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Description

[0001] The present invention relates to a method for producing an episulfide compound, and specifically to a method
for producing an episulfide compound preferable for an optical material such as a plastic lens, a prism, an optical fiber,
an information recording substrate, a filter or the like, especially a plastic lens.
[0002] Plastic materials are lightweight, highly tough and easy to be dyed, and therefore are widely used recently for
various types of optical materials, especially eyeglass lenses. Optical materials, especially eyeglass lenses, are specif-
ically required to have, as physical properties, low specific gravity, high transparency and low yellow index, high heat
resistance, high strength and the like, and as optical properties, high refractive index and high Abbe number. A high
refractive index allows a lens to be thinner, and a high Abbe number reduces the chromatic aberration of a lens. However,
as the refractive index is increased, the Abbe number is decreased. Thus, it has been studied to improve both of the
refractive index and the Abbe number. Among methods which have been proposed, a representative method uses an
episulfide compound as described in Patent Documents 1 through 3.
[0003] However, an episulfide compound found in these patent documents is likely to generate an oligomer or a
polymer depending on the reaction conditions, and as a result, the reaction yield is reduced. Therefore, optimization of
the reaction conditions for producing an episulfide compound has been desired.
[0004] Regarding the reaction conditions for episulfidation, Patent Document 4 proposes a technique of allowing a
reaction to proceed in a mixture solvent of a polar organic solvent and a non-polar organic solvent in the presence of
an acid and/or an acid anhydride.
[0005] Patent Document 5 proposes a method of using only a polar solvent as a reaction solvent, and Patent Document
6 proposes a method of generating an isothiuronium salt as an intermediate substance in the presence of an acid. These
methods both result in a low yield and are not practically usable. In addition, these methods require a large amount of
acid and also a base for hydrolysis, and therefore require many steps and thus are disadvantageous also in the aspect
of cost.
[0006] Patent Document 7 proposes a method of forming an epoxy compound into a corresponding isothiuronium salt
and then performing hydrolysis thereon by use of ammonia or an ammonium salt. However, this method also requires
a large amount of acid for generating the isothiuronium salt and a large amount of ammonia or ammonium salt for
performing hydrolysis thereon. This complicates the production process, which is disadvantageous in the aspect of cost.
In addition, since there is no description on the yield, it is not clear whether the method is practically usable or not.
[0007] As described above, for producing an episulfide compound, methods of adding an acid have been proposed.
However, the methods described in these documents have been desired to be improved for the reasons that the acids
used in these document mostly accompany a bad odor and thus require a measure against the odor, that the methods
require a measure against corrosion, and that the methods may occasionally require a large amount of base for neu-
tralization.

CITATION LIST

PATENT LITERATURE

[0008]

Patent Document 1: Japanese Laid-Open Patent Publication No. Hei 9-71580
Patent Document 2: Japanese Laid-Open Patent Publication No. Hei 9-110979
Patent Document 3: Japanese Laid-Open Patent Publication No. Hei 9-255781
Patent Document 4: Japanese Laid-Open Patent Publication No. 2000-186087
Patent Document 5: Japanese Laid-Open Patent Publication No. 2001-163872
Patent Document 6: Japanese Laid-Open Patent Publication No. 2001-163874
Patent Document 7: Japanese Laid-Open Patent Publication No. 2001-163871

[0009] A problem to be solved by the present invention is to provide an episulfide compound efficiently from an epoxy
compound with no need of a measure against odor or corrosion, or a neutralization step.
[0010] As a result of accumulating active studies in light of such circumstances, the present inventors solved the
above-described problem by a method for producing an episulfide compound in which an epoxy compound and a thiourea
are reacted with each other in the presence of an ammonium compound, and thus achieved the present invention.
[0011] The subject matter of the present invention is characterized in the claims.

<1> Disclosed is a method for producing an episulfide compound, wherein an epoxy compound having a structure
expressed by the following formula (1) and a thiourea are reacted with each other in the presence of an ammonium
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salt to produce an episulfide compound having a structure expressed by the following formula (2).

<2> Disclosed is a method for producing an episulfide compound according to <1> above, wherein the compound
of the formula (1) is expressed by the following formula (3), and the compound of the formula (2) is expressed by
the following formula (4):

where m represents an integer of 0 to 4, and n represents an integer of 0 or 1;

where m represents an integer of 0 to 4, and n represents an integer of 0 or 1.

<3> Disclosed is a method for producing an episulfide compound according to <1> or <2> above, wherein the
ammonium salt is at least one selected from the group consisting of ammonium nitrate, ammonium sulfate and
ammonium chloride.

<4> Disclosed is a method for producing an episulfide compound according to any one of <1> through <3> above,
wherein the episulfide compound and the thiourea are reacted with each other with no addition of an acid.

[0012] According to the present invention, it has now become possible to provide an episulfide compound efficiently
from an epoxy compound without using a measure against odor or corrosion, or acid required for a neutralization step,
which are required in the conventional art.
[0013] In general, any of all episulfide compounds having a structure expressed by formula (2) above are usable.
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Specific examples thereof will be described regarding each type of compounds, i.e., compounds having a chain aliphatic
structure, compounds having an aliphatic cyclic structure, and compounds having an aromatic structure.
[0014] According to the present invention, the compounds having a chain aliphatic structure include compounds
expressed by the following formula (4):

where m represents an integer of 0 to 4, and n represents an integer of 0 or 1.
[0015] According to the present invention, the compounds having an aliphatic cyclic structure include compounds
expressed by the following formula (5) or (6):

where and q each represent an integer of 0 to 4.

where p and q each represent an integer of 0 to 4. According to the present invention, the compounds having an aromatic
structure include compounds expressed by the following formula (7):

where p and q each represent an integer of 0 to 4.
[0016] Among the above-shown compounds, the compounds expressed by formula (4) above having a chain aliphatic
structure are preferable. Specific examples thereof include bis(β-epithiopropyl)sulfide, bis(β-epithiopropyl)disulfide, bis(β-
epithiopropyl)trisulfide, bis(β-epithiopropylthio)methane, 1,2-bis(β-epithiopropylthio)ethane, 1,3-bis(β-epithiopropylth-
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io)propane, 1,4-bis(β-epithiopropylthio)butane, and bis(β-epithiopropylthioethyl)sulfide. Bis(β-epithiopropyl)sulfide (in
formula (4), n = 0) and bis(β-epithiopropyl)disulfide (in formula (4), m = 0, n = 1) are especially preferable. Bis(β-
epithiopropyl)sulfide (in formula (4), n = 0) is most preferable.
[0017] Examples of the episulfide compounds having an aliphatic cyclic structure include 1,3- and 1,4-bis(β-epithio-
propylthio)cyclohexane (in formula (5), p = 0, q = 0), 1,3- and 1,4-(β-epithiopropylthiomethyl)cyclohexane (in formula
(5), p = 1, q = 1), bis[4-(β-epithiopropylthio)cyclohexyl]methane, 2,2-bis[4-(β-epithiopropylthio)cyclohexyl]propane,
bis[4-(β-epithiopropylthio)cyclohexyl]sulfide, 2,5-bis(β-epithiopropylthio)-1,4-dithiane (in formula (6), p = 0, q = 0), 2,5-
bis(β-epithiopropylthiomethyl)-1,4-dithiane (in formula (6), p = 1, q = 1), 2,5-bis(β-epithiopropylthioethylthiomethyl)-1,4-
dithiane, and the like.
[0018] Examples of the episulfide compounds having an aromatic structure include 1,3- and 1,4-bis(β-epithiopropylth-
io)benzene (in formula (7), p = 0, q = 0), 1,3- and 1,4-bis(β-epithiopropylthiomethyl)benzene (in formula (7), p = 1, q =
1). General episulfide compounds having an aromatic structure include bis[4-(β-epithiopropylthio)phenyl)]methane, 2,2-
bis[4-(β-epithiopropylthio)phenyl]propane, bis[4-(β-epithiopropylthio)phenyl)]sulfide, bis[4-(β-epithiopropylthio)phenyl)]
sulfine, 4,4-bis(β-epithiopropylthio)biphenyl, and the like.
[0019] An epoxy compound used as a material in the present invention is obtained as a result of substituting sulfur
atoms in 3-membered rings in episulfide described above with oxygen atoms.
[0020] The amount of thiourea used in the present invention may be any amount which is equal to or greater than the
stoichiometric amount. In consideration of economy, the amount of thiourea is usually 1.0 to 5.0 equivalent, preferably
1.0 to 2.0 equivalent, and most preferably 1.1 to 1.8 equivalent.
[0021] According to the present invention, any of all ammonium salts is usable. Preferably usable ammonium salts
are ammonium chloride, ammonium bromide, ammonium iodide, ammonium formate, ammonium acetate, ammonium
propionate, ammonium benzoate, ammonium sulfate, ammonium nitrate, ammonium carbonate, ammonium phosphate,
and ammonium hydroxide. Ammonium nitrate, ammonium sulfate, and ammonium chloride are more preferable. Am-
monium nitrate is most preferable.
[0022] The amount of the ammonium salt is usually 0.01 to 20% by weight with respect to the total amount of epoxy
in consideration of economy. The amount is preferably 0.1 to 15% by weight, and most preferably 0.5 to 10% by weight.
When the amount is less than 0.01% by weight, insoluble substances may be deposited at the time of extraction and
washing. When the amount is more than 20% by weight, the number of times of washing required for removing the
ammonium salt may be increased, and thus the amount of waste liquid may be increased.
[0023] For the reaction of the present invention, a solvent may or may not be used. Usually, a solvent is used. Preferably,
a mixture solvent of a non-polar solvent in which the epoxy compound is soluble and a polar solvent in which the thiourea
is soluble is used. The volumetric ratio of the polar solvent and the non-polar solvent is usually polar solvent/non-polar
solvent = 0.1 to 10.0, and preferably 0.2 to 5.0. When the volumetric ratio is less than 0.1, the thiourea is not sufficiently
dissolved and thus the reaction does not proceed sufficiently. When the volumetric ratio exceeds 10.0, the reaction
proceeds excessively fast and it is difficult to control the reaction.
[0024] Examples of a usable non-polar solvent include aliphatic hydrocarbons such as pentane, hexane, heptane and
the like; and aromatic hydrocarbons such as benzene, toluene and the like. Aromatic hydrocarbons are preferable, and
toluene is most preferable.
[0025] Examples of a usable polar solvent include alcohols such as methanol, ethanol and the like; ethers such as
diethylether, tetrahydrofuran, dioxane and the like; hydroxyethers such as methylcellosolve, ethylcellosolve, bitylcello-
solve and the like; and ketones such as acetone, methylethylketone and the like. Alcohols are preferable, and methanol
is most preferable.
[0026] Merely a polar solvent may be used. In this case also, the reaction of episulfidation can be caused to proceed
by adding an epoxy compound little by little to the polar solvent while taking time.
[0027] The reaction is caused by mixing and stirring an epoxy compound, which is a material of the episulfide compound,
and an ammonium salt and a reaction solvent used in the present invention. These components may be added in any
order, or may be mixed at the same time.
[0028] The reaction temperature is 10 to 40°C. When the reaction temperature is lower than 0°C, the reaction rate is
decreased. When the reaction temperature is higher than 60°C, the episulfide compound obtained may be colored.
There is no specific limitation on the reaction time as long as the reaction is completed under the above-described
conditions. The reaction time is usually 20 hours or less, and preferably 15 hours or less. Regarding the pressure, either
reduced pressure, normal pressure or raised pressure may be used. Normal pressure is preferable. The reaction is
preferably caused in a nitrogen atmosphere.
[0029] After the reaction is finished, the intended episulfide compound is obtained by extraction, washing and removal
of the solvent by distillation. As a solvent for extraction, any of the non-polar solvents described above is usable. Aromatic
hydrocarbons are preferable, and toluene is most preferable. Washing is performed with water or an aqueous solution
of acid. Preferably, washing is first performed with an aqueous solution of acid and then with water. The removal of the
solvent by distillation is usually performed at a reduced pressure.



EP 2 540 714 B1

6

5

10

15

20

25

30

35

40

45

50

55

[0030] The episulfide compound thus obtained can be refined by a refinement method of recrystallization, reprecipi-
tation, column separation, processing with an adsorber, processing with an ion exchange resin or the like. The production
of the episulfide compound can be performed in the air, but is preferably performed in a nitrogen atmosphere in order
to guarantee that the components and the resultant compound are not oxidized or colored.

[Examples]

[0031] Hereinafter, the present invention will be specifically described by way of examples.

Example 1

[0032] 305 g of thiourea, 1360 ml of methanol, 680 ml of toluene, 10 g of ammonium nitrate, and 146 g of bis(β-
epoxypropyl)sulfide (in formula (3), n = 0) were mixed and reacted at 20°C for 9 hours in a nitrogen atmosphere. During
the reaction, no polymer was deposited. After the reaction, 1720 ml of toluene and 210 ml of 10% aqueous solution of
sulfuric acid were put to the reaction vessel to extract the reaction product. Then, the extracted product was washed
with 130 ml of water four times, and toluene was removed by distillation. As a result, 137 g of bis(β-epithiopropyl)sulfide
(in formula (4), n = 0) was obtained. The yield was 77%. The results are shown in Table 1.

Examples 2 through 4

[0033] The procedure of Example 1 was repeated except that instead of ammonium nitrate, an ammonium salt shown
in Table 1 was used in an equal weight amount to that of ammonium nitrate. The results are shown in Table 1.

Example 5

[0034] The procedure of Example 1 was repeated except that the amount of ammonium nitrate was 5 g. The results
are shown in Table 1.

Comparative example 1

[0035] The procedure of Example 1 was repeated except that ammonium nitrate was not used. During the reaction,
polymer was deposited, and bis(β-epithiopropyl)sulfide was not obtained. The results are shown in Table 1.

Comparative example 2

[0036] The procedure of Example 1 was repeated except that 18 g of acetic anhydride was used instead of ammonium
nitrate. The results are shown in Table 1.

Comparative example 3

[0037] The procedure of Example 1 was repeated except that 10 g of acetic anhydride was used instead of ammonium
nitrate. The results are shown in Table 1.

Comparative example 4

[0038] The procedure of Example 1 was repeated except that 10 g of acetic acid was used instead of ammonium
nitrate. The results are shown in Table 1.

Example 6

[0039] 305 g of thiourea, 3000 ml of methanol, 1500 ml of toluene, 10 g of ammonium nitrate, and 325 g of 1,3-bis(β-
epoxypropylthiomethyl)benzene were mixed and reacted at 20°C for 9 hours in a nitrogen atmosphere. During the
reaction, no polymer was deposited. After the reaction, 3800 ml of toluene and 460 ml of 10% aqueous solution of sulfuric
acid were put to the reaction vessel to extract the reaction product. Then, the extracted product was washed with 300
ml of water four times, and toluene was removed by distillation. As a result, 288 g of 1,3-bis(β-epithiopropylthiome-
thyl)benzene (in formula (7), p = 1, q = 1) was obtained. The yield was 81%. The results are shown in Table 2.
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Example 7

[0040] The procedure of Example 6 was repeated except that instead of ammonium nitrate, ammonium sulfate was
used in an equal weight amount to that of ammonium nitrate. The results are shown in Table 2.

Comparative example 5

[0041] The procedure of Example 6 was repeated except that 18 g of acetic anhydride was used instead of ammonium
nitrate. The results are shown in Table 2.

Example 8

[0042] 305 g of thiourea, 3000 ml of methanol, 1500 ml of toluene, 10 g of ammonium nitrate, and 332 g of 1,4-bis(β-
epoxypropylthiomethyl)cyclohexane were mixed and reacted at 20°C for 9 hours in a nitrogen atmosphere. During the
reaction, no polymer was deposited. After the reaction, 3800 ml of toluene and 460 ml of 10% aqueous solution of sulfuric
acid were put to the reaction vessel to extract the reaction product. Then, the extracted product was washed with 300
ml of water four times, and toluene was removed by distillation. As a result, 295 g of 1,4-bis(β-epithiopropylthiomethyl)cy-
clohexane (in formula (5), p = 1, q = 1) was obtained. The yield was 80%. The results are shown in Table 3.

Example 9

[0043] The procedure of Example 8 was repeated except that instead of ammonium nitrate, ammonium sulfate was
used in an equal weight amount to that of ammonium nitrate. The results are shown in Table 3.

Comparative example 6

[0044] The procedure of Example 8 was repeated except that 18 g of acetic anhydride was used instead of ammonium
nitrate. The results are shown in Table 3.

[Table 1]

Example Added compound Amount (g) Odor Yield (%)

Example 1 Ammonium nitrate 10 No 77

Example 2 Ammonium sulfate 10 No 76

Example 3 Ammonium chloride 10 No 76

Example 4 Ammonium acetate 10 No 75

Example 5 Ammonium nitrate 5 No 76

Comparative example 1 None - No 0

Comparative example 2 Acetic anhydride 18 Yes 75

Comparative example 3 Acetic anhydride 10 Yes 71

Comparative example 4 Acetic acid 10 Yes 66

[Table 2]

Example Added compound Amount (g) Odor Yield (%)

Example 6 Ammonium nitrate 10 No 81

Example 7 Ammonium sulfate 10 No 80

Comparative example 5 Acetic anhydride 18 Yes 62
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Example 10

[0045] 305 g of thiourea, 3000 ml of methanol, 1500 ml of toluene, 10 g of ammonium nitrate, and 373g of 2,5-bis(β-
epoxypropylthiomethyl)-1,4-dithiane were mixed and reacted at 20°C for 9 hours in a nitrogen atmosphere. During the
reaction, no polymer was deposited. After the reaction, 3800 ml of toluene and 460 ml of 10% aqueous solution of sulfuric
acid were put to the reaction vessel to extract the reaction product. Then, the extracted product was washed with 300
ml of water four times, and toluene was removed by distillation. As a result, 340 g of 2,5-bis(β-epithiopropylthiomethyl)-
1,4-dithiane (in formula (6), p = 1, q = 1) was obtained. The yield was 83%. The results are shown in Table 4.

Example 11

[0046] The procedure of Example 10 was repeated except that instead of ammonium nitrate, ammonium sulfate was
used in an equal weight amount to that of ammonium nitrate. The results are shown in Table 4.

Comparative example 7

[0047] The procedure of Example 10 was repeated except that 18 g of acetic anhydride was used instead of ammonium
nitrate. The results are shown in Table 4.

[0048] As described above, in Examples 1 through 7, an epoxy compound and a thiourea were reacted with each
other in the presence of an ammonium salt, and as a result, an episulfide compound was obtained at a high yield of
75% or higher. In addition, in each of the examples which do not require an acid, unlike in the comparative examples,
generation of odor was prevented, and neither a measure against corrosion or a neutralization step is necessary.
Therefore, the present invention can produce an episulfide compound efficiently and can also improve the work envi-
ronment and simplify the production process.

Claims

1. A method for producing an episulfide compound, wherein an epoxy compound having a structure expressed by the
following formula (3) or an epoxy compound, which differs from the episulfide compound having a structure expressed
by any one of the following formulae (5) to (7) in that the sulfur atom of each three-membered ring is substituted
with an oxygen atom, and a thiourea are reacted with each other at 10 to 40°C in the presence of an ammonium
salt to produce an episulfide compound having a structure expressed by any one of the following formulae (4) to (7).

[Table 3]

Example Added compound Amount (g) Odor Yield (%)

Example 8 Ammonium nitrate 10 No 80

Example 9 Ammonium sulfate 10 No 79

Comparative example 6 Acetic anhydride 18 Yes 64

[Table 4]

Example Added compound Amount (g) Odor Yield (%)

Example 10 Ammonium nitrate 10 No 83

Example 11 Ammonium sulfate 10 No 81

Comparative example 7 Acetic anhydride 18 Yes 64
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where m represents an integer of 0 to 4, and n represents an integer of 0 or 1;

where m represents an integer of 0 to 4, and n represents an integer of 0 or 1;

where p and q each represent an integer of 0 to 4;

where p and q each represent an integer of 0 to 4;
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where p and q each represent an integer of 0 to 4.

2. The method for producing an episulfide compound according to claim 1, wherein the ammonium salt is at least one
selected from the group consisting of ammonium nitrate, ammonium sulfate and ammonium chloride.

3. The method for producing an episulfide compound according to claim 1 or 2, wherein the episulfide compound and
the thiourea are reacted with each other with no addition of an acid.

Patentansprüche

1. Verfahren zur Herstellung einer Episulfidverbindung, wobei eine Epoxyverbindung mit einer Struktur, ausgedrückt
durch die folgende Formel (3), oder eine Epoxyverbindung, welche sich von der Episulfidverbindung mit einer
Struktur, ausgedrückt durch eine der folgenden Formeln (5) bis (7) darin unterscheidet, dass das Schwefelatom
von jedem dreigliedrigen Ring mit einem Sauerstoffatom ersetzt ist, und eine Thioharnstoffverbindung miteinander
bei 10 bis 40°C in der Gegenwart eines Ammoniumsalzes umgesetzt werden, um eine Episulfidverbindung mit einer
Struktur, ausgedrückt durch eine der folgenden Formeln (4) bis (7) herzustellen.

wobei m eine ganze Zahl von 0 bis 4 darstellt und n eine ganze Zahl von 0 bis 1 darstellt;

worin m eine ganze Zahl von 0 bis 4 darstellt und n eine ganze Zahl von 0 bis 1 darstellt;



EP 2 540 714 B1

11

5

10

15

20

25

30

35

40

45

50

55

worin p und q jeweils eine ganze Zahl von 0 bis 4 darstellen;

worin p und q jeweils eine ganze Zahl von 0 bis 4 darstellen;

worin p und q jeweils eine ganze Zahl von 0 bis 4 darstellen.

2. Verfahren zur Herstellung einer Episulfidverbindung gemäß Anspruch 1, wobei das Ammoniumsalz mindestens
eines ist, ausgewählt aus der Gruppe, bestehend aus Ammoniumnitrat, Ammoniumsulfat und Ammoniumchlorid.

3. Verfahren zur Herstellung einer Episulfidverbindung gemäß Anspruch 1 oder 2, wobei die Episulfidverbindung und
der Thioharnstoff miteinander unter keiner Zugabe einer Säure umgesetzt werden.

Revendications

1. Procédé de production d’un composé d’épisulfure, dans lequel un composé d’époxy ayant une structure exprimée
par la formule suivante (3) ou un composé d’époxy qui diffère du composé d’épisulfure ayant une structure exprimée
par l’une quelconque des formules suivantes (5) à (7) en ce que l’atome de soufre de chaque anneau à trois membres
est substitué par un atome d’oxygène, et une thiourée sont mis à réagir l’un avec l’autre à 10 à 40°C en présence
d’un sel d’ammonium pour produire un composé d’épisulfure ayant une structure exprimée par l’une quelconque
des formules suivantes (4) à (7),
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où m représente un entier de 0 à 4 et n représente un entier de 0 ou 1 ;

où m représente un entier de 0 à 4 et n représente un entier de 0 ou 1 ;

où p et q représentent chacun un entier de 0 à 4 ;
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où p et q représentent chacun un entier de 0 à 4 ;

où p et q représentent chacun un entier de 0 à 4.

2. Procédé de production d’un composé d’épisulfure selon la revendication 1, dans lequel le sel d’ammonium est au
moins un sélectionné parmi le groupe constitué du nitrate d’ammonium, sulfate d’ammonium et chlorure d’ammo-
nium.

3. Procédé de production d’un composé d’épisulfure selon la revendication 1 ou 2, dans lequel le composé d’épisulfure
et la thiourée sont mis à réagir l’un avec l’autre sans addition d’un acide.
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