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(57) ABSTRACT

A method for highly efficiently preparing high purity crys-
tals of 2-amino-2-[2-[4-(3-benzyloxyphenylthio)-2-chloro-
phenyl]-ethyl]-1,3-propanediol hydrochloride. The method
involves dissolving 2-amino-2-[2-[4-(3-benzyloxyphenyl-
thio)-2-chlorophenyl]ethyl]-1,3-propanediol in a mixed sol-
vent comprising a solvent in which its hydrochloride is
highly soluble and a solvent in which its hydrochloride is
less soluble, to prepare a solution of 2-amino-2-[2-[4-(3-
benzyloxyphenylthio)-2-chlorophenyl]ethyl]-1,3-propane-
diol; and then adding hydrochloric acid to the resulting
solution with stirring, to crystallize the hydrochloride of
2-amino-2-[2-[4-(3-benzyloxyphenylthio)-2-chloro-phenyl]
ethyl]-1,3-propanediol.
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1
METHOD FOR CRYSTALLIZATION OF 2-
AMINO-2-[2-[4-(3-BENZYLOXYPHENYLTHIO)-2-
CHLOROPHENYL]-ETHYL]-1,3-PROPANEDIOL
HYDROCHLORIDE

BACKGROUND ART

Hydrochloride of 2-amino-2-[2-[4-(3-benzyloxyphenyl-
thio)-2-chlorophenyl]-ethyl]-1,3-propanediol  (hereunder
referred to as the “compound of the present invention™) is a
compound having a substituted diaryl sulfide structure and
having an excellent immunosuppressive action and there has
been reported that the compound of the present invention is
effective for the treatment of the autoimmune diseases such
as chronic rheumatoid arthritis (see Patent Document 1).

Patent Document 1 discloses a method for the crystalli-
zation of the compound of the present invention which
comprises the step of crystallizing the compound through
the addition of an ethyl acetate solution of hydrochloric acid
to a methanol solution of the compound (see Example 36).
In addition, Patent Document 2 discloses a method for the
crystallization of the compound of the present invention,
which comprises the steps of adding a 6 mole/L. of hydro-
chloric acid to a solution of the compound of the present
invention in ethyl alcohol and then adding ethyl acetate to
the resulting solution (see Example 4). These methods are
ones in which hydrochloric acid is dissolved in ethyl acetate
and then the resulting hydrochloric acid solution is added to
a solution of the compound of the present invention in an
alcohol; or hydrochloric acid is added to an alcoholic
solution of the compound of the present invention and then
ethyl acetate is added to the resulting mixture.

Patent Document 1: WO 03/029205, Pamphlet;

Patent Document 2: WO 06/041019, Pamphlet.

DISCLOSURE OF THE INVENTION
Problems that the Invention is to Solve

The crystallization methods disclosed in these conven-
tional techniques suffer from such a disadvantage that fiber-
like crystals are immediately precipitated out of the solution
simultaneous with the addition of hydrochloric acid and that
the fiber-like crystals quickly and densely undergo agglom-
eration and they are thus converted into large crystalline
grains or masses. In this respect, the fiber-like crystals are
extremely dense to such an extent that the crystallization
system cannot be stirred at all even when one intends to stir
the system. For this reason, various problems arise such that
the resulting crystals can be removed from the crystalliza-
tion device with great difficulty and that the filtration effi-
ciency of the crystals is accordingly reduced. Moreover, the
crystals are agglomerated to such an extent that the resulting
agglomerated crystalline masses are free of any vacant space
and therefore, this in turn results in further disadvantages
such that impurities such as the solvent used are trapped
within the crystals and that the remaining impurities would
surely reduce the purity of the resulting crystalline product.
In this connection, it is a matter of course that the crystalline
masses can be converted into fine crystalline grains through
the pulverization of the masses. However, this method
would suffer from additional problems such that it requires
an additional step for pulverizing the crystalline masses, that
this may accordingly require extra steps accompanied by the
pulverization step and that the crystal-production efficiency
is greatly reduced in the preparation of a crystalline product
for the market.
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Accordingly, it is the present invention to provide a
method for the production of crystals, which permits the
production of crystals, of a compound, in the form of
crystalline particles having a small and relatively uniform
particle size through the crystallization and which permits,
as a result, the highly efficient production of the crystals
thereof having a low content of impurities.

Means for the Solution of the Problems

The inventors of this invention have conducted intensive
studies to solve the foregoing problems, have found that the
compound of the present invention can unexpectedly be
crystallized without being accompanied by the solidification
of the hydrochloride of the compound upon the crystalliza-
tion if the order of the addition of hydrochloric acid is
changed, and have thus completed the present invention.

Accordingly, the present invention relates to a method for
the crystallization of 2-amino-2-[2-[4-(3-benzyloxyphenyl-
thio)-2-chlorophenyl]ethyl]-1,3-propanediol hydrochloride,
which comprises the following steps:

(1) dissolving 2-amino-2-[2-[4-(3-benzyloxyphenylthio)-2-
chlorophenyl]ethyl]-1,3-propanediol in a mixed solvent
comprising a solvent in which the compound in the form of
the hydrochloride thereof is highly soluble and a solvent in
which the hydrochloride is less soluble to thus prepare a
solution of 2-amino-2-[2-[4-(3-benzyloxyphenylthio)-2-
chlorophenyl]ethyl]-1,3-propanediol; and then

(2) adding hydrochloric acid to the foregoing solution with
stirring to thus crystallize the hydrochloride of 2-amino-2-
[2-[4-(3-benzyloxyphenylthio)-2-chloro-phenyl]ethyl]-1,3-
propanediol.

BEST MODE FOR CARRYING OUT THE
INVENTION

The present invention will now be described in more
detail below.

The compound of the present invention is 2-amino-2-[2-
[4-(3-benzyloxy-phenylthio)-2-chlorophenyl]-ethyl]-1,3-
propanediol represented by the following chemical formula.
This compound has already been known and the compound
shows an excellent immunosuppressive effect and has been
recognized to be effective for the treatment of autoimmune
diseases such as chronic rheumatoid arthritis.

.

[Chemical Formula 1]

Cl

NH,

oy

In the method of the present invention, the compound of
the present invention is first dissolved in a mixed solvent.
The mixed solvent comprises a solvent in which the com-
pound of the present invention in the form of the hydro-
chloride thereof is highly soluble (a good solvent) and a
solvent in which the compound in its hydrochloride is less
soluble (a poor solvent). The good solvent comprises a
hydrophilic organic solvent and specific examples thereof
suitably used herein include methanol, ethanol, propyl alco-

OH

OH



US 9,493,410 B2

3

hol, isopropyl alcohol, butanol, t-butanol, acetonitrile and
propionitrile. On the other hand, examples of the poor
solvents suitably used herein are water, ethyl formate, ethyl
acetate, propyl acetate, ethyl propionate, diethyl ether, diiso-
propyl ether, and ethylene glycol dimethyl ether.

It is suitable that the amount of the mixed solvent to be
used is, for instance, not less than 20 times the mass of the
compound of the present invention and preferably 20 to 50
times the mass thereof.

In the mixed solvent, particularly suitably used therein
are, for instance, ethanol and isopropyl alcohol as the good
solvent; and ethyl acetate, water and isopropyl ether as the
poor solvent.

For instance, it is suitable that the mixing ratio of the good
solvent to the poor solvent (the good solvent/the poor
solvent ratio, by mass) ranges, for instance, from 1/4 to 1/1
and preferably 1/2 to 2/3. For instance, in case of a metha-
nol/ethyl acetate ranges, for instance, from 1/4 to 1/1 and
preferably 1/2 to 2/3. For instance, the ratio is particularly
preferably 2/3.

In the step (1) of the method according to the present
invention, the compound of the present invention is dis-
solved in a good solvent with heating, then a poor solvent is
added to the resulting solution, followed by the initiation of
the stirring of the mixture.

The compound of the present invention is suitably dis-
solved in the mixed solvent at a temperature ranging from 50
to 90° C. and preferably 60 to 70° C.

When dissolving the compound of the present invention
in such a mixed solvent, it is preferred to stir the mixed
solvent using a rotor (or a stirrer) or a rotating blade. In this
respect, however, the means for stirring the mixed solvent
usable herein may be a method for stirring the same through
shaking and a stirring method through the application of
ultrasonics. When stirring the mixed solvent using a stirrer
or a rotating blade, the stirring rate may be any one inasmuch
as it can be used in the usual crystallization process, but it
is preferably not less than 50 m/min and more preferably not
less than 100 m/min as expressed in terms of the tip speed.
The use of such a high speed stirring operation would permit
the formation of finer particulate crystals.

In the step (2), hydrochloric acid is added to the solution
of the compound of the present invention in a mixed solvent
with heating and under stirring. Thus, the compound of the
present invention in the form of the hydrochloride thereof
initiates crystallization.

The temperature required for the foregoing heating opera-
tion may arbitrarily be set at a level suitable for maintaining
the hydrochloride of the compound of the present invention
in its dissolved condition, but it is preferred to set the
temperature at a level preferably ranging from 50 to 90° C.
and more preferably 60 to 70° C. The stirring operation may
be the same as that discussed above in connection with the
step (1). In particular, if the temperature is reduced to a level
of not more than about 60° C., the compound of the present
invention is actively converted into its crystals.

In addition, the concentration of hydrochloric acid used
herein may be any one inasmuch as it can be sufficient for
converting the compound of the present invention into its the
hydrochloride, but it is suitable that the concentration
thereof preferably ranges from 1 to 12 mole/L and it further
preferably ranges from 3 to 6 mole/L.

In addition, the method of the present invention suitably
comprises, as the step (3), a step for cooling, with stirring,
the solution prepared in the step (2). The cooling tempera-
ture may arbitrarily be set at a level sufficient for actively
precipitating the hydrochloride of the compound of the
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present invention. It is suitable that the cooling temperature
ranges, for instance, from 0 to 30° C. and preferably 5 to 25°
C.

The crystals thus prepared are filtered off from the crys-
tallization system, then washed and finally dried.

The conditions for the stirring operation in the foregoing
optional step (3) and the cooling temperature used therein
are the same as those described above in connection with the
step (2).

In the foregoing washing step, any appropriate solvent
may arbitrarily be selected and used therein, but preferably
used herein is a mixed solvent comprising a good solvent
and a poor solvent and one specific example thereof pref-
erably used in the present invention is a mixed solvent
comprising ethyl acetate and ethanol.

The compound: 2-amino-2-[2-[4-(3-benzyloxyphenyl-
thio)-2-chlorophenyl]ethyl]-1,3-propanediol used in the
present invention can be prepared according to the method
disclosed in Patent Document 1 or 2.

Moreover, the resulting crystals of 2-amino-2-[2-[4-(3-
benzyloxyphenylthio)-2-chlorophenyl]ethyl]-1,3-propane-
diol hydrochloride may be formulated into a pharmaceutical
preparation by the addition, to the crystals, of any excipient
disclosed in WO 2007/043433 according to the method
likewise disclosed therein.

EXAMPLES

The present invention will now be described in more
detail with reference to the following Examples or the like,
but the present invention is not restricted to these specific
Examples or the like, at all.

Example 1

There was dissolved, in ethanol (purity: 99.5%; 42.0 mL),
6.00 g of 2-amino-2-[2-[4-(3-benzyloxyphenylthio)-2-chlo-
rophenyl]ethyl]-1,3-propanediol with heating (dissolution
temperature: 43° C.), and then 108 mL of ethyl acetate was
added to the resulting solution.

A 6 mole/L hydrochloric acid (2.48 mL) was introduced
into the foregoing solution at an inner temperature ranging
from 60 to 70° C., while stirring, with heating, the solution
at a tip speed of 157 m/min (stirring blade: 10 cm; number
of rotations: 500 rpm). After confirming the precipitation of
crystals (crystal-deposition temperature: 63° C.), the crys-
tallization system was stirred at an inner temperature rang-
ing from 60 to 70° C. for 10 minutes. Then, the crystalli-
zation system was cooled and stirred at an inner temperature
of not higher than 25° C. for 30 minutes. After filtering off
of the precipitated crystals, the crystals recovered through
the filtration were washed with 36.0 mL of a preliminarily
prepared ethanol (99.5%)/ethyl acetate mixed solvent (mix-
ing ratio: 1:1) and the liquid was subsequently removed. The
resulting crystals were dried under reduced pressure at a
predetermined temperature of 60° C. to thus give 549 g
(vield: 84.6%) of the hydrochloride of the compound of the
present invention.

In Example 1, the crystals were separated from the
crystallization system during the stirring operation in the
form of fine particles as compared with those prepared
according to Comparative Example 1 as will be detailed
below. FIG. 1 is an electron micrograph showing the fine
structure of the crystals prepared in an experiment according
to Example 1 and FIG. 2 is a photograph showing the
precipitated state of the crystals obtained through the crys-
tallization in an experiment according to Example 1. Thus,
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according to Example 1 of the present invention, fine
crystals having vacant spaces within the same can be
obtained by dissolving the compound of the present inven-
tion in a mixed solvent comprising a good solvent and a poor
solvent and finally adding hydrochloric acid and the com-
pound of the present invention (in the form of its hydro-
chloride) is crystallized in the form of finer particles.
Accordingly, unlike the conventional techniques, the present
invention never requires the use of any pulverization treat-
ment to obtain a desired product in a high efficiency.
Moreover, the resulting crystals have a high purity since they
are obtained in the form of fine particles.

Comparative Example 1
Method Disclosed in Patent Document 2

To 95.0 mL of ethanol, there was added 19.0 g (42.8
mmol) of 2-amino-2-[2-[4-(3-benzyloxyphenylthio)-2-chlo-
rophenyl]ethyl]-1,3-propanediol and then the resulting mix-
ture was stirred with heating at an external temperature
ranging from 50 to 60° C. to thus dissolve the compound in
the solvent. The solution was filtered off while it was still hot
and the precipitate was washed with 38.0 mL of ethanol. The
resulting filtrate was stirred with heating and there was
added, to the filtrate in a stroke, a mixed solvent comprising
3.92 mL (47.1 mmol) of hydrochloric acid and 3.92 mL of
purified water at an inner temperature of 60 to 70° C. After
the precipitation of crystals, the crystallization system was
stirred for 5 minutes, then 266 mL of ethyl acetate was added
thereto and the mixture was then stirred at an inner tem-
perature ranging from 50 to 60° C. for 10 minutes. The
system was cooled with stirring and further stirred at an
inner temperature of not higher than 25° C. for 30 minutes.
The crystals thus precipitated were filtered off and washed
with a mixed liquid comprising 28.5 mL of ethanol and 28.5
ml of ethyl acetate. The resulting crystals were dried while
blowing the air in through the same for 30 minutes (wet
crystals were crushed or triturated prior to the drying step
through air-blowing) and the drying through air-blowing
was then continued at 60° C. for 20 hours to thus obtain
white powder and white masses. The resulting product was
pulverized using a mortar and a pestle to thus give 193 g
(40.1 mmol, yield: 94%) of 2-amino-2-[2-[4-(3-benzyloxy-
phenylthio)-2-chlorophenyl]ethyl]-1,3-propanediol hydro-
chloride as white powdery crystals.

In Comparative Example 1, hydrochloric acid is not
added after the compound of the present invention is dis-
solved in a mixed solvent comprising a good solvent and a
poor solvent, but hydrochloric acid is added after the com-
pound of the present invention is dissolved in ethanol as a
good solvent and then ethyl acetate as a poor solvent is
added to the resulting mixture. For this reason, the hydro-
chloride of the compound rapidly undergoes crystallization
and the crystals thereof are thus obtained in the form of
dense masses. FIG. 3 is an electron micrograph showing the
fine structure of the crystals prepared in an experiment
according to Comparative Example 1 and FIG. 4 is a
photograph showing the crystalline forms of the crystals
obtained through the crystallization in an experiment
according to Comparative Example 1. The data as shown in
FIG. 3 clearly indicate that the crystallization method dis-
closed in Comparative Example 1 provides fibrous crystals
which are free of any vacant space within the same and
which are in a densely agglomerated state. In addition, the
crystals obtained in Comparative Example 1 are in a unified
mass as will be seen from FIG. 4.
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According to the crystallization method of Comparative
Example 1, various problems thus arise such that the crystals
obtained can be removed from the crystallization reactor,
with great difficulty, that when preparing a crystalline prod-
uct for the market, the method further requires the use of a
pulverization step and that impurities such as the solvents
used still remain within the crystals. Accordingly, the
method is inefficient and cannot provide a product having a
high purity.

INDUSTRIAL APPLICABILITY

As has been discussed above in detail, the present inven-
tion thus permits the effective production of highly pure and
fine crystals of 2-amino-2-[2-[4-(3-benzyloxy-phenylthio)-
2-chlorophenyl]-ethyl]-1,3-propanediol hydrochloride.

BRIEF EXPLANATION OF THE DRAWINGS

FIG. 1 is an electron micrograph showing the fine struc-
ture of the crystals obtained in an experiment according to
Example 1.

FIG. 2 is a photograph showing the condition of the
crystals obtained in an experiment according to Example 1.

FIG. 3 is an electron micrograph showing the fine struc-
ture of the crystals obtained in an experiment according to
Comparative Example 1.

FIG. 4 is a photograph showing the condition of the
crystals obtained in an experiment according to Comparative
Example 1.

What is claimed is:

1. A method for crystallization of 2-amino-2-[2-[4-(3-
benzyloxyphenylthio)-2-chlorophenyl]ethyl]-1,3-propane-
diol hydrochloride, comprising:

dissolving 2-amino-2-[2-[4-(3-benzyloxyphenylthio)-2-

chlorophenyl|ethyl]-1,3-propanediol in ethanol with
heating;

then adding ethyl acetate, resulting in a first solution; and

adding 1 to 12 mole/L. hydrochloric acid to the first

solution at a temperature of 50° C. to 90° C. while
stirring, resulting a second solution;

wherein after crystallization, a system is cooled at a

temperature from 0° C. to 30° C. while stirring, result-
ing crystals are filtered, washed with an additional
mixture of ethanol/ethyl acetate and dried under
reduced pressure, and the amount of the mixed solvent
ranges from 20 to 50 times a mass of said 2-amino-2-
[2-[4-(3-benzyloxyphenylthio)-2-chlorophenyl]ethyl]-
1,3-propanediol.

2. The method of claim 1, wherein the cooling includes
stirring the second solution at a tip speed of not less than 50
m/min.

3. A method for preparation of a composition for treating
an autoimmune disease comprising 2-amino-2-[2-[4-(3-ben-
zyloxyphenylthio)-2-chlorophenyl]ethyl]-1,3-propanediol
hydrochloride, said method comprising:

preparing crystals of 2-amino-2-[2-[4-(3-benzyloxyphe-

nylthio)-2-chlorophenyl] ethyl]-1,3-propanediol
hydrochloride according to the method of claim 1; and
adding a pharmaceutically acceptable excipient to the
crystals of 2-amino-2-[2-[4-(3-benzyloxyphenylthio)-
2-chlorophenyl] ethyl]-1,3-propanediol hydrochloride.

4. The method of claim 1, wherein the adding of the
hydrochloric acid is carried out at a temperature ranging
from 60 to 70° C.

5. The method of claim 1, wherein the hydrochloric acid
has a concentration ranging from 3 to 6 mole/L.
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6. The method of claim 1, wherein the cooling is carried
out at a temperature ranging from 5 to 25° C.

7. A method for preparation of a composition for treating
an autoimmune disease comprising 2-amino-2-[2-[4-(3-ben-
zyloxyphenylthio)-2-chloro-phenyl] ethyl]-1,3-propanediol 5
hydrochloride, said method comprising: preparing crystals
of 2-amino-2-[2-[4-(3-benzyloxyphenylthio)-2-chlorophe-
nyl] ethyl]-1,3-propanediol hydrochloride according to the
method of claim 5; and adding a pharmaceutically accept-
able excipient to the crystals of 2-amino-2-[2-[4-(3-benzy- 10
loxyphenylthio)-2-chlorophenyl] ethyl]-1,3-propanediol
hydrochloride.

8. The method of claim 4, wherein the hydrochloric acid
has a concentration ranging from 3 to 6 mole/L.

#* #* #* #* #*



