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54) CYCLIC SULFIDE COMPOUND, POLYMERIZABLE
COMPOSITIONS FOR OPTICAL PRODUCTS AND OPTICAL
PRODUCTS FORMED THEREOF

(1)
HS SH

(57) The present imnvention provides a cyclic sulfide compound represented by a general formula (I) (see above formula)
(where R/ represents -CH»-CH»-, -CH»-CH»-CH»-, -CH»>-O-CH»-, -CH»-O-, or -CH»-5-). According to this invention,
a novel cyclic sulfide compound which gives high refractive index and high Abbe number can be obtained. The
polymerizable compositions for manufacturing optical products with this compound as their main component can be
readily molded into plastic lenses which give superhigh refractive indices and high Abbe numbers or those which give
high refractive indices and high Abbe number with low sp.grs. 1n addition thereto. The castings obtained from said
polymerizable compositions are useful as plastic lenses for glasses, manifesting optical uniformity and being excellent
in processability, transparency, and thermal, mmpact and light resistance. Further these polymerizable resin

compositions are usable preferably as such optical products as prisms, optical fibers, optical disc substrates, color
filters, or infrared absorption filters.

I*I Industrie Canada  Industry Canada
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ABSTRACT OF THE DISCLOSURE
The present invention provides a cyclic sulfide

compound represented by a general formula (I)

R? |
\/<>\/SH o
HS S

(where R' represents -CH,-CH,-, -CH,-CH,~-CH,-, -CH,-O-CH,-,
-CH,-0-, or -CH,-S-).

According to this invention, a novel cyclic
sulfide compound which gives high refractive index and high
Abbe nurﬁber can be obtained. The polymerizable
compositions for manufacturing optical products with this
compound as their main component can be readily molded into
plastic lenses which give superhigh refractive indices and
high Abbe numbers or those which give high refractive
indices and high Abbe number with low sp.grs. in addition
thereto. The castings obtained from said polymerizable
compositions are useful as plastic lenses for glasses,
manifesting optical uniformity and being excellent in
processability, transparency, and thermal, impact and
light resistance. Further these polymerizable resin
compositions are usable preferably as such optical products

as prisms, optical fibers,optical disc substrates., color

filters, or infrared absorption filters.
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TITLE OF THE INVENTION

A CYCLIC SULFIDE COMPOUND, POLYMERIZABLE COMPOSITIONS

FOR OPTICAL PRODUCTS AND OPTICAL PRODUCTS FORMED THEREOF

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a novel cyclic

sulfide compound, polymerizable compositions comprising it

for manufacturing optical products and optical products

obtained therefrom.
2. Description of the Prior Art

Plastic lenses, as compared with glass lenses,
have various advantages such as light in weight, hard to
crack, easy to mold and ready to dye and so on. These
characteristic features being appreciated, they have
recently established an important position as optical
materials.

Heretofore, what is generally used as resins for
lenses of eyeglass, prisms or optical .fibers etc. are
poly(methyl methacrylate), polycarbonate, poly(diethylene
glycol bisallylcarbonate) etc. Particularly, as lens
materials for glasses, poly(diethylene glycol
bisallylcarbonate) has most frequently been used because of
its excellent transparency, proc'essability,‘ surface

hardness and so on.

But because of its low refractive index (n, =
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1.50), lenses made from it for the correction of acute
myopia or hypermetropia should be thick and heavy, thus
raising problems that a plastic lens' advantage of being
light in weight is lost and also aesthetic appearance is
greatly impaired. For improving the above drawbacks, some
lens materials having higher refractive indices have been
proposed. Examples of compounds having refractive indices
of 1.60 or higher abound, especially among compounds
containing sulfur atoms (e.g. Japanese Patent Laid-Open
Publication Sho 59-87126, U.S.P. Nos. 468938 and 4780522,
Japanese Patent Laid-Open Publication Sho 63-150324 and 63~
199210, Hei 1-163701 and 1-242612, U.S.P. No. 5087758 and
E.P. No. 435306).

On the other hand, the market of plastic lenses
has developed along the course of nearly stepwise advances
by 0.05 in the refractive index, namely from the low index
of 1.50 through the middle index of 1.55 - 1.56 and the
high index of 1.60 - 1.61 to the superhigh index of 1.65 or
above, so that lens materials of the intermediate
refractive indices (e.g. 1.58) are not much demanded.
Optical products obtained by using the novel cyclic sulfide
compound of this invention are those classified as products
which have high or superhigh refractive indices.  An
important factor to be considered with materials of high

refractive indices is the Abbe number, which is the index



10

15

20

25

CA 02092282 1998-02-24

- 3 -
of chromatic dispersion. Generally, plastic lenses tend to
have lower Abbe numbers with increasing refractive indices.

Thus the chromatic dispersion becomes larger, tending to

produce a rainbow at the rim of each lens, and this causes
heavier fatigue of the eyes. Accordingly, it is important
to balance the refractive index with the Abbe number in
developing commercially useful lens materials. Thus lens

materials having high refractive indices and adequately

high Abbe numbers are sought. Besides the refractive
index and the Abbe number, important physical properties
that are demanded of plastic lenses are e.g. low sp.gr. for
obtaining lighter products, high thermal resistance
not to be deformed by the heat of dyeing or grinding,
high impact resistance to be less crackable and for
assurance of higher safety, and high light resistance to
avold yellowing by ultraviolet ray etc. Balances between
all of these physical properties is of importance. Lens
materials hitherto proposed including those of the
aforementioned prior art involved problems such that when
they were designed to have higher refractive indices, 1.60
or higher, they tended to give lower Abbe numbers, increase
in the sp.gr. or manifested degradation in their thermal,
impact and light resistance or dyeability.

The compound disclosed in E.P. No. 435306, having

an alicyclic structure with sulfide bonds, gives the lens
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with refractive index of the superhigh class and relatively
high Abbe number. However , its additlion polymerization
with alicyclic polyisocyanates vyielded lenses with
refractive indices of 1.62 which does not meet the market's
demand. Further blending with such an aliphatic polythiol
as pentaerythritol tetrakis(mercaptoacetate) made it
possible to adjust the refractive index to 1.60 (with the

Abbe number of 40), but deterioration of the thermal

resistance was notable.

SUMMARY OF THE INVENTION

The present 1inventors as a result of their
assiduous i1investigations found out the facts that the
cyclic sulfide compound represented by the undermentioned
general formula (I) has high refractive index and also high
Abbe number, that polymerizable compositions with said
compound as their principal component are excellent in
processability, and moldability, that optical products
obtained from said polymerizable compositions not only have
either superhigh refractive indices and high Abbe numbers
or low sp.grs. in addition to high refractive indices and
high Abbe numbers, but are also excellent in optical
uniformity, pr'ocessabj_lit,y , and thermal, impact and light

resistance, and that they are particularly quite suitable

as plastic lenses for use as glasses.

Thus the present invention provides a cyclic
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sulfide compound (A) represented by the undermentioned

formula:

R1
s L )
S

(where R! represents -CH,-CH,-, -CH,-CH,-CH,-, -CH,-O-CH,-,
-CH,-0-, or -CH,-S-).

The present invention also provides a
polymerizable composition for manufacturing optical
products comprising the aforementioned compound (A) and a

compound (B) represented by a general formula (II):

. (x’ %_rrﬂz_éxz) . (IX)

(where X' and X° may be mutually identical or different and

R3

represent -N=C=0, -N=C=S, -0-C-C=CH, (R’ denotes -H or

II
0

R4
-CH,), or -C=CH, ( R* denotes -H or -CH,); n' and n® may be
identical or different and represent integers of 1 - 5;
R’ designates an organic residue with number of carbon
atoms 2 - 25, respectively), and further provides a

polymerizable composition for optical products comprising

the compounds (A), (B), and a compound (C) represented by
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a general formula (III):

(v'-)-FnTRS—(—YZ) n, (I1II)

(where Y' and Y? may be mutually identical or different and

denote -SH or -OH; m! and m°’ may be mutually identical or

different and designate integers of 1 - 5; and R
designates an organic residue with number of carbon atoms
2 - 25, respectively) (however the compound (c) excludes
the compound (A)) and still further provides optical
products formed of copolymers of these compositions.

Throughout this Specification, iso(thio) cyanato
group refers to isocyanato group and isothiocyanato group;
(meth)acryloyloxy group, acryloyloxy group and
methacryloyloxy group; and iso(thio)cyanate, isocyanate and
isothiocyanate; and (meth)acrylate, acrylate and
methacrylate.

Representative examples of the compound (A)
include 2,5-bis(mercaptomethyl) tetrahydrothiophene, 2,6-
bis (mercaptomethyl) tetrahydrothiopyran, 3, 5-bis(mercapto-
methyl)-1,4-oxathiane, 2, 4-bis(mercaptomethyl)-1, 3-
oxathiolane and 2,4-bis(mercaptomethyl)-1,3-dithiolane.
DETAILED DESCRIPTION OF THE INVENTION

The compound (A) represent.ed by a general formula

(I) is synthesized in accordance with the reaction scheme
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(1) or (2) through compounds represented by the general
formulae shown in the reaction schema, which are designated
by (IV), (Vv), (vIi), (VIii), (IX) and (XI) (hereinafter
respectively referred to as compounds (1IV), (V), (VI),

5 (VII), (IX) and (XI)):

Reaction scheme (1):

R! R
JOUEN O
/ N T C! . Cl (a)

10 (IV) (V)
H,N NH,
- \[( oy H2N NH, NHy* CF
d Y
L T
(VI)
15 R! _
OH"/ H*
SENSEEEEEENEE HS\/C )\/SH (C)
S
(1)

(where R!' represents -CH,-CH,-, -CH,-CH,-CH,-, -CH,-0-CH,-,

20 —CHZ-Of , or -CH,-S-).

ﬂ.-?'

4
s
s
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Reaction scheme (2):

M-S RS

' Y R8O
Fﬁ)\/ Hal o R’O/J\/SY ? (d)
R70 ®
(VD)

(IX):
HS/\l/\ZH 7
(X) ;
SH HS\/(S SYR o)
0
(XD
OH-/ H* “ '
o s AN B
(1)

(where R®, R’, and R® designate alkyl, aryl or aralkyl
group; Hal, halogen atoms; M, alkali or alkali earth metal
atoms; and Z, oxygen or sulfur atom, respectively).

In the following, the respective reactions are
described in detail.

The reaction (a) is to form a compound (V) by the
reaction of sulfur dichlqride with a compound (IV), which
includes 1, 5-hexadiene, 1, 6-heptadiene, allyl vinyl sulfide,
allyl vinyl ether, and diallyl ether. The solvent used for
this reaction should preferably be hydrocarbons (e.gq.

pentane, hexane, benzene, toluene, etc.), halogenated

hydrocarbons (e.g. dichloromethane, 1,2-dichloroethane,
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etc.), ethers (e.g. diethyl ether, tetrahydrofuran, etc.),
and esters (e.g. ethyl acetate, etc.).

The amount of sulfur dichloride used should be
0.5 - 1.5 mol, preferably 0.7 - 1.2 mol, per 1 mol of the
compound (1IV). The reaction temperature of this reaction
should preferably be -30 to 50°C and more preferably
-20 to 30°C. At below -30°C, the reaction proceeds very
slowly, but at over 50°C, by-products notably increase. It
takes normally 5 - 50 hr for completion of this reaction.

The reaction (b) is to form a compound (VI), an
isothiuronium salt, by reacting the compound (V) and
thiourea. The solvent used for this reaction should
preferably be alcohols (e.g. methanol, ethanol, etc.),
water or aqueous alcohol. Normally, the reaction solution
is heated under reflux. The amount of thiourea used should
be 2 mols or more, preferably 2.0 - 2.4 mols, per 1 mol df
the compound (V). It takes normally 1 - 20 hr for
completion of the reaction.

The reaction (c) is to form the compound (A)
represented by the general fbrmula (I) through hydrolysis
of the compound (VI) with alkali. The reaction solvent
used should preferably be alcohols (e.g. methanol, ethanol,
etc. ), water or aqueous alcohol. The metal element used as
alkali for this reaction should preferably be alkali or

alkaline earth metal. Examples o0f preferable alkali
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include hydroxides (e.g. sodium hydroxide etc.), oxides
(e.g. calcium oxide etc.), hydrides (e.g. sodium hydride
etc.) and alkoxides (e.g. sodium methoxide etc.) of these
metals. Particularly, sodium hydroxide and potassium
hydroxide, which are highly reactive and low priced, are
preferable. The amount of alkali used should be 2 mols or
more, preferably 2.0 - 2.4 mols, per 1 mol of the compound
(VI). The reaction temperature should preferably be 50 -
100°C, at which the reaction is normally completed in 1 -
20 hr. After completing the reac.tion, the reaction
solution is neutralized by adding acid, thereby liberating
the compound (A). The acid used should preferably be
mineral acid (e.g. hydrochloric acid, sulfuric acid, etc.)
or organic acid (e.g. formic acid, acetic acid, etc.). The
acid should be added until the pH of the reaction solution
becomes 4 - 8, preferably 5 - 7.

The reaction (d) is to form a compound (IX) by
reacting compound (VII) react with thiocarboxylate (VIII).
Examples of compound (VII) include chloroacetaldehyde
dimethylacetal, bromoacetaldehyde diethylacetal etc.
Examples Cf thiocarboxylate (VIII) include potassium
thiocoacetate, sodium thiobenzoate etc., the amount of which
should be 1.0 mol or more, preferably 1.0 - 2.0 mols per 1
mol of compound (VII). The solvent for this reaction

should preferably be alcohols (e.g. methanol, ethanol,
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etc.), water or amides (e.g. N,N-dimethyl formamide, etc.).
The reaction temperature should preferably be 40 - 100°C.
Temperatures of over 100°C are not desirable, because
notable side reactions take ©place at such high

5 temperatures. It takes normally 1 - 20 hr for completion
of the reaction.

The reaction (e) is to form a compound (XI) by
reacting propanedithiol derivative (X) with the compound
(IX). The propanedithiol derivative (X) used should be

10 2,3-dimercapto-l-propanol or 1,2, 3-trimercaptopropane, the

amount of which should be 1.0 mol or more, preferably 1.0 -

2.0 mols, per 1.0 mol of the compound (IX). Because this

reaction is very slow without any catalyst, addition of

some acid catalyst is desirable. The acid catalyst used

15 should preferably be Lewis acids (e.g. boron trifluoride,

aluminum chloride, etc.) or mineral acid (e.g. hydrochloric

acid, sulfuric acid, etc.). The amount of the catalyst

should preferably be 1.0 mol or less, more preferably 0.05

- 0.5 mol, per 1 mol of the compound (IX). The solvent

20 used for this reaction should preferably be hydrocarbons

(e.g. hexane, toluene, etc.) or halogenated hydrocarbons

(e.g. dichloromethane, 1,2-dichlorocethane, etc.). It takes
normally 0.5 - 30 hr for completion of the reaction.

The reaction (f) is to form the compound (A)

25 represented by the general formula (I) through hydrolysis
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of compound (XI) with alkali under the similar conditions

as in the reaction (C). However, this reaction proceeds
more smoothly than the reaction (C), the ‘reaction
temperature should preferably be 0 - 70°C and a reaction

5 time of 0.5 - 5 hr is sufficient.

It should be noted that when treating the
compound (A) under basic condition in the reactions (c) and
(£f), the reactions should be run in a current of inert gas
such as nitrogen, argon etc. for suppressing formation of
10 disulfide by oxidation. The compound (A) thus obtained can
be isolated in high purity through such usual refining
means as solvent extraction, chromatography or distillation

and so forth.
The compound (B), another component of the
15 -~ optical resin of this invention, is the compound having in
its molecule two or more functional groups of at least one
kind of the following, which react with the mercapto groups
in compound (A), i.e. functional groups selected from a
group consisting of iso(thio)cyanato, (meth)acryloyloxy and
20 vinyl groups. Such compound (B) may be used singly or in
mixture, but they should preferably be selected so as to
provide castings having high refractive indices of 1.60 -
1.61 or superhigh refractive indices of 1.65 or higher to
meet the demand in the market of plastic lenses. In

25 general, with the compound (B) having aromatic rings,
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castings which give superhigh refractive indices of 1.65 or
higher may be obtained, while aliphatic or alicyclic type
of compound (B), castings which give high refractive
indices of 1.60 - 1.61 may be obtained. One of the
prominent features of the compound of this invention lies
in that by merely varying the type of the compound (B), the
refractive index of the resulting castings may be adjusted
to high (i.e. 1.60 - 1.61) or to superhigh (i.e. 1.65 or
higher) indices. This is quite advantageous in view of the
inevitable reduction of thermal resistance of the castings
using the compound of E.P. No. 435306 due to the existence
of aliphatic polythiol which is added for adjustment of its
refractive index.

The compound (C), another componeht which can be
used together with the compounds (A) and (B) in the optical
resins of this invention is a compound having in its
molecule two or more mercapto and/or hydroxyl groups in
total. Since the hydroxyl group among them reacts neither
with (meth)acryloyloxy nor vinyl group, no compounds having
hydroxyl groups only can be used as the compound (C), if
the polymerizable functional groups of the compound (B) are
(meth)acryloyloxy and/or vinyl groups only.

Actual examples of the preferable compound (B)
are listed as follows: Compounds having two or more

iso(thio)cyanato groups in their molecule include 1,6-



10

15

20

25

CA 02092282 1998-02-24

- 14 -
hexamethylene diiso(thio)cyanate, 2,2,4- or 2,4,4-
trimethylhexamethylene diiso(thio)cyanate, m-phenylene
diiso(thio)cyanate, 2,4- or 2,6-tolylene

diiso(thio)cyanate, m-xylylene diiso(thio)cyanate, a,a’-
dimethylxylylene diiso(thio)cyanate, a,a,a’',a’'-tetramethyl
xyvlylene diiso(thio)cyanate, 4 4'-diphenylmethane
diiso(thio)cyanate, 4 4'-diiso(thio)cyanato-3,3"'-
dimethylbiphenyl, 4,4'-diiso(thio)cyanato-3,3'-dimethyl
diphenylmethane, 1l,5-naphthylene diiso(thio)cyanate,
1,3,5~-benzene triiso(thio)cyanate, 4,4"'",4" ~
triiso(thio)cyanatotriphenymethane, isophorone
diiso(thio)cyanate, l1,3~-bis(iso(thio)cyanatomethyl)
cyclohexane, 1,3,5-tri(iso(thio)cyanatomethyl)
cyclohexane, 4,4'-dicyclohexylmethane diisO(thio)cyanate,
2,5-bis(iso(thio)cyanatomethyl )bicyclo[2.2.1]heptane, 3, 8-
bis(iso(thio)cyanatomethyl )tricyclo[5.2.1.0%7%], decané ’
etc.

Examples of compound (B) having in their molecule
two or more (meth)acryloyloxy or vinyl groups include
ethylene glycol di(meth)acrylate, 1l,4-butanediol

di(meth)acrylate, trimethylolpropane tri(meth)acrylate,

pentaerythritol tetra(meth)acrylate, 1,3~ or l,6,4-
cyclohexanediol di(meth)acrylate, 1l,4-cyclohexane
dimethanol di(meth)acrylate, p-xylylene glycol

di(meth)acrylate, bisphenol-A di(meth)acrylate, divinyl
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behzene, o-bis(vinylsulfonylmethyl )benzene, etc.

Examples of compound (B) having in their molecule
one or more iso(thio)cyanato group(s) and one oOr more
(meth)acryloyloxy or vinyl group(s) include 2-iso(thio)-
cyanatoethyl (meth)acrylate, 3- or 4-vinylbenzyl
iso(thio)cyanate, 3- or 4-vinyl-a,a-dimethylbenzyl
iso(thio)cyanate, 3- or 4-isopropenyl-a,a-dimethylbenzyl
iso(thio)cyanate etc.

Examples of the compound (C) used according to
this invention include 1,2-ethanedithiol, 1,2- or 1,3-
propanedithiol, 1,4-butanedithiol, 1, 6-hexanedithiol, 1,10-
decanedithiol, bis(2-mercaptoethyl )ether, 1,2-bis-(2'-

mercaptoethyloxy)ethane, bis(2-mercaptoethyl )sulfide, 1, 2-

"benzenedithiol, 3,4-toluenedithiol, 4 H-bis-

(mercaptomethyl )-o-xylene, 1,3,5-benzenetrithiol, m- or p-
xyvlylenedithiol, 1,3,5-tris(mercaptomehyl )benzene, 4,4'-

dimercaptobiphenyl, 3,3 '-dimethyl-4,4'-dimercaptobiphenyl,

ethylene glycol bis(mercaptoacetate), l,4-butanediol
bis(mercaptoacetate), trimethyvlolpropane
tris(mercaptoacetate), pentaerythritol tetrakis-
(mercaptoacetate), trimethylolpropane tris(B-
meraptopropionate), pentaerythritol tetrakis(B-
mercaptopropionate), 2-mercaptoethanol, 2-mercapto-1-
propanol, 3-mercapto-1,2-propanediol, 2,3-dimercapto-1-

propanol, 1,2,3-trimercaptopropane, dithioerythritol, 2-
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mercapto-4-methyl-5-(B-hydroxyethyl )thiazoline, p-
mercaptophenol, 2,2'-thiodiethanol, 2,2'-dithiodiethanol,
tetramethylene bis(B~hydroxyethylsulfide), 4,4"' -
thiodiphenol, ethylene glycol, 1,2-propylene glycol, 1,4
butanediol, 1, 6-hexanediol, diethylene glycol, triethylene
glycol, p-xylylene glycol, glycerine etc.

With regard to the amounts of compounds (A), (B)
and (C) used in the optical resins of this invention, when
the compound (B) has iso(thio)cyanato group(s) as the
polymerizable functional groups, the total mol number of
iso(thio)cyanato, (meth)acryloyloxy and vinyl groups in the
compound (B) should be 1 - 3 times, preferably 1 - 1.5
times, of the total mol number of mercapto groups in the
compound (A) or the total mol number of mercapto groups in
the compound (A) and mercapto and/or hydroxyl groups in the
compound (C). When compound (B) has (meth)acryloyloxy and
vinyl groups only, the total mol number of
(meth)acryloyloxy and vinyl groups in the compound (B)
should be 1 - 3 times, preferably 1 - 1.5 times, of the
total mol number of mercapto groups in the compOund (A) or
mixtures of compounds (A) and (C). The amount of the
compound (C) used should be the same or less, preferably
0.5 times or less, of the mol number of the éompound (A).
If the amount of compound (C) falls out of this range, the

characteristic features of high refractive indices and high
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Abbe numbers that the optical resins of this invention have
will be lost.

- When optical resins are molded by copolymerizing
mixtures of the aforementioned compounds (A) and (B) or
mixtures of the compounds (A), (B) and (C), sometimes some
catalysts are added for adjusting the rate of
polymerization. Particularly when copolymerization 1s
performed with the compound (B) having (meth)acryloyloxy or
vinyl group(s) without addition of any catalyst, the rate
of addition of the mercapto group to the double bond is
very slow. The suitable catalysts with compound (B) having
two or more iso(thio)cyanato groups, which accelerate the
reaction of iso(thio)cyanato group with mercapto or
hydroxyl group, are organic tin compounds (e.g. dibutyltin
dilaurate, tin di(Z2-ethylhexoate), dibuytyltin dichloride
etc.) and aliphatic tertiary amines (e.g. N,N,N',N'-
tetramethylethylenediamine, 1l,4-diazabicyclo-[2.2.2]octane
etc. ). The suitable catalysts with compound (B) having
(meth)acryloyloxy or vinyl group(s) are those which are
generally used in radical polymerization reaction. Actual
examples 1include peroxides (e.g. benzoyl peroxide,
diisopropyl peroxydicarbonate etc.) and azo compounds (e.g.
azobis(isobutyronitrile), azobis(2,4-dimethylvaleronitrile)

etc. ). When compound (B) has one or more iso(thio)cyanato

group(s) and one or more (meth)acrylovloxy group(s) or
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vinyl group(s), joint use of the aforementioned two types
of catalysts is preferable. The amount of such catalyst(s)
is not particularly limited, but normally 0.01 - 10 per
hundred resin (hereinafter abbreviated to PHR based on
weight). For satisfying the demands for various properties
or performances of the lens, small amounts of stabilizers,
ultraviolet absorbents, antioxidants, coloring agents,
internal demolding agents and so on may be added to the
optical resins of this invention as required.

Polymerization of the resins of this invention
may be carried out by +the hitherto-known casting
polymerization method. For example, compounds (B) and (A)
or these compounds with addition of the compound (C) are
mixed, some catalyst(s) and/or various additives are added,
if necessary, and the mixture is degassed under reduced
pressure; thereafter the mixture is poured into a pair of
glass or metal mold with resin gasket and the
polymerization 1s completed by gradually raising the
temperature. The temperature range of the polymerization
is not limited, but normally its range is -50 to 150°C.
The duration of polymerization is normally 0.5 - 72 hr,
preferably 20 - 40 hr, depending on the manner of
polymerization and the heat of polymerization.

The compound (A) of this invention gives high

refractive index and high Abbe number, because it has in
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its molecule two mercapto groups and one or two sulfide
groups, which are bonded not by an aromatic ring(s) but by
an aliphatic carbon chain(s). Because the compound (A) has
relatively small vapor pressure, the stink peculiar to
mercapto compounds is appreciably slight. Therefore the
workability in the manufacture of the resins and plastic
lenses comprising this compound (A) is quite good. In
addition, the compound (A), having 5~ or 6-membered ring
cyclic structure, 1is thermally stable which is easily
refinable by distillation. The copolymers of compounds (A)
and (B) or the copolymers of compounds (A), (B) and (C) not
only have the compound (A)'s characteristic features of
high refractive index and high Abbe number, but have such
excellent characteristic features as being transparent and
optically uniform. The compound (A) may be molded into
plastic lenses with superhigh or high refractive indices
merely by altering the type of the compound (B). This
leads to a great advantage that mixing-in of large quantity
of other components otherwise required for adjusting the
refractive index of the casting is circumvented for the
benefit of preservation of the excellent physical
properties peculiar to these products. They are excellent

also 1in thermal, impact and light resistance.

EXAMPLES

This invention is illustrated by the following
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Examples, but should not be construed to Dbe 1limited

thereto.

In the following Examples, various physical
properties of the compound of this invention and the
polymers derived therefrom were measured Dby the
undermentioned methods:

(1) Mass spectrometry (MS)

MS was measured with mass spectrometer "AX-505W"
of Nihon Denshi Co. Ltd. The sample was introduced by
direct introduction (DI) method, then ionized by electron

ionization (EI) method.

(2) Nuclear magnetic resonance spectroscopy ('H-NMR)

'H-NMR spectrum was measured with FT-NMR

spectrometer "GSX-270"( 270 MHZ ) of Nihon Denshi Co. Ltd.,
with chloroform-d as the solvent and tetramethylsilane as the

internal standard.

(3) Refractive ihdexﬂm(nD) and Abbe number (V)

A test piece of 10 X 20 x 3 mm of‘the casting or
a liquid film of compound (A) was prepafed. Its index of
refraction (n,) and Abbe number (v,) at 30°C were measured
using Abbe refractometer "3T" of Atago Co. Ltd. As the
contacting liquid, diiodomethane was used.
(4) Sp.gr. (d4d)

Using a test piece of 10 x 20 x 3 mm, the sp.gr.

was measured with "DENSIMETER D-1" of Toyo Seiki Seisakusho
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Co. Ltd.
(5) Yellow index (b¥*)

Using a test piece of 30 x 30 x 3 mm, yellow
index was measured with calorimeter "CR-300" of Minolta
Camera Co. Ltd. The value represents the yellow index (b%*)
of L*a*b* gystem of CIE (Commission Internationale de
l'Eclairage, Paris, 1976).

It is desired that the yellow index is closer to
zero. Practically less than 1.0 is preferable.

(6) Thermal resistance
l) Thermomechanical analysis (TMA)

TMA measurement was performed by using "TMA 120C"
of Seiko Denshi Co. Ltd., with a load of 10 gf applied on
a7 x 7 x 3 mm test piece of the casting and while raising
the temperature at a rate of 2.0°C/min. The softening
point was read from the point of inflection in the TMA
curve.

2) Vicat softening temperature (VST)

VST measurement was performed by using "HDT &
VSPT TESTER" of Toyo Seiki Seisakusho Co. Ltd., with a load
of 1.0 kgf applied on a 10 x 10 x 3 mm test piece of the
casting in silicone o0il, while raising the temperature at
a rate of 50°C/hr. The temperature when a needle-shaped

penetrator has penetrated into the test piece by 0.1 mm was

measured.
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(7) Impact resistance

Ten test sheets with 78 mm dia., 0.1 m radius of
curvature and 1.3 mm central thickness were prepared. A
steel ball weighing 16.2 g (10/16 inch dia.) was dropped On
the test sample from a level of 1.27 m (50 inch). The
outcome is shown as "good", when all ten sheets were not
broken, but "poor", if any one sheet was broken.

(8) Light resistance

A casting of 30 x 30 x 2 mm was irradiated for 1
month with a JAS (Japanese Agricultural Standard) specified
fadeometer (with a 1 mW/cm?’ UV intensity; and irradiation
wave length 320 - 390 nm). The yellowness of the test
sample was measured with calorimeter "CR-300" of Minolta
Camera Co. Ltd. When the value of yellowness tb*) of the
test sample was not more than twice the initial value, it
was scored as "good", and when larger than twice, it was
scored as "poor".

Example 1:

A 50 ml pentane solution of 35.2 g of 1,5-
hexadiene and a 25 ml pentane solution of 36.9 g of sulfur
dichloride were concurrently added dropwise into 625 ml of
pentane at the room temperature in 1 hr in such a way that
equimolar amount of each substrate is added and the mixture
was stirred at room temperature for further 12 hr. The

polymeric material which had precipitated was removed by
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decantation and filtration and pentane was removed under
reduced pressure. The residue was distilled under reduced
pressure, and a fraction with a b.p. of 102°C/3.5 torr was
collected to vyield 45.5 g of 2,5-bis(chloromethyl)

tetrahydrothiophene. Yield 68.6%.

Next, to a 200 ml ethanol solution of 37.4 g of
the above compound was added 32.8 g of thiourea and heated
for 6 hr under reflux. The precipitate was filtered off,
washed with ethanol, and dried to vyield 55.7 g of
isothiuronium salt. Yield 81.8%.

Subsequently, 55.7 g.of this salt was added to a
200 ml aqueous solution of 15.1 g of sodium hydroxide. The
solution was heated at 80°C for 4 hr, then neutralized to
PH 6 with 35% hydrochloric acid. The product was extracted
with dichloromethane and the extract was dried over
anhydrous magnesium sulfate, followed by filtration.
Dichloromethane was removed under reduced pressure. The
residue was distilled under reduced pressure and a fraction
with a b.p. of 126°C/3.5 torr was collected to vield 25.4
g of 2,5-bis(mercaptomethyl) tetrahydrothiophene. Yield
85.2%.

n, ='l.602
vV, = 36.7
MS:m/z = 180 (M")

‘"H-HMR: 8 ( ppm)
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1.63 (2H, s, -SH)
1.91 - 1.98, 2.10 - 2.16 (4H, m, -(CH,),-)
2.72 (4H, d, -CH,SH)
3.52 - 3.57 (2H, m, >CHS-)
Example 2:

A 25 ml dichloromethane solution of 33.0 g of
sulfur dichloride was added dropwise into a 675 ml
dichloromethane solution of 42.1 g of diallyl ether at ;15
C in 1 hr and subsequently the mixture was stirred at 0°C
for further 12 hr. Dichloromethane was removed under
reduced pressure. The residue was distilled under reduced
pressure, and a fraction with a b.p. of 100°C/1l torr was
collected to vyield 31.8 g of 3,5-bis(chloromethyl)-1,4-
oxathiane. Yield 49.3%.

Next, 29.8 g of this compound and 25.3 g of
thiourea were heated for 7 hr in 200 ml of ethanol under
reflux. The precipitate was filtered off and washed with
ethanol, followed by drying to vyield 40.5 g of
isothiuronium salt. Yield 77.3%.

Subsequently, 40.5 g of this salt was added to a
200 ml aqueous solution' of 13.1 g of sodium hydroxide.
This solution was heated at 80°C for 4 hr, and neutralized
to pH 6 with 35% hydrochloric acid. The product was

extracted with dichloromethane. The extract was dried with

over anhydrous magnesium sulfate, filtered, and
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dichloromethane was removed under reduced pressure. The
residue was distillecﬁ under reduced pressure and a fraction
with a b.p. of 131°C/1.5 torr was then collected, yielding
18.3 g of 3,5-bis(mercaptomethyl)-1,4-oxathiane. Yield
8l1.4%.

n, = 1.597

vV, = 37.9

MS:m/z = 196 (M")

'"H-HMR: & ( ppm)
1.64 (2H, t, J = 8.40 Hz, -SH)
2.65 (4H, dt, J = 8.40, 1.80 Hz, -CH,SH)
2.98 - 3.08 (2H, m, >CHS-)

3,43 (2H, dd, J = 11.60, 8.85 Hz -HCHO-)

4.23 (2H, d4dd, J 11.60, 3.34 Hz -HCHO-)

Example 3

A 15 ml ethanol solution of 11.5 g of thiocacetic
acid was added dropwise to a 170 ml ethanol solution of 8.5
g of granular potassium hydroxide and subsequently a 15 ml
ethanol solution of 20.1 g of bromoacetaldehyde diethyl
acetal was added dropwise. The mixture was then heated for
12 hr under reflux. Ethanol was distilled off under
reduced pressure, water was added and the oily substance
separated was extracted with ethyl acetate. The extract
was dried over anhydrous magnesium sulfate, filtered, and

ethyl acetate was removed under reduced pressure. The
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residue was then distilled under reduced pressure and a
fraction with a b.p. of 125°C/33 torr was collected to
vield 16.3 g of acetylthioacetaldehyde diethyl acetal.
Yield 78.8%.
Next, into a 60ml dichloromethane solution of 9.9

g of this compound were added 7.5 g of 1,2,3-trimercapto-
propane and 4 ml of boron trifluoride etherate at room
temperature and the mixture was then stirred for 1 hr. The
solution was washed with water and dried over anhydrous
magnesium sulfate, filtered, and dichloromethane was then
removed under reduced pressure. Subsequently, 100 ml of
methanol and 6.5 g of sodium hydroxide were added to the
residue and the mixture was stirred at room temperature for
30 min. After neutralizing the solution with dilute
hydrochloric acid, the product was extracted with
dichloromethane and the extract was dried over anhydrous
magnesium sulfate, and filtered. Dichloromethane was
removed under reduced pressure. The residue was then
distilled under reduced pressure and a fraction with a b.p.
of 134 - 138°C/0.5 torr was collected to yield 6.7 g of
2,4—bis(mercaptométhyl)—l,3-dithiolane. Yield 65.0%.

n, = 1.648

v, = 35.0

MS:m/z = 198 (M")

'H-HMR: 8 (ppm)
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1.64, 1.70 (1H(total), t(each), J 8.55 Hz, -SH)

8.55 Hz, -SH)

1.89, 1.90 (1lH(total), t(each), J

2.76 - 2.92 (4H, m, -CH,SH)

3.20 - 3.38 (2H, m, -SCHCH,S-)

3.83 - 3.88 (1H, m, -SCHCH,S-)

4.56, 4.63 (1lH(total), t(each), J = 7.02 Hz, -SCHS-)
Example 4:

1.82 g of 2,5-bis(mercaptomethyl)
tetrahydrothiophene obtained in Example 1 and 2.00 g of
1,3-bis(isocyanatomethyl Jcyclohexane were mixed. The
mixture was homogenized with 5.4 mg (0.14 PHR) of dibutyl

tin dilaurate added as a polymerization catalyst, further

well degassed under reduced pressure, thereafter put into
a glass mold with gasket and polymerized by heating in an
air oven. The temperature of the oven was raised from 40°C
to 60°C in 10 hr, bholding the system at 60°C for 4 hr,
again raising the temperature from 60°C to 120°C in 1 hr,
holding it at 120°C for 3 hr and cooling from 120°C to 60°C
in 2 hr. The physical properties of the casting obtained
in this way was summarized in Table 1. They clearly
indicate that this casting shows a high refractive index
and a high Abbe number and is excellent in transparency and

thermal, impact and light resistance.

Examples 5 ~ 15:

The cyclic sulfide compound (A) manufactured by
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the methods of Examples 1 - 3 and the compound (B) (and
compound (C)) shown in Tables 1 were mixed. Then these
mixtures were cast under the conditions similar to those of
Example 4, after adding optional polymerization catalyst
shown in Table 1. The physical properties of the castings
obtained in this way are shown in Table 1. These castings
all gave high or superhigh refractive indices and high Abbe
numbers, which are well balanced, and were colorless and
excellent in transparency and thermal, impact and light
resistance.

Comparative Examples 1 - 5:

The polymerizable compositions with optional
polymerization catalyst given in Table 2 were casted under
conditions similar to those of Example 4, and the
properties of the products are shown in Table 2. These
castings were unsatisfactory either in the refractive
index, the Abbe number, vyvellow index, thermal, impact or
light resistance, thus being clearly inferior to the
castings of this i1invention 1in the aspect of physical
properties. It should be noted that the composition of
Comparative Example 4 corresponds to the composition
disclosed in E.P. No. 435306.

According to this invention, a novel cyclic
sulfide compound with high refractive index and high Abbe

number can be obtained. Polymerizable compositions for
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optical products with these compounds as their main
component can be readily molded into plastic lenses with
superhigh refractive indices and high Abbe numbers or
plastic lenses with high refractive indices, high Abbe
numbers and low sp.grs. Moreover, the molds obtained from
said polymerizable compositions are wuseful as plastic
lenses for glasses, being optically uniform and excellent
in processability, transparency and thermal, impact and
light resistance. Further, these polymerizable resin
compositions are favorably usable for such optical products
as prisms, optical fibers, optical disc substrates, color

filters or infrared absorption filters etc.



02092282 1998-02-24

CA

AR I PN P ARl A e P e R TR F A R AR A A A R a AT E R R R R IR P P PRI R T PR R PN N R R R PR P PR NI A N P L P R B R R RN R A AN B RN R PR s e P P P A B A A R IR A T R A A P A I R F d A s Pl N A R A R R A A R IR R P P A B B A R A e g B R A A P AN P A P AN S R e P R A A A R I A P A A A S I R R R R A N e N A T I B R P E v a R A P P B P L BBt e R BN S e a P R R s s B T P e R T R P R R A P A I RN T PR B e PR R B PN R P P R A it A PN U I PR PR I R PR P AR P R AT R P PP R RTINS E O T R BNtV PN PPV VO NGRS SENB RS +E A OA P AR AP P O Y PO R e R aAGtn b b nn
-

L)
Al LAl AL bl Ll Al bbbl bl AL s AL Ll il Al bddd bl i bedibiddd bt ddddidbidtliddodbibidt bbb idbbbieii st bbbl ddsdidistddbodbdildlisiiddididtd ittt additdnbithdddibidd il d ittt idd bt bbb bhbbididtddiiiddihiitdiiiledietitddd i ddidibololede bbb id il d b idid sl il it bl ol adlebbdlelibde il boid el il id d il e el T N I R T L I N I I I I T I Yo T I T T

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo e R L L P

poob

3DURISTSOY
IUbTT

(YHd) bur
(Toun) 5

poob 66 GOT 6°0 9Z° T 93/ 09°T
poob L6 POT 8° 0 6C° 1 5% 09°T
poob G6 V0T 8°0 9Z° T 137 19°T
mu Nu ad ~ d
[OURI1STSaY o/ o/ £ P u
3oedwy  ISA VKL Xapul AlTaean Isqumpy Xapul :

MOTTISX OTJIToads 9qQqy 9ATIORIFSY

1sATered=0d (Toum) 5 (D) punodwod=)
(d) punodwod=g (Tounu) 6 (¥) punodwod=y
T sTdedL

(9T°0)6°S SPTIOTYDTP UTITAINQTAd d
| 91BURADOSTID
(9°0T)8L"T SUSTAUISWEX3y-9 '’ T g
SURTOTUITP-€'I-
(86°6)86°T (TAysuwoldedasw)sTg-bv ‘'z ¥ 9
(P1°0)9°9 O9}RINBTTP UTITAINTJ a
BUBRXIYOTDAD
(T°0T7)96°'1 {(TAUIBWOIRURADOST)STH-€'T g
SueTYlIexo-y’'1-
(86°6)96°T (TAylauwordedasu)sTg-6 ‘€ V¥ G
(YTI°0)¥V°S SIRINBTTP UTITAINgTIA d
SUBX3YUOTOAD
(€E°0T)00°Z (TAUDWORURADOST)STLE-€’T g
susaydoTuIoxpiyerlsi
(I°01)28°1T (TAyswoldedasw)sfg-G‘z Y %
. ON
a1durexy



02092282 1998-02-24

CA

(?T-0)6°6

(0"T)?PT"0

(8°0T)EE"T

(60°6)¥9°T

SPTIOTUDTP UTITAINATA
sauedoxdojrdesaswTIL-€’'Z ‘T

3IPUBADOSTTP auoxoydosT

susydoTyioapiyexisr
(1&yrswordeoasw) STEg-S ' 7

- AdAAdv e ."00.’.0.".l...'c..l...c'II..O.’C.Ill'.fl.l.llI.l'.II.IllII’t"lll.'...'i‘.‘.'.".l'lllll"tl.l'..t.l'.l..i....9."0.I!C.....cC...llll...l“l.C."....’.CC.C'IIIII.IIll.dlll!bl.!'f......0.."'.!’.!'.'!'.5!.(.".'...0."'..OOIQOQOD.ItOOOO'ODUI\ ................................................................................................................................................................
.................

(E°0T)EG"T

(86°6)86° T

9IBUBADOSTTP SUITATAX-uW

QURTOTUITP-£ ' T~
(TAyrswoydedasw) sTg-¥'7

,a AP E TN PR P AT T A A AT A P PP AP h T R A AN P S PR AP S P I NN AP AN AR PR Al R e RSt tAt il dad P RABE ettt T CE v IR P RO AR S PRI SR A N R IR I PRI PP A AR E NP SN ARSI ORI RN AR aN s b
oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

(ST°0)6°S

(T°0T)06°T

(T°01)86°1

9IRINBTTP UT3ITAINGTJ

DIRURADOSTIP SUSTATAX-uU

2UBTUIRXO-¥ ' 1-
(TAyrawoldedIsw) STE-G ‘€

v
b..t.t...h-'.'l’.0.!10.'."!.1"..“....l.'I-O‘tl!llt00'00.0’0.00000.0..0’...'0.0“""'.!.!l!0II..‘...J..0.0....6...".‘.'.’QcIO!CQOIIQI.0!0..00..'...0.0.'.'.'0.l.lI..Ol'.0"’0.0‘.....0.0'00!.!OQIQOCIl!l..'.“t.....l"....tl00.0 TEIIEAESTEEFASIEE AT RN AR R R LR R RAR Y AL LA LA R A2 R AR LR RREN R RL L LA R RLIERAL AL R RN AL E LAl Al AR ARl LAl Aldldll Al l Al Rl il NN R LENARL ERRE L LALELASERELERE AL Ad R R RNSRIEREPSRELL L IARERE RIERIS AR RN RLE L RERRERELETERATRN )

poObH

poob G8 06

SouelsITSay
IYDTI

(YHg) bu
(Touwr) b

soue1STSay  Jo/ | Jo/
1oedul LSA VYHL

6°0 81°1 IV 09°T
6°0 8E°1 T¢ L9°T
6°0 SE°1 £t G9°1
6°0 £€° T 4 G9°T |
d a
X3apul A1TARIS Ia2aqunN NOUGHW

MOTT®X ©OTFFoeds oqqy SATIORIIIY |

1siTeyed=a (Toum) 5 (D) punodwod=D
(g€) punodwod=g  (Tounm) b (¥) punodwod=y

(PpenuTiluoc)) 1 9TdelL

(GT°0)S°6S

(I°0T)06°T

(Z°0T)P8°T

91BINBTITP UTITAINAId

31BURADOSTTP SUDTATAX~W

susaydoTyloapiyerilan
(TAUsuwodeoasw) sTg-G ‘7

- ON
aTduexy



02092282 1998-02-24

CA

: ¥
AP RAAASFEIROP VSRSV ESRpRYTFRTEREERAbnddrhrind AAAROIPNTARSRAC POttt ettt AREGEOArRIRIYINS Tl R ISR SRR RN T NE I IS NY N YR T EY AR R 1 2 2 A 0 L 2 A 2 0 2 0 b2 & SHhAGARPRICUS R RIS AERRARNuAR P ARG r PR R R C O ATttt OO ORI OIYRDY YIETEIISIRAIFIASERT AR LA A R R A R A R L A b LAl A B LAd d B A d o shubttdada ...".C.’..ll’.{ ..................................................................................................................................................................

(9T°0)¥%°9

SPTIOTYDTP UTITAINGTA

Wna.avmﬂ.o ToTpPpaurdoxd~z ' T-01deOIBN-E

(L°0T)00°C

SIBUBADOSTIP SUITATAX-W

SUBTUIBXO-F ' T-
(TAyswoldedasu) STg-G ' €

(STTIITUOIDTRA
TAY2uTp-¥’'Z) STqOZY

3PTIOTUDTP UTITAINGIQ

S1eTAIDRUISWTI]
suedoxdToTAUYIsWTI],

BIRUBADOSTTP SUSTATAX-U

susydoTyiroIpiyeriay
(1Ayrswondeoasuw) sTg-S ‘7

- ON
aTdurexy

poob poob (/8 26 80 6T T GE 09°T : (LO"6)8L"T
(PP-0)P- LT
(2Z2°0)8°8
(ST €)LO"T
(86°6)S0°T
pook pook 80T  PTT 8" 0 9z° T 8¢ 29°T i (T°0T)EB"T
a d
SOUB]ISTSOY SOUEISTSSY mr\ mr\ e P u
TUOETT 7oedulI  ISA VYKL Xopul AqTARIH T9QqUMN X9pul |
MmoTT®X ©OTF3FToeds oqqy SAT3IORIFSY |
(4HJ) bHu 1siATeled=qd (Touru) b (D) punodwod=D
(Touut) b (g) punodwod=g (Tounwm) 5 (¥) punodwod=vy

(penuTiIUOD) T SICeRL



02092282 1998-02-24

CA

S PR P APRIAIE VAT UPCEIVINIPIIRNGTanpv g Ry Egngubudnva i dROtNQTanpPIaga 'Q.0...Q..Q.'.00Q.....Q...I0'..0......0.’.!’0....'"I..........QI...0'09.!lll”l.(.llll'!“..l.!.l...ll’l'.l.l..llbl.t...l'l.'l...l.'......‘.....l'.".'0....0.."’......0".....CCO....I.‘...IIDDI..I'Q ..............................................................................................................................................................
bl b d A J

(IZ°T)L"9S apTXxoxad TAozusg a

(TT°0)L"S 931eINBTTP UTITAINQTA d
91eTAIDR}8W

(0°€)9¥V°0 TAYy12071vURiD0OST~7 q
SUBXIYOTIAD

(¥6°6)E6°" T (TAUID2WOIRURADOST)STE-€'1 d

m BdUeTOTYITP-€ ‘1~
poob poob 68 €6 6°0 LT T Ob 09°T Mam.ﬁﬂvmm.m (TAyrswoldeoxaw) STE-% ‘2 "4 A
(69°0)0°8¢C OPTIOTUDTP UTITAINTA a
81RUBADOSTTI

(ZL°2)00° T sueyrswgAusaydyal-, ,v¥#’'.v’'¥ g

(Z6°S)TIT°T  91eURADOSTTP SUaTATLAX-wm g

SUBTUIeXO~-{ ‘ T—

poob poob  ZIT 92T 6°0 LE"T 0€ S9°T i (66°6)L6°T  (TAyyswoideoisw)sTg-G'€ V¥ €T
SOUR]STSB8Y oOURISTSIaY mr\ mr\ e P dn Ay W * ON
BT joedwI  ISA VKL  x9pul  X3TARID IaqumN Xopur | sTdurexy

MOTTSX OTIToods °qqy SAT3IORIIDY |

(YH4) bu 1sd1e1eD=0 (Tounr) 6 (D) punodwod=D
(Tounz) b5 (g) punodwod=gd (Tour) 6 (¥) punodwod=y
(penuUTIUOD) T STqel




02092282 1998-02-24

CA

'3 ¢ApPASTLSURNpPPRIITUNFPEISaAP T X I I I I A N I A T R R R N R X AT R R R S N TR E R AR R R N A RN R R R PR DR ANIN 2 A B NN J R iy a2z a2 R PR R AR RS R A R R LR AR R AR R R A RZ A A RS RRERY AR NI NE RS ERERSLIEEREANEEN ASERAL AR LERE R RSL RS RRRZS R TR TRESR R TA NSRRI AR AR R R TR REERT RS RE TR L L
.........................................................................................................................................

- (SY°0)6°LT

 (86°6)86°T

(STTIITUOISTRA
TAUIBWTP-¥‘Z) STAOZVY

91 TAIORUISWTIP
T00ATH susTAULH

(TAUylswoldeoaaswm) STd-y ‘7

poob poob 88 16 6°0 0E" T oY 09°T i (86°6)86°T
d ~ a
SOURISTSSY SDOUBISTSIY mr\ mw\ « P u
IYDTT 3odewI ISA VWL  X9pul A}TAaRID IDqUMN XopuT |
MOTT®X  OFJToeds aqqy SAT3IORIIFSY !
(YHd) bu 1sd1elred=qa (Touw) 5 (D) punodurod=)
(Tounu) 5 (g) punodwod=¢g (Tounr) 6 (¥) punodulod=v

(PenUTIUCD) T STdRL

L4 GT

- ON
oaTdwexd



02092282 1998-02-24

CA

PUCIIRNOGVNSITRAN ANt C Ausd P RAVIVSERALA ST OB ARAP S RFDERCCOURFATSASPROPIRRALLGr IR ROOdRIRILISARAREFRY RSN P AN AT IS C PO NS ARSI PN A RNANr duO Rt REet R LSRR BRI PIRERPTARLI LRSS E PR PAACANROOOET ORIV NP SO P APV AR RPN RRS SIS AN OOOOSCIIsVREVTEnAnAudanantn  Ne Rt R e Py e ARt A ses e T eT AN AT ATl At iR TR RN TRl ARSI IRE P AT AT AL AAETREA IO PRI IRERILSOTIITRSOTISITRARITLLATLLATSARSLIETIRIRIRDIESPEUOLERRLLIRIRLCSIETESGAnERCseTrronsnane

(YT°0)L"S @1RINBITP UTITAINQIA {
(Z°0T)66°T  ©31BURADOSTTP SUITATAX-W 4
AmumnOﬁmoumoummommE:nvmﬁxmnump
poob poob  ZL €L 0°T 9€° T 9¢€ 09°T : (ET°S)TIS"C ToYTayrhasejuagd d €
(TTIITUOISTRA
(66°0)9°6€ TAU3ISwWTpP-¥‘'Z)STqozy A
(9" PT)PS°T auazkis J
wﬁmﬁ.mvmw.m auedoxd (TAusydowoxqyp-S ‘€~
xood zood 98 00T T°1 BET 0€ 09° T ((AxoTAuir@ixoThoTAIdRUIdW-2) -%)STE-T'C 4 Z
91RrUOqIeD TP
(EP"¥) 10T Axoxsd1ddoxdosTIgd {
m 21rUOqIRD TATITESTq
poob xood  Gg €6 6°0 ZE'T 8G 0S°T: (8°9T)¥S"¥ T00&1b susTAyleTad 4 T
9 9 | an a :
30UB1STSIYy SBOURIYISTSOY o/ o/ « P u ON
1ubTI 1oedur ISA VWL  XopurT A1TAaRID xOqumy xmvcHw s1duexqd
MOTTSZA DT JToads 2qqVY w>ﬂuomuummw dATIRIRAWOD
(4Hd) bu 1sATered=0a
(Tounn) b quauoduiod aTqezTIdMATOd=d

Z 919l



02092282 1998-02-24

CA

cO.OIO“CIIDI-.l"..O"0..000.]!!'0.0600..QOCC.II!I‘llllt...l.’.l'!t..!’c.l'.lllll.l.0'...0’0'!l!tt.'t..l..l..a.d...l'.. L] l.‘t0'-Ol!lIII!O!00C0000Q'll!UO‘OOl!’000¢l00!..¢0-D000.0..l'l¢lUOIOOOOOOICIIOQCQOIl....‘.Ol’il'!."-!.oucill!.l!ll...lOt(.. AP rUR P P AN EERNS At Pt An FPACIRPINRe st it bR lii ettt 4diN s an I RENUEEREprt it R v el trP P NRREaRENaAl v s tat e P e n et IR ddniantdinadRAt ittt aliiAIntEtRtitatTAtubbRtcitat I ROLLERARnttadTatRRACITRERARESS
-

(G°TIT)91°Z  ©°3euriDOSTTP SUSTATAX-wW d

poos poob  ZL LL 1% g€ " T 82 99°T ; (S°TI)¥6°T [OTU3ITP SUuaTATAX-w g S
(ET°0)E"S SPTIOTYDTP UTITAINATd T
DURXIBYOTDAD
(0°01)S6° 1T (TAUIBWOIRURADOST)STH-£'T d
(9 el30e01dedsIsu) STYXRI 9%
(0°2)S8°0 To1TIqILIovruagd
. w QUBRTUITP-§ ‘T-
poob poob  yL GTT 6°0 I€°T 0¥ 09°T | (56°6)9Z"T (TAyrswoldesaaw)stg-g‘z d P
) d d
20UB4STSaY ©9OUBISTSAH  Jo/  Jo/ «q P u * ON
1yb11 1oeduwy ISA VWL 2 X9pul £1TARID I9qUMN Xopur ; . adurexd
MOTT9X o5 TIToads aqqy ©ATIORIISY | aaTrexedwo)
(§4Hg) bu 1s&Teled=a
(Tounz) b qusauodwod 9TqeZFIBWATO4d=d

(penuTiuUO))) T STqel



10

15

20

25

CA 02092282 1998-02-24

- 37 -
What is claimed is:
1. A cyclic sulfide compound represented by a general
formula (I):

R1

s L e

S
(where R! represents -CH,-CH,-, -CH,-CH,-CH,-, -CH,-O-CH,-,
-CH,-0-, or -CH,-S-).
2. The cyclic sulfide compound according to Claim 1,

wherein the compound represented by the general formula (I)
is 2,5-bis(mercaptomethyl) tetrahydrothiophene.

3. The cyclic sulfide compound according to Claim 1,
wherein the compound represented by the general formula (I)
is 3,5-bis(mercaptomethyl)-1,3-oxathiane.

4. The cyclic sulfide compound according to Claim 1,
wherein the compound represented by the general formula (I)
is 2,4-bis(mercaptomethyl)-1,3-dithiolane.

S. A polymerizable composition for manufacturing optical

products comprising the compound (A) represented by the
general formula(I) according to Claim 1 and a compound (B)

represented by a general formula (II):

(x’—)FRZ—(-x?-) . - an

(where X' and X* may be identical or different and represent
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R3

-N=C=0, -N=C=S, -0-C-C=CH, (R’ designates -H or -CH,;) or

||
O
R

—C=CH, (R*! denotes -H or -CH,;), n' and n’ may be identical

or different and represent integers of 1 - 5; R® designates

an organic residue with number of carbon atoms 2 - 25,
respectively).
6. A polymerizable composition for manufacturing optical

products comprising the compound (A) according to Claim 1,
the compound | (B) according :.to Claim 5 and a compound (C)

represented by a general formula (III):

(Y‘-)m—1}:{5__.(_y2) mz (III)

(where Y! and Y? may be mutually identical or different and

2 may be mutually identical or

denote -SH or -OH, m' and m
different and designate integers of 1 - 5; R’ designates an
organic residue with number of carbon atoms 2 - 25,
respectively), the compound (C) excluding the compound (A).

7 . The polymerizable composition according to either

Claim 5 or 6, wherein the compound (B) is any of alicyclic
compounds with one or more rings, or their mixtures.

8. The polymerizable composition according to Claim 7,

wherein the compound (B) is any of compounds having a
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cyclohexane ring(s) or their mixtures.

9. The polymerizable composition according to Claim 8,
wherein the compound (B) 1is 1,3-bis(isocyanatomethyl)
cyclohexane or isophorone diisocyanate.

0 10. The polymerizable composition according to Claim 5 or
6, wherein the compound (B) is any of compounds having an
aromatic ring(s) or their mixtures.

11. The polymerizable composition according to Claim 10,
wherein the compound (B) 1is m-xylylene diisocyanate,

10 a,a,a’',a'-tetramethylxylylene diisocyanate, 4 4' 4" -
triphenylmethane triisocyanate or 3-isopropenyl-a, a-
dimethylbenzyl isocyanate.

12. The polymerizable composition according to Claim 5 or
6, wherein the compound (B) is any of aliphatic compounds

15 or their mixtures.

13. The polymerizable composition according to Claim 12,
wherein the compound (B) is 1, 6-hexamethylene diisocyanate,
2-isocyanatoethyl methacrylate, ethylene glycol
dimethacrylate or trimethylolpropane trimethacrylate.

20 14. The polymerizable composition according to Claim 6,
wherein the compound (C) is any of aliphatic compounds or
their mixtures.

15. The polymerizable composition according to Claim 14,
wherein the compound (C) is 1,2,3-trimercaptopropane, 3-

25 mercapto-1, 2-propanediol, 2,3-dimercapto-l-propanol,
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glycerine, trimethylolpropane tris(mercaptoacetate),
pentaerythritol tetrakis(mercaptoacetate), trimethylol

propane tris(pB-mercaptopropionate) or pentaerythritol
tetrakis(B-mercaptopropionate).

16. The polymerizable composition according to Claim 6,
wherein the compound (C) is any of compounds having an
aromatic ring(s) or their mixtures.

17. The polymerizable composition according to Claim 16,
wherein the compound (C) is m-xylylenedithiol, 1,3,5-
tris(mercaptomethyl )benzene or p-xylylene glycol.

18. Optical products formed by copolymerizing the
polymerizable composition mentioned in any of Claims 5 to
17.

19. Optical products mentioned in Claim 18, wherein the

optical products are plastic lenses.
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20. A process for producing a cyclic sulfide compound
represented by the formula (I) as defined in c¢laim 1, which

comprises:

alkali hydrolysis of a compound of the formula:

CO"H.NT  NH 0~

[ +
R H.-N NH_, C
2 \QE’ 2//. waﬁ' 2 (VI)
\/\S S

(wherein R1 is as defined in claim 1)
with at least 2 moles {(per mole of the compound (VI)) of an alkali
metal or alkaline earth metal hydroxide, oxide or hydride 1n

water, alcohol or aqueous alcohol solvent at a temperature of 50

to 100°¢C.

21. The process according to claim 20, wherein the compound
(VI) is produced by:

reacting sulfur dichloride with a compound of the formula:

.
AN
(IV)

(wherein R1 has the meaning given 1in c¢laim 20)

in a reaction inert solvent at a temperature of -30 to +50°¢C to

form a compound of the formula:
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R1
CQ&V/)<: :>L\v//UL
S (V)

(wherein R1 has the meaning given in claim 20), and

reacting the compound (V) with at least 2 moles of thiourea

in water, alcohol or aqueous alcohol solvent.

22. A process for producing a cyclic sulfide compound

represented by the formula (I) as defined in claim 1 wherein Rl is

—CH2-O- or -CH2-S—, namely a compound of the formula:

7
HS SH

(wherein 7 is oxygen or sulfur atom), which process

comprises:

hydrolysis of a compound of the formula:

£ 8 (XT)
H&\V/Z:;;>\¢/S\m//R
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(wherein Z is as defined above and R8 is alkyl, arvyl or

aralkyl) with at least 2 moles of an alkali metal or alkaline
metal hydroxide, oxide or hydride in water, alcohol or aqueous

alcohol solvent at a temperature of 0 to 70°¢C.

23. The process of claim 22, wherein the compound (XI) is

produced by:

reacting a compound of the formula:

60

//L\N//Hai (VII)
R’ 0

(wherein R6 and R8 are each alkyl, aryl or aralkvyl; and
Hal i1is halogen)

with at least 1 mole of a thiocarboxylate of the formula:

\\ﬂ// (VIII)

(wherein R° is as defined in claim 22, and M is an alkali or
alkaline earth metal atom) in an alcohol, water or amide solvent

at a temperature of 40 to 100°C, to form a compound of the

formula:
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(IX)

(wherein the symbols have the same meanings as defined
above), and
reacting the compound (IX) with at least one mole of a

propanedithiol derivative of the formula:

(X)

T

SH

(wherein Z is as defined in claim 22)
in the presence of at least one mole (per mole of the compound

(IX)) of a Lewis or mineral acid in an inert solvent.

24 . The optical products of claim 18, which have a

refractive index of from about 1.60 to about 1.65.

FETHERSTONHAUGH & CO.
OTTAWA, CANADA

PATENT AGENTS



(I)



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - claims
	Page 40 - claims
	Page 41 - claims
	Page 42 - claims
	Page 43 - claims
	Page 44 - claims
	Page 45 - claims
	Page 46 - claims
	Page 47 - abstract drawing

