufactured by Stepan Company, acidic phosphoric acid
ester), 0.6 parts by mass of VIOSORB 583 (manufactured by
Kyodo Chemical Co., Ltd., ultraviolet absorber), and 0.6
parts by mass of SEESORB 706 (manufactured by Shipro
Kasei Kaisha, Ltd., ultraviolet absorber) were mixed and
dissolved at 20° C. 49.2 parts by mass of the polythiol
composition of Example 5 was charged and mixed into a
mixed homogeneous liquid.

[0201] The homogeneous liquid was defoamed at 600 Pa
for 1 hour and then filtered through a 1 pm Teflon (R) filter
and then injected into a mold consisting of a glass mold and
a tape.

[0202] The mold was charged into an oven, gradually
heated to 20° C. to 120° C. and polymerized for 30 hours.
After terminating the polymerization, the mold was taken
out from the oven and demolded to yield a resin. The
resulting resin was further annealed at 120° C. for 1 hour to
produce a plastic flat plate. Based on the evaluation method
of each physical property of the plastic flat plate described
above, each physical property was determined.

Production Example 6

[0203] In Production Example 5, a plastic flat plate was
produced in a manner similar to that described in Production
Example 5 except that 49.2 parts by mass of the polythiol
composition of Example 5 was changed to 49.2 parts by
mass of the polythiol composition of Example 6. Based on
the evaluation method of each physical property of the
plastic flat plate described above, each physical property was
determined.

Production Example 7

[0204] In Production Example 5, a plastic flat plate was
produced in a manner similar to that described in Production
Example 5 except that 49.2 parts by mass of the polythiol
composition of Example 5 was changed to 49.2 parts by
mass of the polythiol composition of Example 7. Based on
the evaluation method of each physical property of the
plastic flat plate described above, each physical property was
determined.

Production Example 8

[0205] In Production Example 5, a plastic flat plate was
produced in a manner similar to that described in Production
Example 5 except that 49.2 parts by mass of the polythiol
composition of Example 5 was changed to 49.2 parts by
mass of the polythiol composition of Example 8. Based on
the evaluation method of each physical property of the
plastic flat plate described above, each physical property was
determined.
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[0206] The physical properties of the plastic flat plates of
Production Example 5 to Production Example 8 (i.e.,
Examples 5 to 8) are shown in Table 2.

TABLE 2
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[0214] the peak area of the compound (N3) is 0.10 ppm
or more (for example, 100 ppm) with respect to the
peak area 1 of XDI.

Example 5 Example 6 Example 7 Example 8

Polythiol Ratio (area %) of peak area 2.3 4.2 53
composition of compound represented
by formula (1) with respect
to total peak area 100 of
compounds included in
polythiol composition
Plastic lens
Transmittance
(%) at
wavelength
of 567 nm

Dyeability Light 65.87 62.00 58.68

10.0

56.96

[0207] As shown in Table 2, the Examples using a poly-
thiol composition including a polythiol compound (A) con-
taining, as main components, 4,8-dimercaptomethyl-1,11-
dimercapto-3,6,9-trithiaundecane, 4,7-dimercaptomethyl-1,
11-dimercapto-3,6,9-trithiaundecane, and 5,7-
dimercaptomethyl-1,11-dimercapto-3,6,9-trithiaundecane,
and a compound represented by formula (1) had excellent
dyeability.

Production Example 1X to Production Example 8X

[0208] In a case in which, as each of Production Example
1X to Production Example 8X, a plastic lens or a plastic flat
plate is produced by performing the same procedure as that
in each of Production Example 1 to Production Example 8
(that is, Example 1 to Example 8) except for the following
modifications, substantially the same results as the results
(Tables 1 and 2) of each of Production Example 1 to
Production Example 8 are obtained.

Modifications from Each of Production Example 1
to Production Example 8

[0209] In each of Production Example 1 to Production
Example 8, m-xylylene diisocyanate (XDI) (52 parts by
mass or 50.8 parts by mass) is used when producing a plastic
lens or a plastic flat plate. Meanwhile, in each of Production
Example 1X to Production Example 8X, the XDI (52 parts
by mass or 50.8 parts by mass) is changed to an XDI
composition X1 (in an amount corresponding to 52 parts by
mass or 50.8 parts by mass of XDI) as the XDI composition
described above.

[0210] The XDI composition X1 is produced by adding a
very small amount of the compound (N1), a very small
amount of the compound (N2), and a very small amount of
the compound (N3) to XDI as a main component, and
mixing them.

[0211] When a gas chromatography measurement is per-
formed for the XDI composition X1 under each of the GC
conditions 1 and 2 described above:

[0212] the peak area of the compound (N1) is 0.20 ppm
or more (for example, 600 ppm) with respect to the
peak area 1 of XDI,

[0213] the peak area of the compound (N2) is 0.05 ppm
or more (for example, 18 ppm) with respect to the peak
area 1 of XDI, and

[0215] The disclosure of Japanese Patent Application No.
2020-216939 filed on Dec. 25, 2020 is incorporated herein
by reference in its entirety.

[0216] All documents, patent applications, and technical
standards described in this specification are incorporated
herein by reference to the same extent as if each individual
document, patent application, or technical standard was
specifically and individually indicated to be incorporated by
reference.

1. A polymerizable composition, comprising a polythiol
composition and a polyiso(thio)cyanate composition,

the polythiol composition comprising: a polythiol com-
pound (A); and a compound represented by the follow-
ing formula (1):

S/e\/sjn—H

SH

wherein, in formula (1), m and n each independently
represent 0 or 1, and m+n=1, and

the polyiso(thio)cyanate composition comprising:
xylylene diisocyanate, and at least one selected from

the group consisting of the following compound (N1),
the following compound (N2), and the following com-

pound (N3):

(N1
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-continued

(N2)
NCO

S

| <
=

Cl

(N3)

wherein:

in a case in which the polyiso(thio)cyanate composition
comprises the compound (N1), a peak area of the
compound (N1) is 0.20 ppm or more with respect to a
peak area 1 of xylylene diisocyanate in a gas chroma-
tography measurement,

in a case in which the polyiso(thio)cyanate composition

comprises the compound (N2), a peak area of the
compound (N2) is 0.05 ppm or more with respect to a
peak area 1 of xylylene diisocyanate in a gas chroma-
tography measurement, and

in a case in which the polyiso(thio)cyanate composition

comprises the compound (N3), a peak area of the
compound (N3) is 0.10 ppm or more with respect to a
peak area 1 of xylylene diisocyanate in a gas chroma-
tography measurement.

2. The polymerizable composition according to claim 1,
wherein the polythiol compound (A) comprises a polythiol
compound obtained from epichlorohydrin, 2-mercaptoetha-
nol, and thiourea as raw materials.

3. The polymerizable composition according to claim 1,
wherein the polythiol compound (A) comprises 4-mercap-
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tomethyl-1,8-dimercapto-3,6-dithiaoctane, or comprises a
mixture of 5,7-dimercaptomethyl-1,11-dimercapto-3,6,9-
trithiaundecane, 4,7-dimercaptomethyl-1,11-dimercapto-3,
6,9-trithiaundecane, and 4,8-dimercaptomethyl-1,11-di-
mercapto-3,6,9-trithiaundecane.

4. The polymerizable composition according to claim 1,
wherein the polythiol compound (A) comprises 4-mercap-
tomethyl-1,8-dimercapto-3,6-dithiaoctane.

5. The polymerizable composition according to claim 1,
wherein, in a high-performance liquid chromatography mea-
surement of the polythiol composition, a peak area of the
compound represented by formula (1) is 10.0 or less with
respect to a total peak area 100 of compounds included in the
polythiol composition.

6. The polymerizable composition according to claim 1,
wherein, in a high-performance liquid chromatography mea-
surement of the polythiol composition, a peak area of the
compound represented by formula (1) is greater than 0 with
respect to a total peak area 100 of compounds included in the
polythiol composition.

7. The polymerizable composition according to claim 1,
wherein the compound represented by formula (1) is a
compound represented by the following formula (1a):

(la)
SH

SH.
S/\/

SH

8. A resin, comprising a cured product of the polymeriz-
able composition according to claim 1.

9. A molded article, comprising the resin according to
claim 8.

10. An optical material, comprising the resin according to
claim 8.

11. A lens, comprising the resin according to claim 8.

#* #* #* #* #*



