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Description

Title of Invention: METHOD FOR ACIDIFYING TEREPHTHA-

[1]

[2]

[3]

[4]

[5]

[6]

LYLIDENE DICAMPHOR SULFONIC ACID SALT
Technical Field

The present invention relates to a method for acidifying a terephthalylidene
dicamphor sulfonic acid salt, and more particularly, to a method for converting a
terephthalylidene dicamphor sulfonic acid salt to a terephthalylidene dicamphor

sulfonic acid in the presence of a cation exchange resin.

Background Art

Ultraviolet rays include ultraviolet ray A (320 to 400 nm) and ultraviolet ray B (290
to 320 nm), wherein the ultraviolet ray A occupies 90% or more of the ultraviolet rays.
Usually, exposure to the ultraviolet rays occur more frequently during the summertime,
for example, the ultraviolet ray B is well-known to be the main cause of erythema,
mild burns, etc., while the ultraviolet ray A is known to penetrate the skin and have an
effect on cells, and cause photoaging, skin allergy, and even skin cancer, etc. Ac-
cordingly, the ultraviolet ray A affects the skin regardless of the season, and thus, more
specific care is needed.

Almost all materials for organic sunscreen that are currently on the market are fat-
soluble, and have no solubility to water. Accordingly, cosmetics manufactured using
the materials for organic sunscreen that are currently on the market are disad-
vantageous in that when the cosmetics are applied to the skin, a sense of using is not
good. Further, inorganic sunscreens are poorly spread, and causes the skin to feel thick
when the sunscreens are applied thereto, which has a bad sense of using.

On the other hand, a terephthalylidene dicamphor sulfonic acid, which is known from
U.S. Patent Publication Nos. 4,585,597 and 5,698,595, is able to protect skin from the
ultraviolet ray A to prevent skin aging, and have high solubility to water. Thus,
cosmetics including the terephthalylidene dicamphor sulfonic acid have a good spread
property to produce products with good sense of using, and are easily washed, which
facilitates to maintain pure skin.

Further, the terephthalylidene dicamphor sulfonic acid is distributed as a 33%
aqueous solution as a water-soluble material for organic sunscreen which is able to be
produced in various formulations, and is also registered as a 33% aqueous solution.

A method for producing the terephthalylidene dicamphor sulfonic acid is known in
U.S. Patent Publication Nos. 4,585,597 and 4,588,839. As shown in Reaction Scheme
1 below, it is known that 2 moles of 10-dl-camphor sulfonic acid and 1 mole of tereph-

thalaldehyde are subjected to condensation reaction in the presence of a base to obtain
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a terephthalylidene dicamphor sulfonic acid salt, and the terephthalylidene dicamphor
sulfonic acid salt is acidified by using hydrochloric acid to obtain a terephthalylidene

dicamphor sulfonic acid:

[Reaction Scheme 1]

However, this acidification reaction corresponds to an equilibrium reaction as shown
in Reaction Scheme 2 below:

[Reaction Scheme 2]

4 M sl

Therefore, an excessive amount of acid should be used to achieve the acidification of
the terephthalylidene dicamphor sulfonic acid salt, which causes an increase in
production cost and requires a separate process for removing the acid used in an
excessive amount. In addition, another process for removing water-soluble salts such
as NaCl, which is produced as a by-product from the water-soluble terephthalylidene
dicamphor sulfonic acid is further required.

Further, even if a substantially excessive amount of acid is used, the acidification
reaction into the terephthalylidene dicamphor sulfonic acid is not completed. In other
words, according to the existing methods using general inorganic acids or general
organic acids, the acidification reaction process is also complicated, and it is eco-

nomically inefficient, and the terephthalylidene dicamphor sulfonic acid also has a
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very low yield.
Therefore, there is a need for research on a method for acidifying a terephthalylidene

dicamphor sulfonic acid salt including a simple and efficient reaction process.
Disclosure of Invention

Technical Problem

The present inventors researched an acidification reaction of a terephthalylidene
dicamphor sulfonic acid salt to solve the above-described problems, and completed the
present invention.

An object of the present invention is to provide a method for converting a terephtha-
lylidene dicamphor sulfonic acid salt to a terephthalylidene dicamphor sulfonic acid in

a very economical manner with high yield and high purity by a simple process.

Solution to Problem

In one general aspect, there is provided a method for converting a terephthalylidene
dicamphor sulfonic acid salt to a terephthalylidene dicamphor sulfonic acid with high
yield and high purity by a simple process, which is unlike the related art. The
conversion method of the present invention includes converting a terephthalylidene
dicamphor sulfonic acid salt represented by Chemical Formula 2 below to a terephtha-
lylidene dicamphor sulfonic acid represented by Chemical Formula 1 below in the

presence of a cation exchange resin:

[Chemical Formula 1]

in Chemical Formulas 1 and 2,

M is an alkali metal or N(R")(R?)(R*)(R#), and R! to R* are each independently
hydrogen or (C1-C7)alkyl;

R is (C1-C7)alkyl or (C1-C7)alkoxy; and

n is an integer of O or 1 to 4, and when n is 2 or more, R may be the same as or
different from each other.

In Chemical Formula 2 according to an exemplary embodiment of the present
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invention, M may be Na, and n may be O.
The cation exchange resin according to an exemplary embodiment of the present

invention may be an H-type cation exchange resin, and a sulfonated styrene-based
resin crosslinked with divinylbenzene, and may have an ion exchange capacity of 1 to
3 meq/ml.

The conversion method according to an exemplary embodiment of the present
invention may use an aqueous solution of terephthalylidene dicamphor sulfonic acid
salt in which the terephthalylidene dicamphor sulfonic acid salt represented by
Chemical Formula 2 is dissolved in water, and the aqueous solution of terephtha-
lylidene dicamphor sulfonic acid salt may be produced by using 500 to 1000 parts by
weight of water with respect to 100 parts by weight of the terephthalylidene dicamphor

sulfonic acid salt.

Advantageous Effects of Invention

According to the conversion method of the present invention, the terephthalylidene
dicamphor sulfonic acid salt is converted to the terephthalylidene dicamphor sulfonic
acid in the presence of the cation exchange resin. Therefore, a conversion rate is sig-
nificantly high even in the presence of a small amount of the cation exchange resin,
and thus, almost all amounts of the terephthalylidene dicamphor sulfonic acid salt are
acidified, and the produced salts are significantly easily removed.

Further, the conversion method of the present invention is able to obtain the tereph-
thalylidene dicamphor sulfonic acid in an aqueous solution state, and thus, it is easy to
obtain a 33% aqueous solution of terephthalylidene dicamphor sulfonic acid, which is
possible to be manufactured as products that are able to be immediately distributed
without separate processes.

In addition, the conversion method of the present invention is a significantly
economical and efficient method since almost all amounts of the terephthalylidene
dicamphor sulfonic acid salt are converted to the terephthalylidene dicamphor sulfonic
acid, and the used cation exchange resin is able to be recovered and reused.

Best Mode for Carrying out the Invention

The present invention provides a method for converting a terephthalylidene
dicamphor sulfonic acid salt represented by Chemical Formula 2 below to a terephtha-
lylidene dicamphor sulfonic acid represented by Chemical Formula 1 below in the
presence of a cation exchange resin:

[Chemical Formula 1]
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in Chemical Formulas 1 and 2,

M is an alkali metal or N(R")(R?)(R*)(R#), and R! to R* are each independently
hydrogen or (C1-C7)alkyl;

R is (C1-C7)alkyl or (C1-C7)alkoxy; and

n is an integer of O or 1 to 4, and when n is 2 or more, R may be the same as or
different from each other.

According to the conversion method of the present invention, almost all amounts of
the terephthalylidene dicamphor sulfonic acid salt may be converted by using the
cation exchange resin without using an inorganic acid or an organic acid which is the
conventional method, and even though a small amount of the cation exchange resin is
used as compared to the conventional method of using the inorganic acid or the organic
acid, the conversion method is a very economical method due to a high conversion
rate.

Further, salts that are produced as by-products may be easily removed, and thus, a
separate process for removing the salts is not required.

The conversion methods using the inorganic acid or the organic acid known in the art
commonly have problems in that excessive amounts of acids are required to be
removed and salts corresponding to the respective acids produced as by-products are
required to be removed. In addition, an acidification degree may vary depending on
kinds of acid used at this time, and accordingly, a content of terephthalylidene
dicamphor sulfonic acid is greatly deteriorated by the conventional methods using
general acids.

On the other hand, the conversion method for acidifying the terephthalylidene
dicamphor sulfonic acid salt to convert the terephthalylidene dicamphor sulfonic acid
salt to the terephthalylidene dicamphor sulfonic acid according to the present invention
uses the cation exchange resin, and thus, an excessive amount of acid is not required to
be used, a separate process for removing the salt is not required, and the terephtha-

lylidene dicamphor sulfonic acid is obtained in an aqueous solution state, thereby man-
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ufacturing a product that is able to be immediately distributed only when a con-
centration thereof is set to 33%.

In a specific embodiment, first, a column is filled with the cation exchange resin, and
then, the terephthalylidene dicamphor sulfonic acid salt dissolved in water is passed
through the column, almost all amounts of the terephthalylidene dicamphor sulfonic
acid salt are acidified even using only the cation exchange resin having an equivalent
ratio which is much smaller than a used amount of general inorganic acid or general
organic acid. In addition, the salts that are produced as by-products are easily removed,
and the terephthalylidene dicamphor sulfonic acid in an aqueous solution state is
obtained, and thus, a product that is able to be immediately distributed is manufactured
only when a concentration thereof is set to 33%.

Therefore, the conversion method of the terephthalylidene dicamphor sulfonic acid
salt to the terephthalylidene dicamphor sulfonic acid of the present invention is a sig-
nificantly efficient method since the process is very simple and the conversion rate and
purity are high.

The conversion method of the terephthalylidene dicamphor sulfonic acid salt to the
terephthalylidene dicamphor sulfonic acid using the cation exchange resin according to
an exemplary embodiment of the present invention may acidify the terephthalylidene
dicamphor sulfonic acid salt by adding the cation exchange resin to an aqueous
solution of terephthalylidene dicamphor sulfonic acid salt. However, preferably, the
terephthalylidene dicamphor sulfonic acid salt may be acidified by filling the column
with the cation exchange resin and then, passing the aqueous solution of terephtha-
lylidene dicamphor sulfonic acid salt, in view of an increase in yield, simplification of
the process, and economical efficiency.

Compounds represented by Chemical Formulas 1 and 2 described in the present
invention include all isomers in cis-trans forms, etc., with respect to each double bond.

(alkylj and (alkoxyj used in the present invention include both linear and
branched forms, and have 1 to 7 carbon atoms, preferably, 1 to 5 carbon atoms, and
more preferably, 1 to 3 carbon atoms.

The alkali metal, which is the M according to an exemplary embodiment of the
present invention may be any alkali metal within the scope recognized by those skilled
in the art. Examples of the alkali metal may include Li, Na, K, etc., and preferably, Na,
in view of a reaction efficiency.

The R according to an exemplary embodiment of the present invention may be
(CI1-C5)alkyl or (C1-C5)alkoxy, and preferably (C1-C5)alkyl, and n may be zero when
phenylene has no substituent.

The cation exchange resin according to an exemplary embodiment of the present

invention is obtained by binding a sulfonic acid group (-SO;H), a carboxyl group
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(-COOH), or the like, as an exchange group, to a basic polymer matrix having a
network structure, and exchanges cations such as Ca*, Na*, H+, etc. The cation
exchange resin may be a strongly acidic cation exchange resin or a weakly acidic
cation exchange resin, and preferably an H-type cation exchange resin capable of ex-
changing the cation of H*.

Specifically, the cation exchange resin according to an exemplary embodiment of the
present invention may include, as the matrix, a copolymer of divinylbenzene and
styrene or divinylbenzene and acrylate, or a tetrafluoroethylene polymer and include,
as the exchange group, a sulfonic acid or a carboxylic acid, and preferably, the sulfonic
acid. More preferably, the cation exchange resin may be a sulfonated styrene-based
resin crosslinked with divinylbenzene in view of a reaction efficiency.

Preferably, the cation exchange resin according to an exemplary embodiment of the
present invention may be the H-type cation exchange resin, and the sulfonated styrene-
based resin crosslinked with divinylbenzene, and may have an ion exchange capacity
of 1 meq/ml or more, preferably, 1 to 3 meq/ml, and more preferably 1.5 to 3 meq/ml.

The ion exchange capacity described in the present invention is measured as a
number equivalent of ions that may be exchanged, and may be expressed as a polymer
volume (an ion exchange capacity per volume, i.e., a volume capacity), and preferably
means a milliequivalent of an exchange capacity per a swelling volume of a wetted bed
(wetted polymer).

Specifically, when the cation exchange resin is filled in a column and used, the cation
exchange resin may have an amount corresponding to 2 to 6 times a volume ratio with
respect to a weight of the terephthalylidene dicamphor sulfonic acid salt, and may be
regenerated using dilute hydrochloric acid and used repeatedly. Regarding an elution
rate of the column, a reaction solution having an amount of 0.2 to 2 times per hour
with respect to a volume of the cation exchange resin filled in the column may be
passed.

All of the aqueous solution of terephthalylidene dicamphor sulfonic acid eluted from
the column may be concentrated to obtain a target compound, i.e., the terephtha-
lylidene dicamphor sulfonic acid, in a brown solid form. In addition, some of water in
the aqueous solution of terephthalylidene dicamphor sulfonic acid eluted from the
column may be distilled off, and quantified with 0.1 mol of potassium hydroxide to
produce a 33% aqueous solution, which is able to be manufactured as a ready-
to-market product.

Preferably, the conversion method of the present invention may use an aqueous
solution of terephthalylidene dicamphor sulfonic acid salt in which the terephtha-
lylidene dicamphor sulfonic acid salt represented by Chemical Formula 2 is dissolved

in water, and the aqueous solution may be produced by using 500 to 1000 parts by
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weight, and preferably 700 to 1000 parts by weight of water with respect to 100 parts
by weight of the terephthalylidene dicamphor sulfonic acid salt.

Hereinafter, the present invention is described in more detail with reference to the
following Examples, but the present invention is not limited by the Examples below.

[Example 1] Production of terephthalylidene dicamphor sulfonic acid

12 g (20 mmol) of disodium terephthalylidene dicamphor sulfonate was dissolved in
100 ml of water, and then, 200 ml (1.8 meq/ml) of a cation exchange resin, i.e.,
TRILITE SCR-BH (Samyang Corp.) was added and stirred at room temperature for 5
hours. The resin was removed by filtration, and the product was washed with 50 ml of
water. The water was removed by distillation under reduced pressure, and the resulting
solid was dried under reduced pressure to obtain 10.4 g (yield: 93.4%) of a terephtha-
lylidene dicamphor sulfonic acid in a brown solid form, as a target compound.

1 g of the solid that was precisely weighed was dissolved in 50 ml of water, and
titrated with 0.1 mol of potassium hydroxide solution (indicator: 1 ml of phe-
nolphthalein solution). Upon calibration with a blank test by using the same method, a
content of the terephthalylidene dicamphor sulfonic acid in an acidified solid form was
89.7%.

[Example 2] Production of terephthalylidene dicamphor sulfonic acid

Example 2 was performed in the same manner as in Example 1 except that 12.7 g of
dipotassium terephthalylidene dicamphor sulfonate was used, thereby obtaining 10.5 g
of terephthalylidene dicamphor sulfonic acid in a brown solid form, as a target
compound. A content of the terephthalylidene dicamphor sulfonic acid in the solid
form was 89.6%.

[Example 3] Production of terephthalylidene dicamphor sulfonic acid

Example 3 was performed in the same manner as in Example 1 except that 11.9 g of
diammonium terephthalylidene dicamphor sulfonate was used, thereby obtaining 10.4
g of terephthalylidene dicamphor sulfonic acid in a brown solid form, as a target
compound. A content of the terephthalylidene dicamphor sulfonic acid in the solid
form was 89.5%.

[Example 4] Production of terephthalylidene dicamphor sulfonic acid

20 L (1.8 meq/ml) of a cation exchange resin, i.e., TRILITE SCR-BH (Samyang
Corp.) was filled in a column. 4 kg (6.6 mol) of disodium terephthalylidene dicamphor
sulfonate dissolved in 28 L of water was eluted at a rate of 9 L/hr. The eluted product
was washed with 16 L of water to obtain a reaction solution, and water was removed
from the reaction solution by distillation under reduced pressure, and the produced
solid was dried under reduced pressure to obtain 3.6 kg (yield: 97%) of a terephtha-
lylidene dicamphor sulfonic acid in a brown solid form, as a target compound.

1 g of the solid that was precisely weighed was dissolved in 50 ml of water, and
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titrated with 0.1 mol of potassium hydroxide solution (indicator: 1 ml of phe-
nolphthalein solution). Upon calibration with a blank test by using the same method, a
content of the terephthalylidene dicamphor sulfonic acid was 99.9%.

'H-NMR(CD;0OD)o(ppm) : 0.83(s, 6H), 1.18(s, 6H), 1.61(m, 2H), 1.71(m, 2H),
2.32(m, 2H), 2.73(m, 2H), 2.98(d, 2H), 3.18(m, 2H), 3.48(d, 2H), 7.22(s, 2H), 7.59(s,
4H)

[Example 5] Production of 33% aqueous solution of terephthalylidene dicamphor
sulfonic acid

Only two-thirds of water was removed from the resulting liquid obtained after
practicing the same method as in Example 4 to obtain 10.7 kg of a brown aqueous
solution. Quantification was performed as the same as in Example 4 to confirm a
content, thereby obtaining a 33% aqueous solution of terephthalylidene dicamphor
sulfonic acid.

[Comparative Example 1] Acidification using hydrochloric acid

12 g (20 mmol) of disodium terephthalylidene dicamphor sulfonate was dissolved in
30 ml of water and 30 ml of concentrated hydrochloric acid (360 mmol). After
refluxing for 1 hour, the product was concentrated and cooled, and the resulting solid
was filtered. The filtered solid was washed with 6N hydrochloric acid, dried under
reduced pressure at 80, and dried under reduced pressure at 100 to obtain 7.02 g of a
solid.

1 g of the solid that was precisely weighed was dissolved in 50 ml of water, and
titrated with 0.1 mol of potassium hydroxide solution (indicator: 1 ml of phe-
nolphthalein solution). Upon calibration with a blank test by using the same method, a
content of the terephthalylidene dicamphor sulfonic acid in the solid acidified with hy-
drochloric acid was 33.6%.

[Comparative Example 2] Acidification using methanesulfonic acid

6.06 g (10 mmol) of disodium terephthalylidene dicamphor sulfonate was dissolved
in 50 ml of water, 17.29 g (180 mmol) of methanesulfonic acid was added and stirred
at room temperature for 2 hours. The reaction solution was concentrated, and water
was completely removed with 100 ml of toluene, using a Dean-Stark apparatus. A
solid produced by cooling was filtered, and the filtered solid was washed with toluene,
dried under reduced pressure at 80, and dried under reduced pressure at 100 to obtain
7.68 g of a solid.

Upon quantification as in Comparative Example 1 in consideration that sodium
methanesulfonate was included, a content of the terephthalylidene dicamphor sulfonic
acid in the solid acidified with methanesulfonic acid was about 22.5%.

[Comparative Example 3] Acidification using trifluoroacetic acid

Comparative Example 3 was performed in the same manner as in Comparative
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Example 2 except that 20.52 g (180 mmol) of trifluoroacetic acid was added after 6.06
g (10 mmol) of disodium terephthalylidene dicamphor sulfonate was dissolved in 50
ml of water, thereby obtaining 5.91 g of a solid.

Upon quantification as in Comparative Example 1 in consideration that sodium tri-
fluoroacetate was included, a content of the terephthalylidene dicamphor sulfonic acid
in the solid acidified with trifluoroacetic acid was about 7.5%.

[Comparative Example 4] Acidification using sulfuric acid

Comparative Example 4 was performed in the same manner as in Comparative
Example 2 except that 8.82¢g (90 mmol) of sulfuric acid was added after 6.06 g (10
mmol) of disodium terephthalylidene dicamphor sulfonate was dissolved in 50 ml of
water, thereby obtaining 6.44¢ of a solid.

Upon quantification as in Comparative Example 1 in consideration that sodium
sulfate was included, a content of the terephthalylidene dicamphor sulfonic acid in the
solid acidified with sulfuric acid was about 19.7%.

It could be appreciated that the conversion rate of the terephthalylidene dicamphor
sulfonic acid produced in Examples 1 to 4 was much higher than that of Comparative
Example 1. Further, Examples 1 to 4 did not require a separate process for removing
the salts, and thus, the process was simpler and the purity was higher than that of Com-
parative Example 1.

In addition, it could be appreciated that in Comparative Examples 2 to 4, the
conversion rate was low, and the terephthalylidene dicamphor sulfonic acid including
the salts corresponding to respective organic acid and inorganic acid was obtained, and
thus, the purity was low and the separate process for removing the salts was required.

In conclusion, it could be appreciated that the conversion method of the terephtha-
lylidene dicamphor sulfonic acid salt to the terephthalylidene dicamphor sulfonic acid
in the presence of the cation exchange resin of the present invention not only has a
higher conversion rate and a higher purity, but also has a simpler conversion process,
which is an economical and efficient method as compared to the conventional

methods.
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Claims
A method for acidifying a terephthalylidene dicamphor sulfonic acid

salt, comprising:

converting a terephthalylidene dicamphor sulfonic acid salt represented
by Chemical Formula 2 below to a terephthalylidene dicamphor
sulfonic acid represented by Chemical Formula 1 below in the presence

of a cation exchange resin:

[Chemical Formula 1]

in Chemical Formulas 1 and 2,

M is an alkali metal or N(R")(R2)(R*)(R#), and R! to R* are each inde-
pendently hydrogen or (C1-C7)alkyl;

R is (C1-C7)alkyl or (C1-C7)alkoxy; and

n is an integer of O or 1 to 4, and when n is 2 or more, R may be the
same as or different from each other.

The method of claim 1, wherein M is Na, and n is O.

The method of claim 1, wherein the cation exchange resin is an H-type
cation exchange resin.

The method of claim 3, wherein the cation exchange resin is a
sulfonated styrene-based resin crosslinked with divinylbenzene.

The method of claim 4, wherein the cation exchange resin has an ion
exchange capacity of 1 to 3 meq/ml.

The method of claim 1, wherein the method uses an aqueous solution of
terephthalylidene dicamphor sulfonic acid salt in which the terephtha-
lylidene dicamphor sulfonic acid salt represented by Chemical Formula

2 is dissolved in water.
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