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The invention relates to a novel thiol compound useful as a

starting material for optical materials that have a high
refractive index and a high Abbe's number; and a method for
efficiently producing the same.

The thiol compound is represented by the general formula (1):

HS(CHz)nYS\[/(CHz)nSH M

S S
(CHz)nSH
wherein n is 1 or 2,
and the method for producing a thiol compound represented by
the general formula (1) comprises the use of 1,3,5~-trithiane
having a methylene or vinyl group simultaneously at the

2,4, 6-positions thereof as an intermediate.
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THIOL COMPOUND, METHOD FOR PRODUCING TH.

L*J
4

SAME, AND OPTICAL

PRODUCT COMPRISING THE SAME

i

[Detailed Description of the Invention]

10001 ]

[Technical Field to which the Invention Belongs]

The present invention relates to a novel thiol compound,
to a method for producing the same and to an optical product
comprising the same. More precilsely, the 1nvention relates

to a novel thiol compound that may give optical materials having

a high refractive index and a high Abbe's number and having

excellent heat resistance and transparency, also to a method

for efficiently producing the same and to an optical product
comprising the same.
[0002]

[Prior Art]

Plastics are used for various optical applications these

days, for example, for lenses and others, as being lightweilight,
hardly broken and easily colored when compared with glass. For
optical plastic materials are generally used poly(diethylene

glycol bisallylcarbonate) (CR-39) and poly(methyl meth-

acrylate). However, these plastics have a refractive 1ndex

of 1.50 or less. Therefore, for example, when they are used

for lens materials, the lenses produced shall be thicker with

the increase in their power, and they lose the advantage of
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plastics that are lightweight. In particular, powerful
concave lenses are thick at their periphery, and are therefore
unfavorable as causing birefringence and chromatic aberration.
For spectacles, 1n addition, such thick lenses are often not
aesthetic. For obtalning thin lenses, 1t 1s effective to

increase the refractive index of the materials. 1In general,

pr—

the Abbe's number of glass and plastics decreases with the

increase 1n thelir refractive index, and, as a result, their
chromatic aberration 1ncreases. Accordingly, are desired

plastic materials having a high refractive i1ndex and a high

Abbe's number.

10003]

For plastic materials having such properties, for

example, are proposed (1) polyurethanes obtained through
addition-polymerization of a polythiol having bromine 1n the
molecule and a polyisocyanate (Japanese Patent Laid-Open No.
164615/1983); and (2) polythiourethanes obtained through
addition-polymerization of a polythiol and a polylsocyanate
(Japanese Patent Publication No. 58489/1992 and Japanese

Patent Laid-Open 148340/1993). For the starting material,

polythiol for the polythiourethanes of above (2), are
specifically proposed branched polythiols having an 1ncreased
sul fur content (Japanese Patent Laid-Open Nos. 270853/1990 and
148340/1993), and polythiols into which 1s 1ntroduced a

dithiane structure for 1ncreasing th=sir sulfur content
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(Japanese Patent Publication No. 5323/1994 and Japanese Patent

Lald-Open No. 118390/1995). Further, are proposed (3)

polymers of an alkyl sulfide having a polymeriza-

tion-functional group, episulfide (Japanese Patent Laid-Open

Nos. 71580/1997 and 110979/1997) . However, though their

refractive 1ndex 1s 1ncreased a little, the polyurethanes of

above (1) still have a low Abbe's number and have some other

—
-

drawbacks 1n that their lightfastness is poor, their specific

gravity 1s high and therefore, they are not lightweight. Of

the polythiourethanes (2), those for which the starting

polythiol used has a high sulfur content have an increased
refractive index of from about 1.60 to 1.68, but their Abbe's

number 1s lower than that of optical incrganic glass having

a refractive index on the same level. Therefore, they still

have a problem i1n that their Abbe's number must be increased

more. On the other hand, one example of the alkyl sulfide

polymers (3) having an Abbe's number of 36 has an increased
refractive 1ndex of 1.70. The lenses obtained by using this
polymer can be extremely thin and lightweight. However, are

still desiredplasticmaterials of which both the Abbe's number

and the refractive index are more 1increased simultaneously.

[0004 ]

[Problems that the Invention i1s to Solve]
The present 1nvention has been made to solve the problems

noted above, and 1ts object 1s to provide a novel thiol compound
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that may give optical materials having a high refractive index
and a high Abbe's number and having excellent heat resistance
and transparency, to provide a method for efficiently
producing the same and to provide an optical product comprising
the same.

[0005]
([Means for Solving the Problems]

The present 1nventors assiduously studied to attain the
object as above. As a result, 1t has been found that novel

thiol compounds with mercaptomethyl or mercaptoethyl groups

bonded to a 1,3, 5-trithiane ring meet the object as above and

that the compounds are efficiently produced in a specific
method. On the basis of these findings, the present invention
has been completed.

[0006]

Specifically, the invention provides a thiol compound

represented by the general formula (1):

(CH2),SH

HS(CH2)n YS\I/ "
s\rs

wherein n 1s 1 or 2,

and a method for producing a thiol compound represented by the
general formula (1) comprising the use of 1,3,5-trithiane
having a methylene or vinyl group simultaneously at the

2,4,06-positions thereof as an intermediate.
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[0007]

[Modes of Carrying out the Invention]

The novel thiol compound of the invention 1s represented

by the general formula (1) mentioned below, from which i1t 1s
seen that the compound has three 1dentical mercaptoalkyl

groups bonded to the trithiane ring thereof.

(CH5),SH

HS(CH>),, YSY "
S.__S
g
(CHz)nSH

wherein n 1s 1 or 2.
[0008]
The trithiane ring of the thiol compound represented by

the general formula (1) has a high sulfur content, in which

the atomic refraction 1s high and which therefore sig-
nificantly increases the refractive index of the polymers
obtained by using the novel thiol compound of the i1nvention.
In addition, the polymerization-functional, terminal thiol
groups 1n the thiol compound contribute toward introducing
sulfur atoms 1nto themain chain of the polymers of the compound,
and therefore, the refractive 1ndex of the polymers optained
by using the novel thiol compound of the invention is further

o

increased. In general, the Abbe's number of amorphous ma-

terials 1s apt to decrease with the 1ncrease in the refractive

index thereof. One problem with polymers having high sulfur

content 1is that the electron resonance of sulfur 1s remarkable,
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therefore often significantly reducing the Abbe's number.

However, the novel thiol compounds of the 1nvention are free

F

from the problem. Another cause of the 1increase 1n the

refractive 1ndex i1s the decrease 1n the molar volume thereof,

and it is often seen 1in polymers having a high crosslinking

density and a strong intermolecular force. The novel thiol

compound of the invention has three polymerization-functional

groups, and the refractive index of its polymers 1s 1ncreased

especially by the former effect. In the general formula (1),
the increase i1n the number n lowers the sulfur content and the
crosslinking density, therefore giving polymers having a
reduced refractive index. Accordingly, n must be 1 or 2. 1In

addition, since the glass transition temprerature (Tg) of the

polymers obtained by using the novel thiol compound of the
invention lowers with the increase in n in the general formula
(1), n must be 1 or 2 in order to obtain polymers having good
heat resistance.

[0009]

Concretely, the novel thiol compound represented by the
general formula (1) of the invention includes 2,4,6-tris (mer-
captomethyl)-1, 3, 5-trithiane and 2,4,0-tris (mercapto-
ethyl)-1,3,5-trithiane.

[0010]

The method for producing a thiol compound represented

by the general formula (1) comprises the followling steps:
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(a) reacting chloroacetaldehyde/3-chloropropanal with
hydrogen sulfide to obtain 2,4,0-tris (chlorome-
thyl)-1,3,5~-trithiane/2,4,6-tris(chloroethyl)-1,3,5-tri-
thiane,

(b) adding a base to remove hydrogen chloride from the
compound obtalned 1n step (a) to obtain 2,4, 6~-trimethy-

lene-1,3,5-trithiane/2,4,6-triethylene-.,3,5-trithiane,

(C) adding thioacetic acid in the presence of a radical
generator,

(d) reducing the S-acetylated compound obtained in step (c)
to give 2,4,0-Lrls (mercaptomethyl)-1,3,5-trithiane/

2,4,6-tris(mercaptoethyl)-1,3,5-trithiane.
As a typical example of the method for producing the

novel thiol compound of the invention, synthesis of

2,4,0-tris (mercaptomethyl)-1,3,5-trithiane (a compound of
the general formula (1) wherein n is 1) is shown as Scheme 1
mentioned below. Concretely, an aqueous 40 wt.%
chloroacetaldehyde solution is dissolved in 70 wt.% sulfuric
aclid, and hydrogen sulfide is introduced thereinto at -20 to

40°C for 2 to 100 hours to give

2,4,0-tris(chloromethyl)-1,3,5-trithiane. As the acid

solvent is also usable any of 60/40 (v/v) 95 wt.$% sulfuric
acld—acetic acid, or hydrogen sulfide-saturated acetic acid,

ether or 95 wt.% ethanol, in place of sulfuric acid. To the

gl

resulting methanol solution of the thus-formed chlorine
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compound 1s added potassium hydroxide with which the chlorine
compound 1s processed at -10 to 40°C for 0.5 to 10 hours for
removal of hydrogen chloride from 1t to give 2,4,6-tri-
methylene-1, 3,5-trithiane. To this compound 1s added
thiocacetic acid at 0 to 100°C for 6 to 100 hours in the presence
of a radical generator, and the resulting S-acetylated
compound 1s then reduced with lithiumaluminum hydride at -10
to 50°C for 0.5 to 6 hours to give Z2,4,6-tris(mercapto-
methyl)-1,3,5-trithiane (a compound of the general formula (1)
wherein nisl). 2,4,6-Tris(mercaptoethyl)-1,3,5-trithiane
(a compound of the general formula (1) whereln n 1s 2) 1s
obtained 1n the same manner as above, for which, however,

3-chloropropanal 1s used in place of chloroacetaldehyde.

(0011]
Scheme 1:
S
o Cl S
~ H,S /\sr \s(\ OH = Y Y  MeCOSH
Cl CHO _H2'304" \[ MeQH STS AIBN/C gHg
Cl

S
Mecos"\( S\l/\SCOMe iAH,L HS’Y \[/\SH
S\I:S _fﬂﬁ?*' S\I:S

SCOMe SH

wherein Me 1s a methyl group.

(0012 ]

Next, are described optical materials obtained by the

use of the novel thiol compound of the 1nvention. As the
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optical materials 1s used a polymer obtalined by polymerizing
a polymerizable composition that contains a component A

containing at least the novel thiol compound (al) represented

by the general formula (1), and a component B contalining at

least one compound selected from the group consisting of a
compound (bl) having at least two vinyl groups 1n one molecule,
a compound (b2) having at least two 1so(thio)cyanate groups
in one molecule, and a compound (b3) having at least one vinyl
group and at least one 1so(thio)cyanate group 1n one molecule.
The iso(thio)cyanate 1s meant to 1ndicate both an 1socyanate

and an 1sothiocyanate.

[0013]

In addition to the compound (al) represented by the
general formula (1) therein, the component A may additionally
contain-one or two or more different types of compounds (aZ2)
having a mercapto group and/or a hydroxyl group 1n one mole-
cule, with the total number of the mercapto group and the
hydroxyl group in one molecule being 2 or more, for suitably
improving the physical properties of the polymer. Con-
cretely, the compound (aZ2) 1ncludes trimethylolpropane,
1,2-ethanedithiol, 1,3-propanedithiol, tetraklismercap-

tomethylmethane, pentaerythritol tetrakismercaptopropion-

ate, pentaerythritol tetrakismercaptoacetate,
2-mercaptoethanol, 2,3-dimercaptopropanol,
1,2-dihydroxy-3-mercaptopropane, 4-mercaptophenol,
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1,2-benzenedithiol, 1, 3-benzenedithiol, .,4-benzenedithiol,
1,3,5-benzenetrithiol, 1, 2-dimercaptomethylbenzene,
1,3-dimercaptomethylbenzene, 1,4-dimercaptomethylbenzene,

1,3,5-trimercaptomethylbenzene, toluene-3,4-dithiol, and

4,4"'-dihydroxyphenyl sulfide. The amount of the compound (al)
represented by the general formula (1) is from 0.1 to 100 mole¥,
and preferably from 10 to 100 mole% relative to the total amount
of the component A.

[0014]

Concretely, the vinyl group-having compound (bl) for the

component B 1ncludes divinylbenzene, ethylene glycol
di (meth)acrylate, trimethylolpropane tri(meth)acrylate, as
well as urethane-modified (meth)acrylates, epoxy-modified
(meth)acrylates and polyester-modified (meth)acrylates each
having at least two (meth)acryloxy groups inonemolecule. The
(meth)acrylate is meant to 1indicate both acrylate and
methacrylate; and (meth)acryloxy group is meant to 1ndilcate
both an acrvloxy group and a methacryloxy group.

[0015]

Concretely, the iso(thio)cyanate group-having compound
(b2) for the component B includes xylylene diiso(thio)cyanate,
3,3"'-dichlorodiphenyl-4,4'-diiso (thio)cyanate,
4,4'-diphenylmethane diiso(thio)cyanate, hexamethylene
diiso (thilio)cyanate,

2,2',5,5'-tetrachlorodiphenyl-4,4'-diiso(thio)cyanate, and

10
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tolylene diiso(thio)cyanate. Other examples of the compound
(b2) having at least one cyclohexyl ring are
bis(iso(thio)cyanatométhyl)cyclohexane,
bis(4-iso(thio)cyanatocyclohexyl)methane,
bis(4-iso(thio)cyanatomethyl)cyclohexyl)methane, cyclo-
hexane diiso(thio)cyanate, 1sophorone diiso(thio)cyanate,
2,5-bis(iso(thio)cyanatomethyl)bicyclo{2.2.2]octane,
2,5-bis(iso(thio)cyanatomethyl)bicyclo[2.2.1]heptane,

2-iso(thio)cyvanatomethyl-3-(3-iso(thio)cyanatopropyl)=5-1s

o(thio)cyanatomethyl-bicyclo[2.2.1]heptane,
2-iso(thio)cyanatomethyl-3-(3-iso(thio)cyanatopropyl)-6-1s
o(thio)cyanatomethyl-bicyclo[2.2.1]heptane,
2-iso(thio)cyanatomethyl-2-[3-iso(thio)cyanatopropyl]-5-1is
o{(thio)cyanatomethyl-bicyclol[2.2.1]heptane,
2-iso(thio)cyanatomethyl-2-(3-iso(thio)cyanatopropyl)-6-1s
o(thio)cyanatomethyl-bicyclo[2.2.1]heptane,

2—-iso(thio) cyanatomethyl-3-(3-iso(thio)cyanatopropyl)-6- (2
-iso(thio)cyanatoethyl)-bicyclo[2.2.1]heptane,
2-iso(thio)cyanatomethyl-3-(3-1iso(thio)cyanatopropyl)-6—(2
—iso (thio)cyanatoethyl)-bicyclo[2.2.1]heptane,
2—-iso{thio)cyanatomethyl-2-(3-1so(thio)cyanatopropyl)-5=(2
-iso(thio)cyanatoethyl)-bicyclo[2.2.1]heptane, and
?—-iso(thio)cyanatomethyl-2-(3-1iso(thio)cyanatopropyl)-6-(2
~iso(thio)cyanatoethyl)-bicyclo{2.2.1]reptane.

[0016]

11
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Concretely, the compound (b3) having both wvinyl and
iso(thio)cyanate groups for the component B 1i1ncludes
2- (meth)acryloxyethyl 1iso({thio)cyanate and (meth)acryloyl
iso(thio)cyanate. 1In case where the component B has a vinyl
group, 1t 1s desirable that the polymerization-functional
groups 1n the component A are all mercapto groups. In that
case, when the component A has a hydroxyl group, the degree
of polymerization does not increase, whereby the mechanical

pebey

properties of the polymers produced may be reduced.

10016—-01]

If desired, an eplsulfide compound may be added to these
components to fabricate the optical products. The episulfide
compound includes, for example, linear organic compounds such
as bis (f-epithiopropylthio)methane, 1,2-bis (B-epithio-
propylthio) ethane, 1,3-bis(B-epithiopropylthio)propane,
1,2-bis(B-epithiopropylthio)propane, l- (B-epithiopropyl-
thio)-2-(B-epithiopropylthiomethyl)propane, 1,4-bis(B-epi-
thiopropylthio)butane, 1,3-bis(B-epithiopropylthio)butane,
1- (B-epithiopropylthio)-3- (B-epithiopropylthiomethyl)butan
e, 1,5-bis(B-epithicopropylthio)pentane,
1- (B—epithiopropyl-
thio)-4- (B-epithiopropylthiomethyl)pentane, 1,6~bis(B-epi-
thiopropylthio) hexane, 1- (B-epithiopropylthio)-5- (B-epi-
thiopropylthiomethyl)hexane, 1- (B~-epithiopropyl-

thio)=-2-[(2-B-epithiopropylthioethyl)thio]ethane,

19
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1-(B-epithiopropylthio)-2-[ (2~ (2-B-epithiopropylthioethyl)
thiocethyl) thiojethane and compounds derived from them by
substituting at least one hydrogen of the episulfide group
therein with a methyl group; branched organic compounds such
as tetrakis (3-epithiopropylchiomethyl)methane,
1,1,1-tris(B-epithiopropylthiomethyl)propane,

1,5-bis(B-epithiopropylthio)-2- (B-epithiopropylthiomethyl)

-3-thiapentane,

1,5-bis (B-epithiopropylthio) -2, 4-bis (B-epithiopropylthiome
thyl)~3-thiapentane,

1-(B-epithiopropylthio)-2,2-bis (B-epithiopropylthiomethyl)
-4~thiahexane,

1,5,6-tris(B-epithiopropylthio)-4- (B-epithiopropylthiometh
y1l)-3-thiahexane,
1,8-bis(B-epithiopropylthio)~4-(B-epithiopropylthiomethyl)
3,6-dithiaoctane,

1,8-bis(B-epithiopropylthio)-4, 5-bis(B-epithiopropylthiome

thyl)-3,6-dithiaoctane,

1,8-bis(B-epithiopropylthio)-4,4-bis (B-epithiopropylthiome

thyl)-3,6-dithiaoctane,

1,8-bis(B-epithiopropylthio)-2,4,5-tris (B-epithiopropylthi

omethyl) -3, 6-dithiaoctane,

1,8-bis (B-epithiopropylthio)-2, 5-bis (f-epithiopropylthiome

thyl)-3,6-dithiaoctane,

1,9-bis(B-epithiopropylthio)-5- (B-epithiopropylthiomethyl)

13
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-5-[(2-B-epithiopropylthicethyl)thiomethyl]-3, 7-dithianona
ne,

1,10-bis (B-epithiopropylthio)=-5,6-bis[ (Z-PB~-epithiopropylth
iocethyl)thio]-3,6,9-trithiadecane,
1,11-bis(B-epithiopropylthio)-4,8-bis(B-epithiopropylthiom
ethyl)-3,6,9-trithiaundecane,

1,11-bis (B-epithiopropylthio) -5, 7-bis (B-epithiopropylthiom
ethyl)-3,6,9-trithiaundecane,
1,11-bis(B-epithiopropylthio)-5,7-[(2-B-epithiopropylthioce
thyl) thiomethyl] -3, 6,9-trithiaundecane,

1,11-bis(B-epithiopropylthio)-4, 7-bis (B-epithiopropylthiom

ethyl)-3,6,9-trithiaundecane, and compounds derived from them
by substituting at least one hydrogen of the episulfide group
therein with a methyl group; cycloaliphatic organic compounds
such as 1,3 and 1,4-bis (B-epithiopropylthio)cyclohexane, 1,3
and 1,4-bis(P~epithiopropylthiomethyl)cyclohexane,
bis[4- (B-epithiopropylthio)cyclohexyl]methane,

2,2-bis[4- (f-epithiopropylthio)cyclohexyl]propane,

bis[4- (B-epithiopropylthio)cyclohexyl] sulfide,
2,5-bis (B-epithiopropylthiomethyl)-1,4-dithian,
2,5-bis (B-epithiopropylthiocethylthiomethyl)-1,4-dithian,

and compounds derived from them by substituting at least one

hydrogen of the episulfide group therelin with a methyl group;

aromatic organic compounds such as 1,3 and

1,4-bis(B~epithiopropylthio)benzene, 1,3 and

14
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1,4-bis (B-epithiopropylthiomethyl)benzene,

bis[4- (B-epithiopropylthio)phenyl]methane,

2,2-bis{4- (B-epithiopropylthio)phenyl]propane,
bis[4-(B-epithiopropylthio)phenyl] sulfide,

bis[4- (B-epithiopropylthio)phenyl] sulfone,

4,4'-bis(B-epithiopropylthio)biphenyl, and compounds derived

from them by substituting at least one hydrogen of the

-
—

episulfide group therelin with a methyl group. One or more O:

mand

these may be used herein either singly or as combilned.
(0017]
If desired, the optical materials may contain some
additives such as UV absorbent, antioxidant, discoloration

inhibitor, and fluorescent dye for i1mproving thelr weather

reslistance. Also 1if desired, catalysts may be used for
improving the polymerization reactivity. For example, or-
ganic peroxides, azo compounds and Dbasic catalysts are
effective for improving the reactivity between the mercapto
group and the vinyl group. Organotin compounds and amine
compounds are effective for improving the reactivity between
the mercapto group or the  hydroxyl group and the
1so(thio)cyanate group.
(0018]

Using the novel thiol compounds of the 1invention, optical

materials can be produced, for example, according to the method

mentioned below.

15
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A uniform composition containing the above-mentilioned

polymerizable composition and other optilional additives 1is

first prepared, and this 1s cast into a glass or metal mold
combined with a resin gasket, and heated and cured therein,

according to a known method of casting polymerization. If

——

desired, the mold may be subjected to mold release or a mold

releasing agent such an acid phosphate ester may be added to

the composition, for facilitating good release of the molded
resin from the mold. The polymerization temperature varies
depending on the compounds to be used, but 1s generally from
-20°C to +150°C; and the polymerization time 1s from about 0.5
to 72 hours. After having been thus polymerized and released
from the mold, the polymer may be readily colored with an
ordinary disperse dye 1n water or 1n an organlc solvent. For
facilitating the dyeing, a carrier may be added to the dye
dispersion, or the dyeing bath may be heated. Though not
limited thereto, the thus—-obtalned optical materials are

especially favorable for optical products such as plastic

lenses.
(0019]

[Examples]

The invention 1s described more concretely with

reference to the followling Examples, which, however, are not
intended to restrict the scope of the invention. The physical

properties of the novel thiol compounds obtained 1in the

16
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Examples, and those of the polymers obtained in the followilng

Application Examples and Comparative Application Examples
were measured according to the methods mentioned below.

[0020]

<Physical properties of novel thiol compounds>

The refractive 1ndex (np) and the Abbe's number (vp) were

measured at 25°C with an Abbe's refractometer, DR-M4 manu-

factured by Atago Co., Ltd.

<Physical properties of polymers>

1) Refractive index (np) and Abbe's number (vp): Measured 1n

the same manner as above.

2) Appearance: Visually checked.

3) Heat resistance: Measured with a TMA analyzer manufactured

by Rigaku International Corporation. Corcretely, using a piln

o~

having a diameter of 0.5 mm, TMA of each sample was measured

g

under a load of 98 mN (10 gf) at a heating rate of 10°C/min.

From the peak temperature appearing in the chart, the heat
resistance was evaluated.
4) Transparency: Using a UV spectrometer, UV-330 manufactured
by Hitachi, Ltd., the 550 nm UV transmittance was measured,
from which the transparency was evaluated.

[0021]

Example 1:

Production example of 2,4,6-tris(mercaptomethyl)-1,3, 5~

trithiane (T1l) (the general formula (1) wherein n 1s 1)

17
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70 wt.% (v/v) sulfuric acid (100 ml) was bubbled with

hydrogen sulfide for 30 minutes at 0°C, to which was dropwilse

added 40 wt.% chloroacetaldehyde (17.5ml) at 0°C over 7.5 hours.

Sti1ll at the temperature, this was further bubbled with
hydrogen sulfide for 24 hours. The agqueous solution of the
upper layer was removed through decantation, and the residue

soluble 1n dichloromethane (150 ml) was washed with water (25

ml X 3 times), dried over anhydrous magnesium sulfate, and

filtered. The solvent was evaporated away, and a pale yellow

crude product (9.5 g) was obtained. The crude product was

washed with hexane (40 ml x 4 times), hexane/ether (6/1) (50

ml x 2 times) and hot hexane (30 ml x 2 times), and dried 1n

vacuum to obtain a white crystal,
2,4,6-tris{(chloromethyl)-1,3,5-trithiane (2.50 qg). To a

methanol (25 ml) solution of this compound (0.3 g, 1.06 mmoles)

was added a methanol solution (5 ml) of potassium hydroxide
(0.62 g, 11 mmoles) all at a time with vigorously stirring at

room temperature, and this was further stirred at room

temperature for 75 minutes. The reaction mixture was diluted

with water (30 ml), and extracted with dichloromethane (20 ml

x 5 times), and the resulting extract was dried over anhydrous

magnesium sulfate and filtered. The solvent was evaporated

away from the filtrate, and an vellow o01ly residue,

2,4,6-trimethylene-1,3,5-trithiane (150 mg) was thus obtained.

To a benzene (1 ml) solution of this compound (0.47 g) were
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added thloacetic acid (0.68 g) and azobisbutyronitrile (0.2

mg), and the mixture was stirred in an argon atmosphere at 60°C

for 2 hours. The solvent was evaporated away from the reaction
mixture to obtain a crude product of an S-~acetyvlated derivative.
To a THE (10 ml) solution of the crude product (4.02 g) was

added dropwlise an ether solution (12 ml) of 1.0 M lithiu-

maluminum hydride at 0°C. Then, this was stirred at room

Cemperature for 2 hours. The reaction mixture was acidified
wlith 1 N hydrochloric acid, and extracted with benzene, and
the resulting extract was washed with water until it became

neutral, followed by drying over anhydrous magnesium sulfate.

the benzene was evaporated away from the extract, and the

resulting residue was recrystallized from chloroform/methanol
to obtaln a crystal of
2,4,0-tris(mercaptomethyl)-1,3,5-trithiane (1.73 g) (m.p. =
42 to 46°C).

For 1identifylng its structure, the compound was analyzed
and 1ts data are shown below.

'‘H-NMR (solvent, CDCls; internal standard substance,

TMS): 01.7 (t, 3H), 62.82 (m, 6H), 64.37-4.63 (t,t,m, 3H).

IR (KBr tablet): 662, 740, 800, 860, 922, 1025, 1190,
1250, 1420, 2540 cm ‘.
[0022]

Example 2:

Production example of 2,4,6-tris(mercaptoethyl)-1,3,5-
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trithiane (TZ2) (the general formula (1) wherein n 1s 2)

A liquid product, 2,4,6-tris{(mercaptoethyl)-1,3,5-

trithliane was obtained in the same manner as 1n Example 1, for

which, however, was used chloropropanal 1n place of

chloroacetaldehyde. 1Its refractive 1ndex (np) was 1l.06&84, and

1ts Abbe's number (vp) was 32.4.

FFor identifying 1ts structure, the compound was analyzed
and 1ts data are shown below.

'H-NMR (solvent, CDCl;; internal standard substance,

T™S): 081.8 (t, 3H), 02.54 {(m, 6H), 02.78 (m, ©H), 04.33-4.54

(tft!mf 3H).

IR (KBr tablet): 664, 742, 808, 865, 925, 1036, 1197,
1255, 1422, 2536 cm .

[0023]

Application Example 1:

Production of optilical material made of prolymer

A mixture of T1 (0.2 moles) obtalned 1n Example 1,

m—xXvlylene dilsocyanate (XDI) (0.3 moles) and dibutyltin

dilaurate (DBTDL) (1 x 10 moles) was uniformly stirred at 50°C,

and cast into a mold of two glass sheets for lens production.

In the mold, the mixture was polymerized under heat at 60°C

for 10 hours, then at 90°C for 5 hours and then at 120°C for

3 hours to obtain a lens-shaped polymer. The physical
properties of the thus-obtailned polymer are given 1n Table 1.

As 1n Table 1, the polymer obtained in this Application Example
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1 was colorless and transparent. 1Its refractive 1index (np)

was extremely high as 1.71; 1ts Abbe's number (vp) was also

high as 36; and i1ts heat resistance (132°C) and transparency

(92 %) were excellent. Accordingly, the polymer obtalned was

favorable to optical materials.

10024 ]

Application Examples 2 to 5:

F

Production of optical materilal made of polymer

Lens—-shaped polymers were produced 1n the same manner

as 1n Application Example 1, for which, however, were used the

component A contalining the novel thiol compound of the

invention, the component B having iso(thio)cyanate and/or
vinyl groups, and the polymerization catalyst as 1n Table 1,
and the polymerization condition was sultably varied. Thelr
physical properties are given 1n Table 1. As in Table 1, the

polymers obtained in Application Examples 2 to 5 are also

colorless and transparent. Thelr refractive 1ndex (np) was

extremely high as from 1.68 to 1.76; their Abbe's number (vp)

was also high as from 35 to 38; and thelr heat resistance (99

o0

to 124°C) and transparency (89 to 94 %) were excellent.

[0025]

Comparative Application Example 1:

rh

Production of optical materlal made of polymer

As 1n Table 1, a mixture of 0.1 moles of pentaerythritol

p—

tetrakismercaptopropionate (PETMA), 0.2 moles of m—-xvylylene
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diisocyanate (XDI) and 1.0 x 10 *moles of dibutyltindichloride

(DBTDCIL) was uniformly stirred, and cast 1nto a mold of two

glass sheets for lens production. In the mold, the mixture

was polymerized under heat at 50°C for 10 hours, then at 60°C

for 5 hours and then at 120°C for 3 hours to obtalin a lens-shaped

polymer. Thephysical properties of the thus-obtainedpolymer

are given 1n Table 1. As in Table 1, the polymer obtained 1n

this Comparative Application Example 1 was colorless and

transparent (92 %), but its np/vp was 1.59/36, or that s, its

refractive index was low. In addition, 1ts heat resistance

(86°C) was inferior.

10026]

o

Comparative Application Examples 2 and 3:

Productilion of optical materilial made of polymer

Lens—-shaped polymers were produced 1n the same manner

as 1n Comparative Application Example 1, for which, however,
were used the materials as 1in Table 1. Their physical

properties are given 1n Table 1. As 1n Table 1, the polymer

of Comparative Application Example 2 had np/vp of 1.67/28, or
that 1s, 1ts np and vpwere both low. Though 1ts heat resistance

(94°C) was relatively good, 1t was discolored, and 1ts

transparency (81 %) was low. The polymer of Comparative

Application Example 3 had a relatively high vy of 36, 1t had

good weather resistance, and 1t was colorless and transparent

(89 ). However, its heat resistance (90°C) was not good, 1ts
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nnp was not so high as 1.70, and it was brittle.
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[0028]

(Abbreviations 1n Table 1)

T1: 2,4,0-Tris (mercaptomethyl)-1,3,5-trithiane
T2: 2,4,6-Tris (mercaptoethyl)-1, 3,5-trithiane
DMMD: 2,5-Bis (mercaptomethyl)-1,4-dithiane
TMP : 1,2,3-Trimercaptopropane
DMM Dimercaptomethane
XDI: m-Xylylene diisocyanate
DDP: 1,5-Diisocyanato-2,4-dithilapentane
DVB: Divinylbenzene
METI: 2-Methacryloxyethyl 1socyanate
HXDI : 1,3-Bis(1socyanatomethyl)cyclohexane
HMDTI : Bis (4-1socyanatocyclohexyl)methane
DBTDL: Dibutyltin dilaurate
ADVN: .Azobisdimethylvalerdhitrile
DBTDCL: Dibutyltin dichloride
PETMA : Pentaerythritol tetrakismercaptopropionate
TMB : 1,3,5-Trimercaptobenzene
BES: Bis (epithiomethyl) sulfide
TEA: Triethylamine
[0029]

F

[Advantage of the Invention]

The thiol compounds of the invention are novel compounds
that have three mercaptoalkyl groups bonded to the center

trithiane ring, and are favorable for starting materials for
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optical materials. The optical materials obtalned by using
the novel thiol compounds of the 1nvention have a high
refractlve 1ndex and a high Abbe's number, and have excellent
heat resistance and transparency. Therefore, they are

sultable for materials for optical products, for example, for

lenses such as those for spectacles and cameras, and also for
prisms, optlcal fibers, substrates for recording media such

as optical discs and magnetic discs, as well as for color

filters, IR-absorbing filters, etc.
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CLAIMS:

1. A thiol compound represented by the general

formula (1) :

S(CH2)n (CH2)nS

Y (1
s\r

(CHz)nSH

wherein n 1s 1 or 2.

2 . A method for producing a thiol compound repre-

sented by the general formula (1):

(CH»)SH

" )“YSY (1)
N

(CH2)nS
whereln n 1s 1 or 2,
comprising the use of 1,3,5-trithiane having a methylene or
vinyl group simultaneously at the 2,4, 6-positions thereof as
an lntermediate.

3. An optical product comprising a polymer obtalined by

using a component A contalning at least a thiol compound (al)

presented by the dgeneral formula (1):

27
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HS(CH»), (CH5)nSH

YS\( (1)

s\(s

wherein n 1s 1 or 2,

and a component B contalning at least one compound selected

from the group consisting of a compound (bl) having at least
two vinyl groups 1n one molecule, a compound (bZ2) having at
least two isocyanate groups and/or isothiocyanate groups in
one molecule, and a compound (b3) having at least one vinyl
group and at least one isocyanate group and/or isothiocyanate
group 1n one molecule.

4 The optical product according to claim 3, whereiln

the component A further contains a compound (aZ) having a
mercapto group and/or a hydroxyl group 1in one molecule, with
the total number of the mercapto group and the hydroxyl group
in one molecule belng 2 or more.

. The optical product according to claim 3, wherein

the polymer 1s a polymer comprising the component A and the

component B and having an episulfide compound further added

thereto.

o . The optical product according to any one of claims

3 to 5, wherein the optical product 1s a plastic lens.

28
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