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aripiprazole hydrate was identical to the powder x-ray
diffraction spectrum of aripiprazole hydrate presented
at the 4th Joint Japanese-Korean Symposium on Isolation

Technology.

Reference Example 4

Preparation of 15 mg tablets containing type
I crystals of aripiprazole-anhydride obtained in
Reference Example 2.

Type-I crystals of aripiprazole .anhydride
(525 g), lactose (1,985 g), corn starch (350Ag) and
crystalline cellulose (350 g) were charged in é
fluidized bed granulating dryer (Flow coater FLO-5,
manufactured by FREUND INDUSTRIAL CO., LTD.), and these

granulating ingredienté were mixed by fluidizing for

‘about 3 minutes with an inlet air temperature at 70°C

and air flow rate of 3 m’/min. Further, the granulating
ingredients were upon continued fluidizing under the
same condition and sprayed about 1,400 g of the aqueous
solution to obtained wet granules. The wet granuiles
were dried under inlet air at temperature at 80°C, for
about 15 minutes. The obtained dried granules
contained 4.3% of water. (Yield: 98%). The dried
granules were subjected to sizing by passing to a sieve
of 710 pm.

About 1% by weight of magnesium stearate was
added to the sized granules and mixed, then the

graﬁules were supplied to a tablet machine (Rotary
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single tablet press 12HUK: manufactured by KIKUSUI
SEISAKUSHO CO., LTD.), there were obtained tablets,
each having 95 mg of weight.
Water content of the tablets was measured

5 according to volumetric titration method (Karl-Fischer
method) described in water content measuring method in
Japanese Pharmacopoea or the electrical quantity

titration method.

10 Water content measuring method:

Sample (0.1 to 0.5 g) (in case of a tablet, 1
tablet was used) was weighed precisely, and the water
content was measured by use of a water content
measuring eqguipment.

15 Volumetric titration:
Automated water content measuring equipment
Model: KF-06 (manufacture by MITSUBISHI CHEMICAL
CORP.)
Electrical quantity titration method:
20 Automated micro-water content measuring equipment
Model: AQ-7F (manufactured by HIRANUMA SANGYO

CO., LTD.)

Automated water vaporization equipment Model:

LE-20S (manufactured by HIRANUMA SANGYO CO.,

25 LTD.)
Heating temperature: 165*10°C

Nitrogen gas flow rate: about 150 ml/min.
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Reference Example 5

Preparation of 15 mg tablets containing type

B crystals of aripiprazole\anhydride
Type B crystals of aripipraole‘hnh¥g;;;;>

(4,500 g), lactose (17,100 g), corn starch (3,000 g)
and crystalline cellulose (3,000 g) Qere charged in a
fluidized bed granulating dryer (NEW-MARUMERIZER Model:
NQ-500, manufactured by FUJI PAUDAL CO., L1TD.), and
these granulating ingredients were mixed by fluidizing
for about 3 minutes with an inlet air temperature at
70°C, air flow rate of 10 to 15 m?*/min. Further, the
granulating ingredients were upon continued fluidizing
under the same condition, and sprayed about 12,000 g of
5% agueous solution of hydroxypropyl celulose to
obtained wet granules. The wet granules were dried
under inlet air at temperature at 85°C, for about 28
minutes. The thus obtained dried granules contained
3.8% of water {(measured by the method according to
Reference Example 4). (Yield: 96%). The dried
granules were subjected to sizing by passing to a sieve
of 850 um.

About 1% by weight of magnesium stearate was
added to the sized granules and mixed, then the
granules were supplied to a tablet machine (Rotary
single tablet press 12HUK: manufactured by KIKUSUI

SEISAKUSHO CO., LTD.), there were obtained tablets,

each having 95 mg of weight.
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Example 1

500.3 g of the aripiprazole hydrate crystals
obtained in Reference Example 3 were ﬁilled using a
sample mill (small atomizer). The main axis rotation
rate was set to 12,000 rpm and the feed rotation rate
to 17 rpm, and a 1.0 mm herringbone screen was used.
Milling was completed in 3 minutes, resulting in 474.6
g (94.9%) of Aripiprazole Hydrate A powder.

The Aripiprazole Hydrate A (powaer) obtained
in this way had a mean particle size of 20-25 pm. The
melting point (mp) was undetermined because dehydration
was observed beginning near 70°C.

The Aripiprazole Hydrate A (powder) obtained
above exhibited an 'H-NMR (DMSO-d¢, TMS) spectrum which
was substantially the same as the 'H-NMR spectrum shown
in Figure 2. Specifically, it had characteristic peaks
at 1.55-1.63 ppm (m, 2H}, 1.68-1.78 ppm {(m, 2H), 2.35-
2.46 ppm (m, 4H), 2.48-2.56 ppm (m, 4H + DMSO), 2.78
ppm (t, J = 7.4 Hz, 2H), 2.S%7 ppm (brt, J = 4.6 Hz,
4H), 3.92 ppm (t,-J = 6.3 Hz( 2H), 6.43 ppm (4, J = 2.4
Hz, 1H), 6.49 ppm (dd, J = 8.4 Hz, J = 2.4 Hz, 1H),
7.04 ppm (d, J = 8.1 Hz, 1H), 7.11-7.17 ppm {(m, 1H),
7.28-7.32 ppm (m, 2H) and 10.00 ppm (s, 1H). .

The Aripiprazole Hydrate A (powder) obtained
above had a powder x-ray diffraction spectrum which was
substantially the same as the powder x-ray diffraction
spectrum shown in Figure 3. Specifically, it had

characteristic peaks at 26 = 12.6°, 15.4°, 17.3°, 18.0°,
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18.6°, 22.5° and 24.8°. This pattern is different from
the powder x-ray spectrum of unmilled aripiprazole
hydrate shown in Figure 7.

The Aripiprazole Hydrate A (powder) obtained
above had infrared absorption bands at 2951, 2822,
1692, 1577, 1447, 1378, 1187, 963 and 784 cm™ on the IR
(KBr) spectrum.

As shown in Figure 1, the Aripiprazole
Hydrate A (powder) obtained above had a weak peak at
71.3°C in thermogravimetric/differential thermal
analysis and a broad endothermic peak (weight loss
observed corresponding to one water molecule) between
60-120°C~--clearly different from the endothermic curve

of unmilled aripiprazole hydrate (see Figure 6).

Example 2

450 g of the Aripiprazole Hydrate A (powder)
obtained in Example 1 was dried for 24 hours at 100°C
using a hot air dryer to produce 427 g (yield 98.7%) of
Aripiprazole Anhydride Crystals B.

These Aripiprazole Anhydride Crystals B had a
melting. point (mp) of 139.7°C.

The Aripiprazole Anhydride Crystals B
obtained above had an 'H-NMR spectrum (DMSO-d,, TMS)
which was substantially the same as the 'H-NMR spectrum
shown in Figure 4. Specifiéally, théy had
characteristié peaks at 1.55-1.63 ppm (m, 2H), 1.68-

1.78 ppm (m, 2H), 2.35-2.46 ppm {(m, 4H), 2.48-2.56 ppm
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(m, 4H + DMSO), 2.78 ppm (t, J = 7.4 Hz, 2H), 2.97 ppm
(brt, J = 4.6 Hz, 4H), 3.92 ppm (t, J = 6.3 Hz, 2H),
6.43 ppm (d, J = 2.4 Hz, 1H), 6.49 ppm (dd, J = 8.4 Hz,
J = 2.4 Hz, 1H), 7.04 ppm (d, J = 8.1 Hz, 1lH), 7.11-
7.17 ppm (m, 1H), 7.28-7.32 ppm (m, 2H) and 10.00 pPpm
(s, 1H}.

The Aripiprazole Anhydride Crystals B
obtained above had a powder x-ray diffraction spectrum
which was substantially the same as the powder x-ray
diffraction spectrum shown in Figure 5. Specifically,
they had characteristic peaks at 26 = 11.0°, 16.6°,
19.3°, 20.3° and 22.1°.

The Aripiprazocle Anhydride Crystals B
obtained above had remarkable infrared absorption bands
at 2945, 2812, 1678, 1627, 1448, 1377, 1173, 960 and
779 cm™' on the IR (KBr) spectrum.

The Aripiprazole Anhydride Crystals B
obtained above exhibited an endothermic peak near about
141.5°C in thermogravimetric/differential thermal
analysis.

The Aripiprazole Anhydride Crystals B
obtained above exhibited an endothermic peék near about
140.7°C in differential scanning calorimetry.

Even when the Aripiprazole Anhydride Crystals
B obtained above were left for 24 hours in a dessicator
set at humidity 100%, temperature 60°C, they did not
exhibit hygroscopicity exceeding 0.4% (See Table 1

below) .
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Example 3

44 .29 kg of the Aripiprazole Hydrate A
(powder) obtained in Example 1 was dry heated for 18
hours in a 100°C hot air dryer and then heated for 3
hours at 120°C to produce 42.46 kg (yield 99.3%) of
Aripiprazole Anhydride Crystals B.

The physicochemical properties of the
resulting Aripiprazole Anhydride Crystals B were the
same as the physicochemical properties of the
Aripiprazole Anhydride Crystals B obtained in Example
2.

The Aripiprazole Anhydride Crystals B
obtained in this way did not exhibit hygroscopicity of
more than 0.4% even when left for 24 hours in a
dessicator set at humidity 100%, temperature 60°C (see

Table 1 below).

E;xamgle 4

40.67 kg of the Aripiprazole Hydrate A
(powder) obtained in Example 1 was dry heated for 18
hours in a 100°C hot air dryer and then heated for 3
hours at 120°C to produce 38.95 kg (yield 99.6%) of
Aripiprazole Anhydride Crystals B.

The physicochemical properties bf the
resulting Aripiprazole Anhydride nystals B were the
same as the physicochemical properties of the
Aripiprazole Anhydride Crystals B obtained in Example

2.
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The Aripiprazole Anhydride Crystals B
obtained in this way did not exhibit hygroscopicity of
more than 0.4% even when left for 24 hours in a
dessicator set at humidity 100%, temperature 60°C (see
Table 1 below).

Examples 5-10 are useful for injectable or
oral solution formulations but not solid dose
formulations since they were made by heating
Conventional Anhydride or Conventional Hydrate instead

of Hydrate A.

Example 5

The hygroscopic aripiprazole anhydride
crystals obtained in Reference Example 1 were heated
for 50 hours at 100°C using the same methods as in
Example 2. The physicochemical properties of the
resulting Aripiprazole Anhydride Crystals B were the
same as the physicochemical properties of the
Aripiprazole Anhydride Crystals B obtained in Example
2.

The Aripiprazole Anhydride Crystals B
obtained in this way did not exhibit hygroscopicity of
more than 0.4% even when left for 24 hours in a
dessicator set at humidity 100%, temperature 60°C (see

Table 1 below).

Example 6

The hygroscopic aripiprazole anhydride
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crystals obtained in Reference Example 1 were heated
for 3 hours at 120°C using the same methods as in
Example 2. The physicochemical properties of the
resuiting Aripiprazole Anhydride Crystals B were the
same as the physicochemical properties of the
Aripiprazole Anhydride Crystals B obtained in Example
2.

The Aripiprazole Anhydride Crystals B
obtained in this way did not exhibit hygroscopicity of
more than 0.4% even when left for 24 hours in a
dessicator set at humidity 100%, temperature 60°C (see

Table 1 below).

Example 7

The hygroscopic aripiprazole anhydride
crystals obtained in Reference Example 2 were heated
for 50 hours at 100°C using the same methods as in
Example 2. The physicochemical properties of the
resulting Aripiprazole Anhydride Crystals B were the
same as the physicochemical properties of the
Aripiprazole Anhydride Crystals B obtained in Example
2.

The Aripiprazole Anhydride Crystals B
obtained in this way did not exhibit hygroscopicity of
more than 0.4% even when left for 24 hours in a
dessicator set at humidity 100%, temperature 60°C (see

Table 1 below).
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Example 8

The hygroscopic aripiprazole anhydride
crystals obtained in Reference Example 2 were heated
for 3 hours at 120°C using the same methods as in
Example 2. The physicochemical properties of the
resulting Aripiprazole Anhydride Crystals B were the
same as the physicochemical properties of the
Aripiprazecle Anhydride Crystals B obtained in Example
, :

The Aripiprazole Anhydride Crystals B
obtained in this way did not exhibit hygroscopicity of
more than 0.4% even when left for 24 hours in a
dessicator set at humidity 100%, temperature 60°C (see -

Table 1 below).

Example 9

The aripiprazole hydrate crystals obtained in
Reference Example 3 were heated for 50 hours at 100°C
using the same methods as in Example 2. The
physicochemical properties of the resulting
Aripiprazole Anhydride Crystals B were the same as the
physicochemical properties of the Aripiprazole
Anhydride Crystals B obtained in Example 2.

The Aripiprazole Anhydride Crystals B
obtained in this way did not exhibit hygroscopicity of
more than 0.4% even when left for 24 hours in a
dessicator set at humidity 100%, temperature 60°C (see

Table 1 below).
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Example 10

The aripiprazole hydrate crystals obtained in
Refereﬁce Example 3 were heated for 3 hours at 120°C
using the same methods as in Example 2. The
physicochemical properties of the resulting
Aripiprazole Anhydride Crystals B were the same as the
physicochemical properties of the Aripiprazole
Anhydride Crystals B obtained in Example 2.

The Aripiprazole Anhydride Crystais B
obtained in this way exhibited hygroscopicity of no
more than 0.4% even when left for 24 hours in a
dessicator set at humidity 100%, temperature 60°C (see

Table 1 below).

Example 11 (Preparation of type C crystals of
aripiprazole anhydride)

100 Miligrams of type-I crystals of
aripiprazole anhydride obtained in Reference Example 2
were heated about 145°C (#3°C). 1In this occasion,
there was observed the phenomeha that the crystals were
once melted, then again crystallized. After that, 100
mg (yield: 100%) of Type C crystals of aripiprazole
anhydride were obtained. The melting point of the
crystals was 150°C. The crystals were colorless prism
form.

The type C crystals of aripiprazole anhydride
obtained above had an endothermic curve which was

substantially identical to the endothermic curve of
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thermogravimetric/differential thermal analysis
(heating rate: SAC/minute) shown in Figure 8.
Specifically, it showed the endothermic curve around
150.2°C.

The type C crystals of aripiprazole anhydride
thus obtained exhibited an 'H-NMR spectrum (DMSO-d,,
TMS) which was substantially identical to the lH;NMR
spectrum (DMSO-d,, TMS) shown in Figure 9.

Specifically, it had the characteristic peaks at 1.55-
1.63 ppm {(m, 2H), 1.68-1.78 ppm (m, 2H), 2.35-2.46 ppm
(m, 4H), 2.48-2.56 ppm (m, 4H+DMSO), 2.78 ppm (t, J=7.4
Hz, 2H), 2.97 ppm (brt, J=4.6 Hz, 4H), 3.92 ppm (t,
J=6.3 Hz, 2H), 6.43 ppm (d, J=2.4 Hz, 1H), 6.49 ppm
(dd, J=8.4 Hz, J=2.4 Hz, 1H), 7.04 ppm (d, J=8.1 Hz,
1H), 7.11-7.17 pom (m, 1H), 7.28-7.32 ppm (m, 2H), and
10.00 ppm (s, 1H).

The type C crystals of aripiprazole anhydride
obtained above had a powder X-ray diffraction spectrum
which was substantially identical to the powder X-ray
diffraction spectrum shown in Figure 10. Specifically,
it had the characteristic peaks at 26 = 12.6°, 13.7°,
15.4°, 18.1°, 19.0°, 20.6°, 23.5° and 26.4°.

The type C crystals of aripiprazole anhydride
obtained above had an IR spectrum which was
substantially identical to the IR (KBr) spectrum shown
in Figure 11. Specifically, it had the characteristic
infrared absorption bands at 2939, 2804, 1680, 1375 and

780 cm™.
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The type C crystals of aripiprazole anhydride
obtained above exhibited a solid !’C-NMR spectrum, which
was substantially identical to the solid 2C-NMR
spectrum shown in figure 12. Specifically, it had the
characteristic peaks at 32.8 ppm, 60.8 ppm, 74.9 ppm,
104.9 ppm, 152.2 ppm, 159.9 ppm and 175.2 ppm.

According to the above-mentioned data on
endothermic curve of thermogravimetric/differential
thermal analysis (heating rate: 5°C/minute) and péwder
X-ray diffraction spectrum, the formation of the type C
crystals of aripiprazole anhydride was confirmed.

When the type C crystals of aripiprazole
anhydride crystals obtained above were left for 24
hours in a dessicator where the conditions were set at
humidity 100%, and temperature 60°C, then the crystals
did not exhibit hygroscopicity higher than 0.4% (see,

Table 1 below).

Example 12 (Preparation of type D crystals of
aripiprazole anhydride)

The type-I crystals of aripiprazole anhydride
obtained in Reference Example 2 were added in 200 ml of
toluene, and dissolved by heating at 74°C. After
confirmed that it was dissolved completely, the toluene
solution was cooled to 7°C, and the precipitated
crystals were collected by filtration. The crystals
were subjected to air-drying as they were so as to

obtain 17.9 g (yield: 89.5%) of type D crystals of
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aripiprazole anhydride.

The type D crystals of aripiprazole anhydride
obtaiﬁed above had an endothermic curve substantially
identical to the endothermic curve of
thermogravimetric/differential thermal analysis
(heating rate: 5°C/minute) shown in Figure 13.
Specifically, it had the endothermic peaks at about
136.8°C and about 141.6°.

The type D crystals of aripiprazole anhydride
obtained above exhibited 'H-NMR spectrum (DMSO-dg;, TMS)
which was substantially identical to the H-NMR spectrum
(DMSO-d¢, TMS) shown in Figure 14. Specifically, they
had the characteristic peaks at 1.55-1.63 ppm (m, 2H),
1.68-1.78 ppm (m, 2H), 2.35-2.46 ppm (m, 4H), 2.48-2.56
ppm (m, 4H+DMSO), 2.78 ppm (t, J=7.4 Hz, 2H), 2.97 ppm
({brt, J=4.6 Hz, 4H), 3.92 ppm (t, J=6.3 Hz, 2H), 6.43
ppm {(d, J=2.4 Hz, 1H), 6.49 ppm (dd, J=8.4 Hz, J=2.4
Hz, 1H), 7.04 ppm (d, J=8.1 Hz, 1H), 7.11-7.17 ppm (m,
1H), 7.28-7.32 ppm (m, 2H), and 10.00 ppm (s, 1H).

The type D crystals'of aripiprazole anhydride
obtained above had a powder X-ray diffraction spectrum
which was substantially identical to the powder X-ray
diffraction spectrum shown in Figure 15. Specifically,
it had the characteristic peaks at 20 = 8.7°, 11.6°,
16.3°, 17.7°, 18.6°, 20.3°, 23.4° and 25.0°.

The type D crystals of aripiprazole anhydride
obtained above had an IR spectrum which was

substantially identical to the IR (KBr) spectrum shown
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in Figure 16. Specifically, it had the characteristic
infrared absorption bands at 2%46, 1681, 1375, 1273,
1175 and 862 cm™.

The type D crystals of aripiprazole anhydride
obtained above exhibited a solid '*C~NMR spectrum which
was substantially identical to the solid ')C-NMR
spectrum shown in Figure 17. Specifically, it had the
characteristic peaks at 32.1 ppm, 62.2 ppm, 66.6 ppm,
104.1 ppm, 152.4 ppm, 158.5 ppm and 174.1 ppm.

According to the above-mentioned data on the
endothermic curve of thermogravimetric/differential
thermal analysis (heating rate: 5°C/minute) and powder
X-ray diffraction spectrum, the formation of type D
crystals of aripiprazole anhydride was confirmed.

When the tvpe D crystals of aripiprazole
anhydride crystals obtained above were left for 24
hours in a dessicator where the conditions were set at
humidity 100%, and temperature 60°C, the crystals did
not have hygroscopicity higher than 0.4% (see, Table 1

below) .

Example 13 (Preparation of type D crystals of

aripiprazole anhydride)

1,200 Grams of the type-I crystals of
aripiprazole anhydride obtained in Reference Example 2
were dissolved in 18 liters of toluene, with heating.
This toluene solution was cooled to 40°C, and 36 g of

type-D crystals of aripiprazole anhydride obtained in
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Example 12 were added as seed crystals, then the
solution was cooled to 10°C and allowed to stand as it
is. The precipitated crystals were collected by
filtration, dried at 60°C for 18 hours to obtain 1,073
g (yield: 86.8%) of type D crystals of aripiprazole
anhyride (purity: 100%). The crystals were colorless
plate form. |

The type D crystals of aripiprazole anhydride
had an endothermic curve substantially identical to the
endothermic curve of thermogravimetric/differential
thermal analysis (heating rate: 5°C/minute) shown in
Figuré 13. Specifically, it had the endothermic peaks
around about 136.8°C and about 141.6°.

. The type D crystals of aripiprazole anhydride
obtained above exhibited an 'H-NMR spectrum (DMSO-d,,
TMS) which was substantially identical to the 'H-NMR
spectrum (DMSO-d;, TMS) shown in Figure 14.
Specifically, it ‘had the charaﬁtefistic peaks at 1.55-
1.63 ppm {(m, 2H), 1.68-1.78 ppm (m, 2H), 2.35-2.46 ppm
{m, 4H), 2.48-2.56 ppm (m, 4H+DMSO), 2.78 ppm (t, J=7.4
Hz, 2H), 2.97 ppm {(brt, J=4.6 Hz, 4H), 3.92 ppm (t,
J=6.3 Hz, 2H), 6.43 ppm (d, J=2.4 Hz, 1H), 6.49 ppm
(dd, J=8.4 Hz, J=2.4 Hz, 1H), 7.04 ppm (d, J=8.1 Hz,
1Hy, 7.11-7.17 ppm {(m, 1B), 7.28-7.32 ppm {(m, 2H), and
10.00 ppm (s, 1H).

The type D crystals of aripiprazole anhydride
obtained above had a powder X-ray diffraction spectrum

which was substantially identical to the powder X-ray
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diffraction spectrum shown in Figure 15. Specifically,
it had the characteristic peaks at 20 = 8.7°, 11.6°,
16.3°, 17.7°, 18.6°, 20.3°, 23.4° and 25.0°.

The type D crystals of aripiprazole anhydride
obtained above had an IR spectrum which was
substantially identical to the IR (KBr) spectrum shown
in Figure 16. Specifically, it had characteristic
infrared absorption bands at 2846, 1681, 1375, 1273,
1175 and 862 cm™.

The type D crystals of aripiprazole anhydride
obtained above had a solid C-NMR spectrum which was
substantially identical to the solid *’C-NMR spectrum
shown in Figqgure 17. Specifically, it had the
characterist;c peaks at 32.1 ppm, 62.2 ppm, 66.6 ppm,
104.1 ppm, 152.4 ppm, 158.5 ppm and 174.1 ppm.

According to the above-mentioned data on the
endothermic curve of thermogravimetric/differential
thermal analysis (heating rate: 5°C/minute) and powder
X-ray diffraction spectrum, the formation of type D
crystals of aripiprazole anhydride was confirmed.

When the type D crystals of aripiprazole
anhydride crystals obtained above were left for 24
hours in a dessicator where the conditions were set at
humidity 100%, and temperature 60°C, the crystals did
not exhibit hygroscopicity higher than 0.4% (see, Table

1 below).
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Example 14 (Preparation of type E crystals of
aripiprazole anhydride)

40 Grams of type-I crystals of aripiprazole
anhydride obtained in Reference Example 2 was dissolved
in 1000 ml of acetonitrile with heating at 80°C. This
acetonitrile solution was cooled to about 70°C by
taking for about 10 minutes, and was kept at this
temperature for about 30 minutes to precipitate the
seed crystals. Next, the temperature of said solutién‘
was slowly risen to 75°C, and the c;ystals were grown
up by keeping this temperature for 1 hour. Then, the
solution was cooled to 10°C by taking about 4 hours,
and the precipitated crystals were collected by
filtration. Thus obtained crystals were subjected to
air-drying overnight, there were obtained 37.28 g
{yield: 93.2%) of type E crystals of aripiprazole
anhydride (purity: 100%). The melting point of these
crystals was 145°C, and the crystals were colorless
needle form.

The type E crystals of aripiprazole
anhydride had an endothermic curve substantially
identical to the endothermic curve of
thermogravimetric/differential thermal analysis
(heating rate: 5°C/minute) shown in Figure 18.
Specifically, it had endothermic peak at about 146.5°.

' The type E crystals of aripiprazole anhydride
obtained abo&e exhibited an 'H-NMR spectrum (DMSO-dg,

TMS) which was substantially identical to the 'H-NMR
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spectrum (DMSO-d,, TMS) shown in Figure 19.
Specifically, it had the characteristic peaks at 1.55-
1.63 ppm (m, 2H), 1.68-1.78 ppm (m, 2H), 2.35-2.46 ppm
(m, 4H), 2.48-2.56 ppm (m, 4H+DMSO), 2.78 ppm (t, J=7.4
Hz, 2H), 2.97 ppm {(brt, J=4.6 Hz, 4H), 3.9%92 ppm (t,
J=6.3 Hz, 2H), 6.43 ppm (d, J=2.4 Hz, 1H), 6.49 ppm
{dd, J=8.4 Hz, J=2.4 Hz, 1H), 7.04 ppm (d, J=8.1 Hz,
iH), 7.11-7.17 ppm (m, 1H), 7.28—7.32 ppm (m, 2H), and
10.00 ppm (s, 1H).

The type E crystals of aripiprazole anhydride
obtained above had a powder X-ray diffraction spectrum
which was substantially identical to the powder X-ray
diffraction spectrum shown in Figure 20. Specifically,
it had the characteristic peaks at 20 = 8.0°, 13.7°,
14.6°, 17.6°, 22.5° and 24.0°.

The type E crystals of aripiprazole anhydride
obtained above had an IR spectrum which was
substantially identical to the IR (KBr) spectrum shown
in Figure 21. Specifically, it had the characteristic
infrared absorption bands at_2943, 2817, 1686, 1377,
1202, 969 and 774 cm.

According to the data on the endothermic
curve of thermogravimetric/differential thermal
analysis (heating rate: 5°C/minute) and powder X-ray
diffraction spectrum, the formation of type E crystals
of aripiprazole anhydride was confirmed.

When the type E crystals of aripiprazole

anhydride obtained above were left for 24 hours in a
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dessicator where the conditions were set at humidity
100%, and temperature 60°C, the crystals did not
exhibit hygroscopicity higher than 0.4% {see, Table 1

below).

Example 15 (Preparation of type F crystals of
aripiprazole anhydride)

140 Grams of type-I crystals of aripiprazole
anhydride obtained in Reference Example 2 were

10 suspended in 980 ml of acetone and continued to reflux
for 7.5 hours with stirring. Next, the suspension was
filtefed in hot condition, and crystals separated out
were subjected to air-drying for 16 hours at room
temperature, there was obtained 86.19 g (yield: 61.6%)

15 of type F crystals of aripiprazolg anhydride (purity:
100%). The crystals were colorless prism form.

The type F crystals of aripiprazole
anhydride had an endothermic curve substéntially
identical to the endothermic curve of

20 thermogravimetric/differential thermal analysis
(heating rate: 5°C/minute) shown in Figure 22.
Specifically, it had the exothermic peaks at about
137.5°C and about 149.8°C.

The type F crystals of aripiprazole anhydride

25 obtained above exhibited an 'H-NMR spectrum (DMSO-d,,
TMS) which was substantially identical to the !'H-NMR
spectrum (DMSO-d,, TMS) shown in Figure 23.

Specifically, it had the characteristic peaks at 1.55-
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1.63 ppm (m, 2H), 1.68-1.78 ppm (m, 2H), 2.35-2.46 ppm
(m, 4H), 2.48-2.56 ppm (m, 4H+DMSO), 2.78 ppm (t, J=7.4
Hz, 2H§, 2.97 ppm (brt, J=4.6 Hz, 4H), 3.92 ppm (t,
J=6.3 Hz, 2H), 6.43 ppm (d, J=2.4 Hz, 1H), 6.49 ppm
(dd, J=8.4 Hz, J=2.4 Hz, 1H), 7.04 ppm (d, J=8.1 Hz,
iH), 7.11-7.17 ppm (m, 1H), 7.28-7.32 ppm (m, 2H), and
10.00 ppm (s, 1H).

The type F crystals of aripiprazole anhydride
obtained above had a powder X-ray diffraction spectrum
which was substantially identical to the powder X-ray
diffraction spectrum shown in Figure 24. Specifically,
it had the characteristic peaks at 26 = 11.3°, 13.3°,
15.4°, 22.8°, 25.2° and 26.9°.

The type F crystals of aripiprazole anhydride
obtained above had an IR spectrum which was
substantially identical to the IR (KBr) spectrum shown
in Figure 25. Specifically, it had the characteristic
infrared absorption bands at 2940, 2815, 1679, 1383,
1273, 1177, 1035, 963 and 790 cm™

According to the data on endothermic curve of
thermogravimetric/differential thermal analysis
(heating rate: 5°C/minute) and powder X-ray diffraction
spectrum, the formation of type F crystals of
aripiprazole anhydride was confirmed.

When the type F crystals of aripiprazole
anhydride crystals obtained above were left for 24
hours in a dessicator where the conditions were set at

humidity 100%, and temperature 60°C, the crystals did
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not exhibit hygroscopicity higher than 0.4% (see, Table

1 below).
Table 1

Sample Iniﬁiiiﬂﬁ?iéﬁure ﬁ?izgugi gggt?gs
Reference Example 1 0.04 3.28
Reférence Example 2 0.04 1.78
Example 2 0.04 0.04
Example 3 0.02 0.02
Example 4 0.02 0.02
Example 5 0.04 0.04
Exémple 6 0.04 0.04
Example 7 0.04 0.03
Example 8 0.04 0.03
Example 9 0.03 0.01
Example 10 0.C5 0.05
Example 11 0.03 0.03
Example 12 0.04 0.03
Example 13 0.04 0.03
Example 14 0.06 0.09
Example 15 0.04 0.04
Example 16
a) Type I crystals of aripiprazole anhydride (10

g) obtained in Reference Example 2 was charged in a

stainless steel round tray {(diameter: 80 mm), and

heated to about 170°C so as to melted completely.

this melted liquid was cooled, then it solidified
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clarity with pale brawn in color, the sélid was peeled
off from the stainless steel round tray, there was
obtained 9.8 g (yield: 98%) of glassy state of
aripiprazole anhydride. The obtained glassy state
product was characterized by having no significant peak
observed in a powder X-ray determination. (cf. Figure
31).

According to the thermogravimetric/

‘differental thermal analysis (heating rate: 5°C/

minute), as shown in Figure 30, an exothermic peak of
type B crystals of aripiprazole anhydride was observed
at around 86.5°C. While, an endothermic peak of type B
crystals of aripiprazole anhydride owing to melting was
observed at around 140.1°C.

b) When the glassy state of aripiprazole
anhydride obtained in Example 16-a) were charged in a
sealed vessel and left to stand at room temperature for
about 6 months, then type G crystals of aripiprazole
anhydride having white in color was obtained by
changing the color from pale brown (25 g, yield: 100%).
Melting point: 138 to 139°C.

The type G crystals of aripiprazole anhydride
had an endothermic curve which was substantially
identical to the thermogravimetric/differential thermal
analysis (heating rate: 5°C/min.) endothermic curve
shown in Figure 26, more particulaly, it has an
endothermic peak around 141.0°C and an exothermic peak

around 122.7°C.
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The type G crystals of aripiprazole anhydride
obtained as above exhibited an 'H-NMR spectrum which was
substéntially identical to the 'H-NMR spectrum (DMSO-d,
TMS) shown in Figure 27. Specifically, it has
characteristic peaks at 1.55 - 1.63 ppm (m, 2H), 1.68 -
1.78 ppm (m, 2H), 2.35 - 2.46 ppm (m, 4H), 2.48 - 2.56
ppm {(m, 4H + DMSO), 2.78 ppm (t, J=7.4 Hz, 2H), 2.97
ppm (brt, J=4.6 Hz, 4H), 3.92 ppm (t, J=6.3 Hz, 2H),
6.43 ppm (d, J=2.4 Hz, 1H), 6.49 ppm (dd, J=8.4 Hz,
J=2.4 Hz, 1H), 7.04 ppm (d, J=8.1 Hz, 1H), 7.11 - 7.17
ppm (m, 1H), 7.28 - 7.32 ppm {(m, 2H) and 10.00 ppm (s,
1H) .

The type G crystals of aripiprazole anhydride
obtained as above had a powder X-ray diffraction
spectrum which was substantially identical to the
powder X-ray diffraction spectrum shown in Figure 28.
Specifically, it has characteristic peak at 26 = 10.1°,
12.8°, 15.2°, 17.0°, 17.5°, 19.1°, 20.1°, 21.2°, 22.4°,
23s3°, 24.5° and 25.8°.

The type G crystals of aripiprazole anhydride
obtained above had an IR spectrum which was
substantially identical to the IR (KBr) spectrum shown
in Figure 29. Specifically, it has clear infrared
absorption bands at 2942, 2813, 1670, 1625, 1377, 1195,
962 and 787 cm™.

Example 17

a) Preparation of granules of 30 mg tablets containing
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type B crystals of aripiprazole anhydride for
additional drying

Type B crystals of aripiprazole anhydride
(1,500 g), lactose (5,700 g), corn starch (1,000 g) and

5 crystalline cellulose (1,000 g) were charged in a
fluidized bed granulating dryer (Flow Coater Model FLO-
5M; manufactured by FROINT SANGYO KABUSHIKI KAISHA),
and these granulating ingredients were mixed by
fluidizing for about 3 minutes with an inlet air

10 temperature at 60°C, air flow rate of 3 to 4 m’/min.
Further, the granulating ingredients were continued
fluidizing under the same condition, and sprayed with
about 4,000 g of 5% aqueocus solution of hydroxypropyl
celulose to obtain wet granules. The wet granules were

15 dried under an inlet air temperature at 85°C, for about
20 minutes. The obtained dried granules contained 3.8%
of water (measured by the method according to Reference
Example 4).
b) The dried granules (4 kg) obtained in Example

20 17-a) were sized by use of a mill (FIORE F-0:
manufactured by TOKUJU CORPORATION) .

The sized granules (3 kg) were charged in a
fluidized bed granulating dryer (Flow Coater Model FLO-
5M; manufactured by FREUND INDUSTRIAL CO., LTD.), and

25 these granulating ingredients were dried under an inlet
air temperature at 85°C, and air flow rate of 2 m*/min
for 2 hours. The obtained dried granules contained

3.6% of water (measured by the method according to
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Reference Example 4).

About 1% by weight of of magnesium stearate
was added to the sized granules and mixed, then the
granules were supplied to a tabletting machine (a

5 Rotary single tablet press, Model VIRGO: manufactured
by KIKUSUI SEISAKUSHO CO., LTD.), and there were
obtained tablets, each having 190 mg of weight.

c) The dried granules (3 kg) obtained in Example
17-a) were charged in a vacuum dryer (vacuum

10 granulating dryer model; VG-50: manufactured by KIKUSUI
SEISAKUSHO CO., LTD.), and dried at 70°C of a jacket
temperature, under a reduced pressure at 5 torr of
degree of vacumm for 1 hour. The thus obtained dried
granules contained 3.1% of water (measured by the

15 method according to Reference Example 4). The dried
granules were subjected to sizing by passing to a sieve
of 850 um.

About 1% by weight of magnesium stearate was
added to the sized granules and mixed, then the

20 granules were supplied to a tablet machine (Rotary
single tablet press, Model VIRGO: manufactured by
KIKUSUI SEISAKUSHO CO., LTD.}), and there were obtained

tablets, each having 190 mg of weight.

25 Example 18
a) Preparation of 30 mg tablets containing type B
crystals'of aripiprazole anhydride

Aripiprazole anhydride (type B crystals)
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(4,500 g), lactose (17,100 g), corn starch (3,000 qg)
and crystalline cellulose (3,000 g) were charged in a
fluidized bed granulating dryer (NEW-MARUMERIZER Model:
NQ-500, manufactured by FUJI PAUDAL CO., LTD.), and
these granulating ingredients were mixed by fluidizing
for about 3 minutes with an inlet air temperature at
70°C, air flow rate of 10 - 15 m®/min. Further, the
granulating ingredients were continued fluidizing under
the same condition, and were sprayed with about 12,000
g of 5% aqueous solution of hydroxypropyl celulose to
obtain wet granules. The wet granules were dried under
inlet air at temperature of 85°C, for about 30 minutes.
The obtained dried granules contained 3.6% of water
{measured by the method according to Reference Example
4) . (Yield: 96%). The dried granules were sized by
passing to a mill (FIOLE F-0: manufactured by TOKUJU
CORPORATION) .

About 1% by weight of magnesium‘stearate was
added to the sized granules and mixed, then the
granules were supplied to a tablet machine (a Rotary
single tablet press, VIRGO: manufactured by KIKUSUI
SEISAKUSHO CO., LTD.), and there were obtained tablets,
each having 190 mg of weight.

b) The tablets (5 kg) obtained in Example 18-a)
were charged in a fan dryer (RQUA COATER AQC-48T,
manufactured by FREUND INDUSTRIAL CO., LTD.), and dried
under inlet air at temperature of 90°C, air flow rate

of 2 m*/min for 6 hours. The obtained dried granules
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contained 3.3% of water (measured by the method
according to Reference Example 4).

c) The dreid tablets (3 kg) obtained in Example
18-a) were charged in a vacuum dryer (vacuum
granulating dryer, VG-50: manufactured by'KIKUSUI
SEISAKUSHO CO., LTD.), and dried at 80°C of a jacket
temperature, under reduced pressure of 5 torr of degree
of vacumm for 4 hours. The obtained dried tablets
contained 2.7% of water (measured by the method

according to Reference Example 4).

Example 19

a) By the procedures similar to those of Example
18-a), there were obtained tablets (containing type I
crystals of aripiprazole anhydriﬁe obtained in
Reference Example 2), each having 190 mg of weight,

b} The tablets were dried by the proéedures
similar to those of Example 18—b5, except that air
inlet temperature was 100°C and dried for 1 hour.

c) The tablets were dried by the procedures
similar to those of Example 18-b), except that inlet

air temperature was 100°C and dried for 3 hours.

Example 20

By the procedures similar to those of Example
18-a), there were obtained tablets, each having 190 mg
of weight, containing type C crystals of aripiprazole

anhydride.
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Example 21

By the procedures similar to those of Example
18-a), there were obtained tablets, each having 190 mg
of weight, containing type D crystals of aripiprazole

anhydride.

Example 22
a) Aripiprzole hydrate crystals (156 g) obtained

in Reference Example 3, lactose (570 g), corn starch
(100 g) and crystalline cellulose (100 g) were charged
in a fluidized bed granulating dryer (NEW-MARUMERIZER,
NQ-160: manufactured by FUJI POWDAL CO., LTD.), and
these granulating ingredients were mixed under
fluidizing for about 3 minutes with an inlet air
temperature at 60°C, air flow rate of 1.0 to 1.5 m’/min,
and rotating disc with rotary speed of 400 rpm.
Further, the granulating ingredients were continued
fluidizing under the same condition, and sprayed about
500 g of 4% agqueous solution of hydroxypropyl celulose
to obtain wet granules. The inlet air temperature was
elevated up to 85°C, and dried until the temperature of
the product was reatched to 46°C. The obtained dried
granules were sized by passing to a sieve of 850 um.
The dried granules contained 4.37% of water (measured
by the method according to Reference Example 4).

b) The dried granules (200 g) obtained in
Example 22-a) were charged in a fluidized bed dryer

(multiplex, MP-01: manufactured by POWREX CORPORATION),
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and dried at 85°C of inlet air temperature, air flow
rate of 0.5 m®/min for 2 hours. The dried granules
contained 3.50% of water (measured by the method
according to Reference Example 4).
c) The dried granules (100 g) obtained in
Example 22-a) were charged in a vacuum dryer (vacuum
granulating dryer LCV-232: manufactured by TABAI CO.,
LTD.), and dried 80°C of tray temperature, about 760
mmHg of degree of vacuum for 2 hours. The dried
granules were further dried similarly for 6 hours. The
dried granules contained 3.17% of water (the product
being dried for 2 hours: measured by the method
according to Reference Example 4). The further dried
granules contained 2.88% of water (the product being
dried for 6 hours: measured by the method according to
Reference Example 4).
d) About 1% by weight of magnesium stearate was
added to the sized granules being obtained in Example
22-b) and mixed, then the mixed granules were supplied
to a fablet machine (Single type Tablet machine No. 2B:
manufactured by KIKUSUI SEISAKUSHO CO., LTD.), and
tabletted with punch, there were obtained tablets, each
having 191 mg of weight.
e) About 1% by weight of magnesium stearate was
added to the sized granules being obtained in Example
22-c) and mixed, then the mixed granules were supplied
to a tablet machine (Single type Tablet machine No. ZB:

manufactured by KIKUSUI SEISAKUSHO CO., LTD.), and
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tabletted with punch, there were obtained tablets, each

having 191 mg of weight.

is t] s

Each tablets of the pharmaceutical solid oral
preparations obtained previously was kept, repectively
under the open at 25°C/60% RH for 6 months, and at
40°C/75% RH for 1 week, then their dissolution rates
were measured by the following methods. The
dissolution rates obtained from 60 minutes after the
exposure are shown in Tables 2 and 3. The dissolution
rates after 60 minutes, using the tablets kept under
the open at 40°C/75% RH for 2 weeks, are shown in
Tables 4 and 5. The dissolution rates after 60
minutes, using the tablets kept under the open condi-
tion at 40°C/75% RH for 1 week, are shown in Table 6.
Dissolution test eguipment: USP
Model: NTR-6100 (manufactured by TOYAMA SANGYO CO.,

LTD.)

Model: DT-610{(manufactured by JASCO CORPORATION)

a) Method of dissolution test of the 15 mg tablet

One tablet (containing 15 mg each of
aripiprazole(ggfgézzégyor hydrate) was tested by.using
900 ml of acetic acid buffer solution (pH 5.0) (Note:-
1) as the test solution, and by rotating a paddle at
100 rpm according to the method of USP (United States

Pharmacopoea) (Note: 2).
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The test solutions obtained respectively from
10 minutes, 20 minutes, 30 minutes, 45 minutes and 60
minutes after the start of test are named as T10, T20,
T30, T45 and T60.

5 On the other hand, about 0.05 g of standard
sample of aripiprazole was weighed accurately,
dissolved in ethanol (95%) so as to make exactly 50 ml
of ethanol solution. Twenty (20) ml of this ethanol

\\\folution was taken accurately, and to prepared exactly
10 iOOO ml of the standard solution by adding 0.01 mol/
liter of hydrochloric acid reagent solution (Note: 3).
) The test solutions and the standard solution
were subjected to filtration, respectively by usiné a
filter having micropores of 10 to 20 pum in diameters,
15 then each of the filtrates were introduced to a
spectrophotometer installed Qith flow cell (cell
length: 10 mm), and to measure the absorbance of wave
‘length at 249 nm and absorbance of wave length at 325
nm and determined the differences between absorbances
20 to named as Atl0, At20, At30, Atd5, At60 and As,
respectively.
After the measurements, the test solutions of
T10, T20, T30 and T45 were put back to the test vessels

respectively. Further, similar procedures were

25 conducted to other 5 samples of the test solutions.

Dissolution rate (%) relating to the indicated

amount of aripiprazole =
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Aamount of the standard sample of aripiprazole (mg)
x At x As x 9/5 x 20/C
wherein, At: Atl0, At20, At30, At45 or Ate60
As: standard solution
C: Indicated amount of aripiprazole (mg)
(Note:1) Water was added to 1.97 g of acetic acid (100)
and 9.15 g of sodium acetate-trihydrate to
make 1000 mi of solution (0.1 mol/l).
(Note:2) Paddle method
(Note:3) Water was added to 100 ml of 0.1 mol/1l
hydrochloric acid (Note:4) to make 1000 ml of
solution.
{Note:4) Water was added to 0.9 ml of hydrochloric acid

'éo make 1000 ml of solution.

b) Method of dissolution test of the 30 mg tablet
One tablet each of the pharmaceutical solid

oral preparations (containing 30 mg each of

:?% was tested by using

900 ml of acetic acid buffer solution (pH 4.5) (Note:

. ] ) {_\_ :
aripiprazole “anhydride

5) as the test solution, and to conduct the test by

.rotating a paddle at 75 rpm in accordance with the

method of USP (United States Pharmacopoea) (Note: 6).

The test solutions obtained respectively from
10 minutes, 20 minutes, 30 minutes 45 minutes and 60
minutes after the start of test, were named as T10,
T20, T30, T45 and T60.

On the other hand, about 0.05 g of the
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standard sample of aripiprazole was weighed accurately,
and dissolved in ethanol (95%) so as to made exactly 50
ml of the ethanol solution. Twenty (20) ml of the
ethanol solution was taken accurately, and prepared
5 exactiy 1000 ml of the standard solution by adding 0.01
mol/}iter of hydrochloric acid reagent solution (Note:
7).
The test solutions and standard solution were
subjected to filtration, respectively by using a filter
10 having micropores of 10 to 20 um in diameters, then
each of the filtrates were introduced to a
spectrophotometer in which a flow cell ({(cell length: 10
mm) was 1nstalled, and measured the absorbance of wave
" length at 249 nm and absorbance of wave length at 325
15 n;j and the difference between these absorbances were
‘named as At10, At20, At30, At45, At60 and As,
respectively.
After the measurements, the test solutions of
T10, T20, T30 and T45 were put back respectively to the
20 test vessels. Further, similar procedures were |

conducted to other 5 samples of the test solutions.

Dissolution rate (%) relating to the indicated
amount of aripiprazole =
25 Amount of the standard sample of aripiprazolé (mg)
x At x As x 9/5 x 20/C
wherein, At: Atl0, At20, At30, At45 or At60

As: standard solution
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C: 1Indicated amount of aripiprazole (mg)
(Note:5) Water was added to 1.91 g of acetic acid (100)
and 2.99 g of sodium acetate-trihydrate to
made 1000 ml of solution (0.05 mol/1l).

5 (Note: 6) Paddle method

(Note:7) Water is added to 100 ml of 0.1 mol/1l
hydrochloric acid (Note:8) to made 1000 ml of
solution. |

(Note:8) Water was added to 0.9 ml of hYdrochloric acid

10 to make 1000 ml of sclution.
Table 2
1 g Open at 25°C/60% RH | Open at 40°C/75% RH
Samples use . After ‘s After
Initial 6 months Initial 1 week

Tablet (15 mg)

of Reference 83.4% 44 .3% 83.4% 44.1%

Example 4

Tablet (15 mg)

of Reference 890.1% 61.9% 90.1% 65.2%

Example 5

15 Table 3
1 q Open at 25°C/60% RH | Open at 40°C/75% RH
Samples use L. After C s After
Initial 6 months Initial 1 week

Tablet (30 mg)

of Example 96.7% 77.1% 96.7% 75.9%

18-a)

Tablet (30 mg)

of Example 96.5% 93.6% 85.0% 892.2%

17-b)

Tablet (30 mg)

of Example 97.0% 36.3% 94.7% 94.8%

17-¢)

Tablet (30 mg)

of Reference 87.2% 85.3% 97.2% 97.8%

Example 18-b)

Tablet (30 mg)

of Reference 87.8% 96. 3% 97.8% 96.9%

Example 18-c)
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Table 4
Samples used Initial After 2 weeks
Samples used Tablet
(30 mg) of Example 89.8% 66.9%
19-a)
Tablet (30 mg) of _
Example 19-b) 79.8%
Tablet (30 mg) of _ o
-lExample 1%8-c) 85.9%
Table 5
Samples used Initial After 2 weeks
Tablet (30 of o o
Example 18-a) 24.8% 94.7%
Tablet (30 mg) of ° o
Example 20 °93.7% 93.1%
Tablet (30 mg) of o o
Example 21 84.8% 90.9%
Table 6
Samples used Initial After 1 weeks
Tablet (30 mg) of o o
Example 22-d) 26.5% 84.5%
Tablet (30 mg) of
Example 22-e) 92.5% 74.4%
(dreid for 2 hours)
Tablet (30 mg) of
Example 22-e) 96.2% 83.4%
(dreid for 6 hours)

(Note:

Dissclution tests in Table 5 were conducted

similarly to the procedures in the above-

mentioned "b) Method of dissolution test of the

30 mg tablet" except that by using 800 ml of

acetic acid buffer solution

(pH 4.0) as the test

solution, and by rotating a paddle at 50 rpm.
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. As can be seen clearly from the data shown in
Table 2, in comparison with the 15 mg tablet containing
conventional aripiprazole anhydride crystals (Reference
Example 4), the 15 mg tablet containing type B crystals
of aripiprazole anhydride (Reference Example 5) had the
dissolution rate to maintain maximum drug concentration
({Cmax), at pH 5.0 after 60 minutes, even though such
tablet was kept under the open at 25°C/60%RH for
6 months and under the open at 40°C/75%RH for
1 week.

As can be seen clearly from the data shown in

Table 3, even though 30 mg tablets (Examples 17-b) and
17-c)) prepared from twice dried granules of type B

crystals of aripiprazole anhydride, and 30 mg tablets

.(Bxamples 18-b) and 18-c)) prepared from further dried

pharmaceutical solid oral preparation containing type B
crystals of aripiprazole anhydride were subjected to
keep under the open at 25°C/60%RH for 6 months or
40°C/75%RH for 1 week, the dissolution rates of these
tablets obtained 60 minutes after the test at pH 4.5
were not substantially loweréd.

As can be seen clearly from the data shown in
Table 4, when 30 mg tablets (Examples 19-a), 19-b) and
19-c)) containing conventional aripiprazole anhydride
crystals were further dried and subjected to keep under
open at 40°C/75%RH for 2 weeks, then the dissolution
rates of the tablets obtained 60 minutes after the test

at pH 4.5 were the dissolution rates to maintain
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maximum drug concentration (Cmax).

As can be seen clearly from the data shown in
Table 5, when 30 mg tablet (Example 18-a)) containing
type B crystals of aripiprazole anhydride, 30 mg tablet
(Example 20) containing type C crystals of aripiprazole
anhydride and 30 mg tablet (Example 21) containing type
D crystals of aripirazole anhydride were subjected to
keep under open at 40°C/75%RH for 2 weeks, then the ~
dissolution rates of the tablets obtained 60 minutes
after the test at pH 4.0 were not substantially
lowered.

As can be seen clearly from the data shown in
Table 6, when 30 mg tablgts (Examples 22-d) and 22-e})
prepared from granules of conventional aripiprazole
h&drate being twice dried, and subjected to keep under
open at 40°C/75%RH for 1 week, then the dissolution -
rates of the tablets obtained 60 minutes after the test
at pH 4.5 were the dissolution rates to maintain .

maximum drug concentration (Cmax).

ara
Aripiprazole anhydride crystals B 5 mg
Starch 131 mg
Magnesium stearate 4 mg
Lactose 60 mg
Total | 200 mg
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Tablets containing the above ingredients in
each tablet were prepared by formulation methods known

to one skilled in the art of pharmaceutical

formulation.
5
Sample Preparation 2
Type C crystals of aripiprazole anhydride - 5 mg
Starch 131 mg
Magnesium stearate 4 mg
10 Lactose 60 mg
Total 200 mg

In accordance with an ordinary method, tablet
preparation, containing the above-mentioned ingredients

15 per 1 tablet was prepared.

le Lo
Type D-crystals of aripiprazole anﬁydride 5 mg
Starch 131 mg
20 Magnesium stearate 4 mg
Lactose 60 mg
Total 200 mg

In accordance with an ordinary method, tablet
25 preparation, containing the above-mentioned ingredients

per 1 tablet was prepared.
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Sample Preparation 4
Type E crystals of aripiprazole anhydride 5 mg
Starch 131 mg
Magnesium stearate X 4 mg
5 Lactose 60 mg
Total . 200 mg

In accordance with an ordinary method, tablet
preparation, containing the above-mentioned ingredients

10 per 1 tablet was prepared.

Sample Preparation 5
Type F crystals of aripiprazole anhydride 5 mg
Starch 131 mg
15 Magnesium stearate 4 mg
Lactose : 60 mg
Total 200 mg

In accordance with an ordinary method, tablet
20 preparation, containing the above-mentioned ingredients

per 1 tablet was prepared.

Sample Preparation 6
Type G crystals of aripiprazole anhydride 5 mg
25 Starch 131 mg
Magnesium stearate 4 mg
Lactose 60 mg
Total 200 mg
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In accordance with an ordinary method, tablet
preparation, containing the above-mentioned ingredients

per 1 tablet was prepared.

tio e
The following examples used aripiprazole drug
substance made by first milling or pulverizing the-
conventional hydrate of aripiprazole and then heating

it to form the anhydrous form (anhydride B}.

Ex 1

Flash-melt tablets were prepared as follows:

Intragranulation:

Ingredient Percent w/w %%bfﬁ?:
Xylitol (300) Xylisorb 26 52
Avicel® PH 102 12 24
Calcium Silicate 43.35 86.7
Crospovidone 3 6
Amorphous silica 2 4
Aspartame 2 4
Wild cherry flavor 0.15 0.3
Tartaric acid 2 4
A;esulfame K 2 4
Magnesium stearate 0.25 0.5
Total weight : 82.75 185.5
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The ingredients except for the magnesium

stearate were blended in a commercial V-blender in

PCT/JP02/09858

geometric proportions for 5 minutes each until all were

added. The magnesium stearate was then added and the

mixture blended for an additional three minutes. The

blended formulation was compacted at a pressure of 30-

35 kgF/cm? in a commercial compactor equipped with an

orifice such that the compacts therefromJare in the

form of ribbons. The ribbons were passed through a 30

mesh (600 micfons) screen to form stable granules of

about 150 to 400 microns.

t a ti s
Ingredient Percent w/w t%ibf:?
Intragranulation 92.75 185.5
Avicel® PH 200 3 6
Crospovidone » 4 8
Magnesium stearate 0.25 0.5
Total weight 100 200

The intragranulation was placed in the
blender and the Avicel® PH 200 and crospovidone added
thereto and blended for five minutes. The magnesium"
stearate was then added and the mixture blended for an
additional three minutes to.form the final blend;
Tablets compressed therefrom had a breaking force of

2.3 kP (3.5 SCU) and disintegrated in 10 seconds in 5
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ml of water. The final blend formulation demonstrated
excellent flow and was free of other problems such as
chipping, capping and sticking. It has been found that
utilizing Avicel® PH 102 for the intragranulation and
Avicel® PH 200 for the extragranulation ingredient

enhanced the quality of the resultant tablets.

Formulation Example 2
Flash-melt tablets containing a combination

of two grades of calcium silicate were prepared as

follows:
Intragrapulatijon:
. Mg. per
Ingredient Percent w/w tablet

Xylitol (300) Xylisorb 26 52
Avicel® PH 102 12 24
Calcium Silicate

(crystalline, alpha 33.35 66.7
triclinic)

Hubersorb 600 NF

{amorphous calcium 10 20
silicate)

Crospovidone 3 6
Amorphous silica 2 4
Aspartame 2 4
Wild cherry flavor 0.15 0.3
Tartaric acid 2 4
Acesulfame K 2 4
Magnesium stearate 0.25 0.5
Total weight 92.75 185.5

643 of 1328 Alkermes, Ex. 1076



WO 03/026659

10

15

20

The ingredients except for the magnesium

stearate were blended in a commercial V-blender in

- 107 -

PCT/JP02/09858

geometric proportions for 5 minutes each until all were

added.

The magnesium stearate was added and the

mixture blended for an additional three minutes.

blended formulation was compacted,
stable granules in accordance with the procedure of

Formulation Example 1:

E l ! - ’ l ! » ! -

Ingredient Percent w/w %gﬁxﬁgf
Intragranulation 82.75 185.5
Avicel® PH 200 3 6
Crospovidone 4 8
Magnesium stearate 0.25 0.5
Total weight 100 200

The intragranulation was placed in the

blender and the Avicel® PH 200 and crospovidone added

thereto and blended for five minutes.

stearate was then added and the mixture blended for an

The magnesium

additional three minutes to form the final blend.

Tablets compressed therefrom had a breaking force of

2.0 kP (3.1 SCU) and disintegrated in 10 seconds in 5

ml of water.
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Flash-melt tablets containing aripiprazole,

an antischizophrenic drug, were prepared as follows:

Intragranulation
Ingredient Percent w/w %3ﬁi£;f

Aripiprazole 15 30
Xylitol (300) Xylisorb 25 50
Avicel® PH 102 6 12
Calcium Silicate 37 74
Crospovidone 3 6
Amorphous silica 2 4
Aspartame 2 4
Wild cherry flavor 0.15 0.3
Tartaric acid 2 4
Acesulfame K 2 4
Magnesium stearate 0.25 0.5
Total weight 94.4 188.8

The ingredients except for the magnesium
stearate were blended in a commercial V-blender in
geometric proportions for 5 minutes each until all were
added. The magnesium stearate was added and the
mixture blended for an additional three minutes. The
blended formulation was compacted, and screened to form
stable granules in accordance with the procedure of

Formulation Example 1.
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lati I lients:
. Mg. per
Ingredient Percent w/w tablet
Intragranulation 94.4 188.8
Avicel® PH 200 1.1 2.2
Crospovidone 4 8
Magnesium stearate 0.5 1
Total weight 100 200

The intragranulation was placed in the
blender and the Avicel® PH 200 and crospovidone added
thereto and blended for five minutes. The magnesium
stearate was then added and the mixture.blended for an
additional three minutes to form the final blend.

Tablets compressed therefrom had a breaking force of

2.0 kP (3.1 SCU) and disintegrated in 10 seconds in 5

ml of water.

Formulation Example 4
Flash-melt tablets containing aripiprazole

were prepared as follows:
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Intragranulation:

Ingredient Percent w/w %gﬁof:?~
Aripiprazole 0.5 1
Xylitol (300) Xylisorb 27 54
Avicel® PH 102 12 24
Calcium Silicate 42 84
Crospovidone 3 6
Amorphous silica 2 4
Aspartame 2 4
Wild cherry flavor 0.15 0.3
Tartaric acid 2 4
Acesulfame K 2 4
Magnesium stearate 0.25 0.5
Total weight 92.9 185.8

i0

The ingredients except for the magnesium

stearate were blended in a commercial V-blender in

geometric proportions for 5 minutes each until all were

added. The magnesium stearate was added and the

mixture blended for an additional three minutes.

blended formulation was compacted,

stable granulés in accordance with the procedure of

Formulation Example 1.
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. Mg. per
Ingredient Percent w/w tablet
Intragranulation 92.9 185.8
Avicel® PH 200 2.6 5.2
Crospovidone 4 8
Magnesium stearate 0.5 1
Total weight 100 200

The intragranulation was placed in the

blender and the Avicel® PH 200 and crospovidone added

thereto and blended for five minutes.

stearate was then added and the mixture blended for an

The magnesium

additional three minutes toc form the final blend.

Tablets compressed therefrom had a breaking force of

2.3 kP (3.5 SCU) and disintegrated in 10 seconds in 5

ml of water.
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CLAIMS

1. Hydrate A of aripiprazole wherein said
Hydrate has a powder x-ray diffraction spectrum which
is substantially the same as the following powder x-ray
diffraction spectrum shown in Figure 3.
2. Hydrate A of aripiprazole wherein said
Hydrate has powder x-ray diffraction characteristic
peaks at 26 = 12.6°, 15.4°, 17.3°, 18.0°, 18.6°, 22.5°
and 24.8°.
3. Hydrate A of aripiprazole wherein said
Hydrate has particular infrared absorption bands at
2951, 2822, 1692, 1577, 1447, 1378, 1187, 963 and 784
cm™? on the IR (KBr) spectrum.
4. Hydrate A of aripiprazocle wherein said
Hydrate has an endothermic curve which is substantially
the same as the thermogravimetric/differential thermal
analysis (heating rate 5°C/min) endothermic curve shown
below shown in Figure 1.
5. Hydrate A of aripiprazole wherein said
Hydrate has a mean particle size of 50 pm or less.
6. Hydrate A of aripiprazole wherein said
Hydrate has a mean particle size range of 36 to 14 pm.
7. Hydrate A of aripiprazole wherein said
Hydrate has

a powder x-ray diffraction spectrum which is
substantially the same as the following powder x-ray
diffraction spectrum shown in Figure 3;

particular infrared absorption bands at 2951,

649 of 1328 Alkermes, Ex. 1076



WO 03/026659 PCT/JP02/09858

10

15

20

25

- 113 -

2822, 1692, 1577, 1447, 1378, 1187, 963 and 784 cm™?® on
the IR (KBr) spectrum;

an endothermic curve which is substantially
the same as the thermogravimetric/differential thermal
analysis (heating rate 5°C/min) endothermic curve shown
below shown in Figure 1; and

a mean particle size of 50 pm or less.
8. A process for the preparation of Hydrate A
wherein said process comprises milling Conventional
Hydrate to a mean particle size of 50 pm or less.
9. A process according to claim 8, wherein said
milling is performed by an atomizer using a rotational
speed of 5000-15000 rpm for the main axis, a feed
rotation of 10-30 rpm and a screen hole size of 1-5 mm.
10. The Hydrate A according to claim 8 made by a
process comprising milling Cénventional Hydrate to a
mean particle size of 50 pm or less.
11. The Hydrate A according to claim 8 made by a
process comprising milling Conventional Hydrate to a
mean particle size of 50 pm or less wherein said
milling is performed by an atomizer using a rotational
speed of 5000-15000 rpm for the main axis, a feed
rotation of 10-30 rpm and a screen hole size of 1-5 mm.
12. Aripiprazole drug substance of low
hygroscopicity wherein said low hygroscopicity is a
moisture content of 0.40% or less after placing said
drug substance for 24 hours in a dessicator maintained

at a temperature of 60°C and a humidity level of 100%.
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13. Aripiprazole Anhydride Crystals B having low
hygroscopicity wherein said low hygroscopicity is a
moisture content of 0.40% or less after placing said
drug substance for 24 hours in a dessicator maintained
at a temperature of 60°C and a humidity level of 100%.
14. Aripiprazole drug substance of low
hygroscopicity wherein said low hygroscopicity is a
moisture content of 0.10% or less after placing said
drug substance for 24 hours in a dessicator maintained
at a temperature of 60°C and a humidity level of 100%.
15. 'Aripiprazole Anhydride Crystals B having low
hygroscopicity wherein said low hygroscopicity is a
moisture content of 0.10% or less after placing said
drug substance for 24 hours in a dessicator maintained
at a temperature of 60°C and a humidity level of 100%.
16. Aripiprazoie Anhydride Crystals B having a
powder x-ray diffraction spectrum which is
substantially the same as the following powder x-ray

diffraction spectrum shown in Figure 5.

17. Aripiprazole Anhydride Crystals B having a

powder x-ray diffraction spectrum having characteristic
peaks at 26 = 11.0°, 16.6°, 19.3°, 20.3° and 22.1°.

18. Aripiprazole Anhydride Crystals B having a
particular infrared absorption bands at 29%45, 2812,
1678, 1627, 1448, 1377, 1173, 960 and 779 cm™® on the IR
(KBr) spectrum.

19. Aripiprazole Anhydride Crystals B exhibiting

an endothermic peak near about 141.5°C in

651 of 1328 Alkermes, Ex. 1076



WO 03/026659 PCT/JP02/09858

10

15

20

25

- 115 -
thermogravimetric/differential thermal analysis
{({heating rate 5°C/min).

20. Aripiprazole Anhydride Crystals B exhibiting
an endothermic peak near about 140.7°C in differential
scanning calorimetry (heating rate 5°C/min).

21. Aripiprazole Anhydride Crystals B wherein
said Crystals will not substantially convert to a
hydrous form of aripiprézolerwhen properly stored undeﬁ'
a relative humidity (RH) of 60 % and at a temperature
of 25°C, even for an extended period being not less
than 4 years.

22. Aripiprazole Anhydride Crystal B wherein said
crystals has a mean particle size of 50 pm or less.

23. Aripiprazole Anhydride Crystal B wherein said
crystals has a mean particle size of 30 pm or less.

24. Aripiprazole Anhydride Crystals B having all
physicochemical properties defined in claims 16 and 18
to 22. |

25. Aripiprazole Anhydride Crystals B having all
physicochemical properties defined in claims 17 to 22.
26. Aripiprazole Anhydride Crystals B having all
physicochemical properties defined in claims 13, 16, 18
to 20 and 22.

27. Aripiprazole Anhydride Crystals B having all
physicochemical properties defined in claims 15, 16, 18
to 20 and 22.

28. Aripiprazole Anhydride Crystals B having all

physicochemical properties defined in claims 13, 17 to
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20 and 22. \
29. Aripiprazole Anhydride Crystals B having all
physicochemical properties defined in claims 15, 17 to
20 and 22.
30. A process for the preparation of Aripiprazole
Anhydride Crystals B wherein said process comprises

heating Aripiprazole Hydrate A.

31. A process for the preparation of Aripiprazole

'Anhydride Crystals B wherein said process cémprises

heating Aripiprazole Hydrate A at 90-125°C for about 3-
50 hours. |

32. A process for the preparation of Aripiprazole
Anhydride Crystals B wherein said process comprises
heating Aripiprazole Hydrate A at 100°C for about 18
hours.

33. A process for the preparation of Aripiprazole
Anhydride Crystals B wherein said process comprises
heating Aripiprazole Hydrate A at 100°C for about 24
hours.A

34. A process for the preparation of Aripiprazole
Anhydride Crystals B wherein said process comprises
heating Aripiprazole Hydrate A at 120°C for about 3
hours..

35. A process for the preparation of Aripiprazole
Anhydride Crystals B wherein said process comprises
heating Aripiprazole Hydrate A for about 18 hours at
100°C followed by additional heating for about 3 hours

at 120°C.
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36. TheAAripiprazole Anhydride Crystals B
according to any one of claims 24-29 made by a process
comprising héating Aripiprazole Hydrate A for about 18
hours at 100°C followed by additional heating for about
3 hours at 120°C.
37. "The Aripiprazole Anhydride Crystals B
according to any one of claims 54—29 formulated with
one or more pharmaceutically acceptable carriers.

38. The Aripiprazole Anhydride Crystals B

according to any one of claims 24-29 formulated with

one or more pharmaceutically acceptable carriers to
form a solid oral tablet.

39. The Aripiprazole Anhydride Crystals B
according to any one of claims 24-29 formulated with
one or more pharmaceutically acceptable carriers to
form an oral flashmelt tablet.

40. A process for the pharmaceutical solid oral

preparation comprising Aripiprazole Anhydride Crystals

B defined in claim 26 and one or more pharmaceutically

acceptable cérriers, wherein said process comprises
heating Aripiprazole Hydrate A defined in claim 7.

41. A process for the pharmaceutical solid oral
preparation comprising Aripiprazole Anhydride Crystals
B defined in claim 26 and one or more bharmaceutically
acceptable carriers, wherein said process comprises
heating Aripiprazole Hydrate A defined in claim 7 at
90-125°C for about 3-50 hours.

42. A process for the pharmaceutical solid oral
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preparation comprisiné Aripiprazole Anhydride Crystals
B defined in claim 27 and one or more pharmaceutically
ac&eptable carriers, wherein said process comprises
heating Aripiprazole Hydrate A defined in claim 7.
43. A process for the pharmaceutical solid oral
preparation comprising Aripiprazole Anhydride Crystals
B defined in claim 27 and one or more pharmaceutically
acceptable carriers, wherein said process comprises
heating Aripiprazole Hydrate A defined in claim 7 at
90-125°C for about 3-50 hours.
44 . A process for the pharmaceutical solid oral
preparation comprising Aripiprazole Anhydride Crystals
B defined in claim 28 and one or more pharmaceutically
acceptable carriers, wherein said process comprises
heating Aripiprazole Hydrate A defined in claim 7.
45. A process for the pharmaceutical solid oral
preparation comprising Aripiprazole Anhydride Crystals
B defined in claim 28 and one or more pharmaceutically
acceptable carriers, wherein said processAcomprises
heating Aripiprazole Hydrate'A defined in claim 7 at
90-125°C for about 3-50 hours.
46. A process for the pharmaceutical solid oral
preparation comprising Aripiprazole Anhydride Crystals
B defined in claim 29 and one or more pharmaceutically
acceptable carriers, wherein said process comprises
heating Aripiprazole Hydrate A defined in claim 7.
47. A process for the pharmaceutical solid oral

preparation comprising Aripiprazole Anhydride Crystals
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B defined in claim 29 and one or more pharmaceutically
acceptable carriers, wherein said process comprises
heating Aripiprazole Hydrate A defined in claim 7 at
90~-125°C for about 3-50 hours.
48. Aripiprazole Anhydride Crystals B wherein
said Crystals will not substantially convert to a
hydrous form of aripiprazole when properly stored under
a relative humidity (RH) of 60 % and at a temperature
of 25°C, even for an extended period being not less
than 1 year.
49. Aripiprazole Anhydride Crystals B wherein
said Crystals will not substantially convert to a
hydrous form of aripiprazole when properly stored under
a relative humidity (RH) of 75 % and at a temperature
of 40°C, even for an extended period being not less
than 0.5 year.
50. Aripiprazole Anhydride Crystals B having all
physicochemical properties defined in claims 16, 18 to
20, 22 and 48.
51. Aripiprazole Anhydride Crystals B having all
physicochemical properties defined in claims 17 to 20,
22 and 48.
52. Aripiprazole Anhydride Crystals B having all
physicochemical properties defined in claims 16, 18 to
20, 22 and 489.
53. Aripiprazole Anhydride Crystals B having all
physicochemical properties defined in claims 17 to 20,

22 and 49.
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The Aripiprazole Anh?dride Crystals B

according to any one of claims 50-53 formulated with

one or more pharmaceutically acceptable carriers.

55.

The Aripiprazole Anhydride Crystals B

according to any one of claims 50-53 formulated with

one or more pharmaceutically acceptable carriers to

form a solid oral

56.

tablet.

The Aripiprazole Anhydride Crystals B

according to any one of claims 50-53 formulated with

one or more pharmaceutically acceptable carriers to

form an oral flashmelt tablet.

57. The use
for the treatment
58. The use
for the treatment
59. The use
for the treatment
60. The use

for the treatment

intractable
without cognitive
61l. The use
for the treatment
attention deficit

62. The use

for the treatment

(drug-

of aripiprazole anhydride crystals B

of central system disorder.

of aripiprazole anhydride crystals B

of schizophrenia.

of aripiprazole anhydride crystals B

of bipolar disorder.

of aripiprazole anhydride crystals B

of intractable (drug-resistent,

schizophrenia with cognitive impairment or

resistant, chronic) schizophrenia
impairment.

of aripiprazole anhydride crystals B
of autism, Down’s syndrome or
hyperactivity disorder (ADHD).

of aripiprazole anhydride crystals B

of Alzheimer’s disease, Parkinson’s

disease or other neurodegenerative diseases.
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63. The use of aripiprazole anhydride crystals B
for the treatment of panic, obsessive compulsive
disorder (OCD), sleep disorders, sexual dysfunction,
alcohol and drug dependency, vomiting, motion sickness,
obesity, miparticlee headache or cognitive impairment.
64. The use of aripiprazole anhydride crystals B
for the treatment of anxiety, depression or mania.
65. The use of aripiprazole anhydride crystals B
to prepare a medicament to treat or prevent
schizophrenia and the symptoms associated with
schizophrenia.
66. A drug for treating schizophrenia or symptoms
associated with schizophrenia, which comprises
aripiprazole anhydride crystals B in an amount
effective to treat schizophrenia or the symptoms
thereof, in admixture with a pharmaceutically
acceptablé diluent.
67. The drug as claimed in claim 66, which is
contained in é commercial package carrying instructions
that the drug should be used for treating
schizophrenia, or symptoms tﬁereof.
68. A process for the preparation of granules,
characterized by wet granulating the Aripiprazole
Anhydride Crystals B defined in claim 26, drying the
obtained granules at 70 to 100°C and sizing it, then
drying the sized granules at 70 to 100°C again.
69. A process for the preparation of granules,

characterized by wet granulating the Aripiprazole
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Anhydride Crystals B defined in claim 27, drying the
obtained granules at 70 to 100°C and sizing it, then
drying the sized granules at 70 to 100°C again.
70. A process for the preparation of granules,
characterized by wet granulating the Aripiprazole
Anhydride Crystals B defined in claim 28, drying the
obtained granules at 70 to 100°C and sizing it, then
drying the sized granules at 70 to 100°C again.
71. A process for the preparation of granules,
characterized by wet granulating the Aripiprazole
Anhydride Crystals B defined in claim 29, drying the
obtained granules at 70 to 100°C and sizing it, then
drying the sized granules at 70 to 100°C again.
72. A process for the pharmaceutical solid oral
preparation, characterized by drying a pharmaceutical
solid oral preparation comprising the Aripiprazole
Anhydride Crystals B defined in claim 26 and one or
more pharmaceutically acceptable carriers at 70 to
100°C.
73. A process for the pharmaceutical solid oral
preparation, characterized by drying a pharmaceutical
solid oral preparation comprising the Aripiprazole
Anhydride Crystals B defined in claim 27 and one or
more pharmaceutically acceptable carriers at 70 to
100°C.
74. A process for the pharmaceutical solid oral
preparation, characterized by drying a pharmaceutical

solid oral preparation comprising the Aripiprazole
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Anhydride Crystals B defined in claim 28 and one or
more pharmaceutically acceptable carriers at 70 to
100°C.
75. A process for the pharmaceutical solid oral
preparation, characterized by drying a pharmaceutical
solid oral preparation comprising the Aripiprazole
Anhydride Crystals B defined in claim 29 and one or
more pharmaceutically acceptable carriers at 70 to
100°C.
76. The pharmaceutical solid oral preparation
comprising the Aripiprazcle Anhydride Crystals B
defined in claim 26 and oné or more pharmaceutically
acceptable carriers, wherein said pharmaceutical solid
oral preparation has at least one dissolution rate
selected from the group consisting 60% or more at pH
4.5 after 30 minutes, 70% or ﬁore at pH 4.5 after 60
minutes, and 55% or more at pH 5.0 after 60 minutes.
77. ' The pharmaceutical solid oral preparation
comprising the Aripiprazole Anhydride Crystals B
defined in claim 27 and one or more pharmaceutically
acceptable carriers, wherein said pharmaceutical solid
oral preparation has at least one dissolution rate
selected from the group consisting 60% or more at pH
4.5 after 30 minutes, 70% or more at pH 4.5 after 60
minutes, and 55% or more at pH 5.0 after 60 minutes.
78. The pharmaceutical solid oral preparation
comprising the Aripiprazole Anhydride Crystals B

defined in claim 28 and one or more pharmaceutically
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acceptable carriers, wherein said pharmaceutical solid
oral preparation has at least one dissolution rate
selected from the group consisting 60% or more at pH
4.5 after 30 minutes, 70% or more at pH 4.5 after 60
minutes, and 55% or more at pH 5.0 after 60 minutes.
79. The pharmaceutical solid oral preparation
comprising the Aripiprazole Anhydride Crystals B
defined in claim 29 and one or more pharmaceutically
acceptable carriers, wherein said pharmaceutical solid
oral preparation has at least one dissolution rate
selected from the group consisting 60% or more af pH
4.5 after 30 minutes, 70% or more at pH 4.5 after 60
minutes, and 55% or more at pH 5.0 after 60 minutes.
80. Aripiprazole Anhydride Crystals C having a
powder X-ray diffraction spectrum shown in Figure 10.
81. Aripiprazole Anhydride Crystals C having a
powder X-ray diffraction spectrum having
characteristics peaks at 26 = 12.6°, 13.7°, 15.4°,
18.1°, 192.0°, 20.6°, 23.5° and 26.4°.
82. Aripiprazole Anhydride crystals C having a
particular infrared absorption bands at 23839, 2804,
1680, 1375 and 780 cm™ on the IR (Kbr) spectrum.
83. Aripiprazole Anhydride crystals C exhibitng
an endothermic peak near about 150.2°C in
thermogravimetric/differéntial thermal analysis
(heating rate 5°C/min).
84. Aripiprazole Anhydride crystals C having a

solid “C-NMR spectrum having characteristic peaks at
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32.8 ppm, 60.8 ppm, 74.9 ppm, 104.9 ppm, 152.2 ppm and
175.2 ppm.
85. Aripiprazole Anhydride crystals C having all
physicochemical properties defined in claims 80, 82 to
84.
86. AripiprazoleiAnhydride crystals C having all
physicochemical properties defined in claims 81 to 84.
87. Aripiprazole_Anhydride crystals D having a
powder x-ray diffraction spectrum shown in Figure 15.
88. Aripiprazole Anhydride crystals D having a
powder x-ray diffraction spectrum having characteristic
peaks at 26 = 8.7°, 11.6°, 16.3°, 17.7°, 18.6°, 20.3°,
23.4° and 25.0°.
89. Aripiprazole Anhydride crystals D having a
particular infrared absorption bands at 2946, 1681,
1375, 1273, 1175 and 862 cm™* on the IR (Kbr) spectrum.

S0. Aripiprazole Anhydride crystals D exhibiting

_an endothermic peak near about 136.8°C and 141.6°C in

thermogravimetric/differential thermal analysis
(heating rate 5°C/min).

91. Aripiprazole Anhydride crystals D having a
solid ®C-NMR spectrum having characteristic peaks at
32.1 ppm, 62.2 ppm, 66.6 ppm, 104.1 ppm, 152.4 ppm,
158.4 ppm, and 174.1 ppm.

92. Aripiprazole Anhydride crystals D having all
physicochemical properties defined in claims 87, 89 to

91.

93. Aripiprazole Anhydride crystals D having all
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physicochemical properties defined in claims 88 to 91.
94. Aripiprazole Anhydride c;ystals E having a
powder x-ray diffraction spectrum shown in Figuré 20.
S5. Aripiprazole Anhydride crystals E having a
powder x-ray diffraction spectrum having characteristic
peaks at 206 = 8.0°, 13.7°, 14.6°, 17.6°, 22.5° and
24.0°.
S6. Aripiprazole Anhydride crystals E having a
particular infrared absorption bands at 2943, 2817,
1686, 1377, 1202, 969 and 774 cm™ on the IR (Kbr)
spectrum.
97. Aripiprazole Anhydride crystals E exhibiting
an endothermic peak near about 146.5°C in
thermogravimetric/differential thermal analysis
(heating rate 5°C/min).
98. Aripiprazole Anhydride crystals E having all
physicochemical properties defined in claims 94, 96 to
97.
99. Aripiprazole Anhydride crystals E having all
physicochemical properties defined in claims 95 to 97.
100. Aripiprazole Anhydride crystals F having a
powder x-ray diffraction spectrum shown in Figure Zé.
101. Aripiprazole Anhydride crystals F having a
powder x-ray diffraction spectrum having characteristi§
peaks at 20 = 11.3°, 13.3°, 15.4°, 22.8°, 25.2° and
26.9°.
102. Aripiprazole Anhydride crystals F having a

particular infrared absorption bands at 2940, 2815,
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1679, 1383, 1273, 1177, 1035, 963 and 790 cm™® on the IR
{Kbr) spectrum.
103. Aripiprazole Anhydride crystals F exhibiting
an endothermic peak near about 137.5°C and 149.8°C in
thermogravimetric/differential thermal analysis
(heating rate 5°C/min).
104. Aripiprazole Anhydride crystals F having all
physicochemical properties defined in claims 100, 102
to 103.
105. Aripiprazole Anhydride crystals F having all
physicochemical properties defined in claims 101 to
103.
106. Aripiprazole Anhydride crystals G having a
powder x-ray diffraction spectrum shown in Figure 28.
107. Aripiprazole Anhydride crystals G having a
powder x-ray diffractioh spectrum having characteristic
peaks at 20 = 10.1°, 12.8°, 15.2°, 17.0°, 17.5°, 19.1°,
20.1°, 21.2°, 22.4°, 23.3°, 24.5° and 25.8°.
108. Aripiprazole Anhydride crystals G having a
particular infrared absorption bands at 2942, 2813,
1670, 1625, 1377, 1195, 962 and 787 cm! on the IR (Kbr)
spectrum.
109. Aripiprazole Anhydride crystals G exhibiting
an endothermic peak near about 141.0°C and an
exothermic peak around 122.7°C in thermogravimetric/
differential thermal analysis (heating rate 5°C/min).
110. Aripiprazole Anhydride crystals G having all

physicochemical properties defined in claims 106, 108
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to 109.
111. Aripiprazole Anhydride crystals G having all
physicochemical properties defined in claims 107 to
109.
112. A process for preparing aripiprazole
anhydride crystals C according to claim 85 or 86,
characterized by heating aripiprazole anhydride
crystals at a temperature higher than 140°C and lower
than 150°C.
113. A process for preparing aripiprazole
anhydride crystals D according to claim 92 or 93,
characterized by recrystallizing it from toluene.
114. A process for preparing aripiprazole
anhydride crystals E according to claim 98 or 98,
characterized by heating and dissolving aripiprazole
anhydride crystals in acetonifrile, then cooling it.
115. A process for preparing aripiprazole
anhydride crystals F according to claim 104 or.105,
characterized by heating a suspensidn of aripiprazole
anhydride in acetone.
116. A process for preparing aripiprazole
anhydride crystals G according to claim 110 or 111,
characterized by leaving to stand aripiprazole
anhydride glassy state in a sealed vessel at room
temperature for at least 2 weeks.

117. A pharmaceutical composition comprising at

least one aripiprazole anhydride crystals selected from

. the group consisting of the aripiprazole anhydride
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crystals C according to claim 85, the aripiprazole
anhydride crystals D according to Claim 92, the
aripiprazole anhydride crystals E according to Claim
98, the aripiprazole anhydride érystals F according to
Claim 104 and the aripiprazole anhydride crystals G
according to Claim 110, together with pharmaceutically
acceptable carriers.
118. A pharmaceutical composition comprising at
least one aripiprazole anhydride crystals selected from
the aripiprazole anhydride crystals C according to
claim 86, the aripiprazole anhydride crystals D
according to claim 93, the aripiprazole anhydride
crystals E according to claim 99, the aripiprazole
anhydride crystals F according to Claim 105, and the
aripiprazole anhydride crystals G according to Claim
111, together with pharmaceutically acceptable
carriers.
119. A process for the preparation of granules,
characterized by wet granulating the Aripiprazole
Anhydfide Crystals C defined in claim 85, drying the
obtained granules at 70 to 100°C and sizing it, then
drying the sized granules at 70 to 100°C again.
120. A process for the preparation of granules,
characterized by wet granulating the Aripiprazole
Anhydride Crystals C defined in claim 86, drying the
obtained granules at 70 to 100°C and sizing it, then
drying the sized granules at 70 to 100°C again.

121. A process for the preparation of granules,
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characterized by wet granulating the Aripiprazole
Anhydride Crystals D defined in claim 92, drying the
obtained granules at 70 to 100°C and sizing it, then
drying the sized granules at 70 to 100°C again.
122. A process for the preparation of granules,
characterized by wet granulating the Aripiprazole
Anhydride Crystals D defined in claim 93, drying the
obtained granules at 70 to 100°C and sizing it, then
drying the sized granules at 70 to 100°C again.
123. A process for the preparation of granules,
characterized by wet granulating the Aripiprazole
Anhydride Crystals E defined in claim 98, drying the
obtained granules at 70 to 100°C and sizing it, then
drying the sized granules at 70 to 100°C again.
124. A process for the preparation of granules,
characterized by wet granulating the Aripiprazole
Anhydride Crystals E defined in claim 98, drying the
obtained granules at 70 to 100°C and sizing it, then
drying the sized granules at 70 to 100°C again.
125. A process for the preparation of granules,
characterized by wet granulating the Aripiprazole
Anhydride Crystals F defined in claim 104, drying the
obtained granules at 70 to 100°C and sizing it, then
drying the sized granules at 70 to 100°C again.
126. A process for the preparation of granules,
characterized by wet granulating the Aripiprazole'
Anhydride Crystals F defined in claim 105, drying the

obtained granules at 70 to 100°C and sizing it, then
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drying the sized granules at 70 to 100°C again.
127. A process for the preparation of granules,
characterized by wet granulating the Aripiprazole
Anhydride Crystals G defined in claim 110, drying the
obtained granules at 70 to 100°C and sizing it, then
drying the sized granules at 70 to 100°C again.
128. A process for.the preparation of granules,
characterized by wet granulating the Aripiprazole
Anhydride Crystals G defined in claim 111, drying the
obtained granules at 70 to 100°C and sizing it, then
drying the sized granules at 70 to 100°C again. .
129. A process for the pharmaceutical solid oral
preparation, characterized by drying a pharmaceutical
solid oral preparation comprising the Aripiprazole
Anhydride Crystals C defined in claim 85 and one or
more pharmaceutically acceptéble carriers at 70 to
100°C.
130. A process for the pharmaceutical solid oral
preparation, characterized by drying a pharmaceutical
solid.oral preparation comprising the Aripiprazole
Anhydride Crystals C defined in claim 86 and one or
more pharmaceutically acceptable carriers at 70 to
100°C.
131. A process for the pharmaceutical solid oral.
preparation, characterized by drying a pharmaceutical
solid oral preparation comprising the Aripiprazole
Anhydride Crystals D defined in claim 92 and one or

more pharmaceutically acceptable carriers at 70 to
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100°C.
132. A process for the pharmaceutical solid oral
preparation, characterized by drying a pharmaceutical
solid oral preparation comprising the Aripiprazole
Anhydride Crystals D defined in claim 93 and one or
more pharmaceutically acceptable carriers at 70 to
100°C.
133. A process for the pharmaceutical solid oral
preparation, characterized by drying a pharmaceutical
solid oral preparation comprising the Aripiprazole
Anhydride Crystals E defined in claim 98 and one or
more pharmaceutically acceptable carriers at 70 to
100°C.
134.- A process for the pharmaceutical solid oral
preparation, characterized by drying a pharmaceutical
solid oral preparation comprising the Aripiprazole
Anhydride Crystals E defined in claim 99 and one or
more pharmaceutically acceptable carriers at 70 to
100°C. .
135. A process for the pharmaceutical solid oral
preparation, characterized by drying a pharmaceutical
solid oral preparation comprising the Aripiprazole
Anhydride Crystals F defined in claim 104 and one or
more pharmaceutically acceptablé carriers at 70 to
100°C.
136. A process for the pharmaceutical solid oral
preparation, characterized by drying a pharmaceutical

solid oral preparation comprising the Aripiprazole
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Anhydride Crystals F defined in claim 105 and one or
more pharmaceutically acceptable carriers at 70 to
100°C.
137. A process for the pharmaceutical solid oral
preparation, characterized by drying a pharmaceutical
solid oral preparation comprising the Aripiprazole
Anhydride Crystals G defined in claim 110 and one or
more pharmaceutically acceptable carriers at 70 to
100°C.
138. A process for the pharmaceutical solid oral
preparation, characterized by drying a pharmaceutical
solid oral preparation comprising the Aripiprazole
Anhydride Crystals G defined in claim 111 and one or
more pharmaceutically acceptable carriers at 70 to
100°C.
139. A process for the preparation of granules,
characterized by wet granulating conventional
Aripiprazole Anhydride Crystals, drying the obtained
granules at 70 to 100°C and sizing it, then drying the
sized granules at 70 to 100°C again.
140. A process for the pharmaceutical solid oral
preparation, characterized by drying a pharmaceutical
solid oral preparation comprising conventional
Aripiprazole Anhydride Crystals and one or more
pharmaceutically acceptable carriers at 70 to 106°C.
141. A pharmaceutical solid oral preparatiod
having at least one dissolution rate selected from the

group consisting 60% or more at pH 4.5 after 30
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minutes, 70% or more at pH 4.5 after 60 minutes, and

'55% or more at pH 5.0 after 60 minutes.

142. The pharmaceutical solid oral preparation
prepared by the process of claim 139, wherein said
pharmaceutical solid oral preparation has at least one
dissolution rate selected from the group consisting 60%
or more at pH 4.5 after 30 minutes, 70% or more at pH
4.5 after 60 minutes, and 55% or more at pH 5.0 after
60 minutes.

143. The pharmaceutical solid oral preparation
prepared by the process of claim 140, wherein said
pharmaceutical solid oral preparation having at least
one dissolution rate selected from the group consisting
60% or more at pH 4.5 after 30 minutes, 70% or more at
pH 4.5 after 60 minutes, and 55% or more at pH 5.0
after 60 minutes.

144. The pharmaceutical solid oral preparation
comprising the Aripiprazole Anhydride Cryétals C
defined in claim 85 and one or more pharmaceutically
acceptable carriers, wherein said pharmaceutical solid
oral preparation has at least one dissolution rate
selected from the group consisting 60% or more at pH
4.5 after 30 minutes, 70% or more at pH 4.5 after 60
minutes, and 55% or more at pH 5.0 after 60 minutes.
145. The pharmaceutical solid oral preparation
comprising the Aripiprazole Anhydride Crystals C
defined in claim 86 and one or more pharmaceutically

acceptable carriers, wherein said pharmaceutical solid
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oral preparation has at least one dissolution rate
selected from the group consisting 60% or more at pH
4.5 after 30 minutes, 70% or more at pH 4.5 after 60
minutes, and 55% or more at pH 5.0 after 60 minutes.
146. Thé pharmaceutical solid oral preparation
comprising the Aripiprazole Anhydride Crystals D
defined in claim 92 and one or more pharmaceutically
acceptable carriers, wherein said pharmaceutical. solid
oral preparation has at least one diésblution rate
selected from the group consisting 60% or more at pH
4.5 after 30 minutes, 70% or more at pH 4.5 after 60
minutes, and 55% or more at pH 5.0 after 60 minutes.
147. The pharmaceutical solid oral preparation
comprising the Aripiprazole Anhydride Crystals D
defined in claim 93 and one or more pharmaceutically
acceptable carriers, wherein said pharmaceutical solid
oral preparation has at least one dissolution rate
selected from the group consisting 60% or more at pH
4.5 after 30 minutes, 70% or more at pH 4.5 after 60
minutes, and 55% or more at pH 5.0 after 60 minutes.
148. The pharmaceutical solid oral preparation
comprising the Aripiprazole Anhydride Crystals E
defined in claim 98 and one or more pharmaceutically
acceptable carriers, wherein said pharmaceutical solid
oral preparation has at least one dissolution rate
selected from the group consisting 60% or more at pH
4.5 after 30 minutes, 70% or more at pH 4.5 after 60

minutes, and 55% or more at pH 5.0 after 60 minutes.
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149. The pharmaceutical solid oral preparation
comprising the Aripipfazole Anhydride Crystals E
defined in claim 99 and one or more pharmaceutically
acceptable carriers, wherein said pharmaceutical solid
oral preparation has at least one dissolution rate
selected from the group consisting 60% or more at pH
4.5 after 30 minutes, 70% or more at pH 4.5 after 60
minutes, and 55% or more at pH 5.0 after 60 minutes.
150. The pharmaceutical solid oral preparation
comprising the Aripiprazole Anhydride Crystals F
defined in claim 104 and one or more pharmaceutically
acceptable carriers, wherein said pharmaceutical solid
oral preparation has at least one dissolution rate
selected from the group consisting 60% or more at pH
4.5 after 30 minutes, 70% or more at pH 4.5 after 60
minutes, and 55% or more at pH 5.0 after 60 minutes.
151. The pharmaceutical solid oral preparation
comprising the Aripiprazole Anhydride Crystals F
defined in claim 105 and one or more pharmaceutically
acceptable carriers, wherein said pharmaceutical solid
oral preparation has at least one dissolution rate
selected from the group consisting 60% or more at pH
4.5 after 30 minutes, 70% or more at pH 4.5 after 60
minutes, and 55% or more at pH 5.0 after 60 minutes.
152. The pharmaceutical solid oral preparation
comprising the Aripiprazole Anhydride Crystals G
defined in claim 110 and one or more pharmaceutically

acceptable carriers, wherein said pharmaceutical solid
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oral preparation has at least one dissolution rate
selected from the group consisting 60% or more at pH
4.5 after 30 minutes, 70% or more at pH 4.5 after 60
minutes, and 55% or more at pH 5.0 after 60 minutes.
153. The pharmaceutical solid oral preparation
comprising the Aripiprazole Anhydride Crystals G
defined in claim 111 and one or more pharmaceutically
acceptable carriers, wherein said pharmaceutical solid
oral preparation has at least one disséiution rate
selected from the group consisting 60% or more at pH
4.5 after 30 minutes, 70% or more at pH 4.5 after 60
minutes, and 55% or more at pH 5.0 after 60 minutes.
154. A process for the preparation of granules,
characterized by wet granulating conventional
Aripiprazole Hydrate Crystals, drying the obtained
granules at 70 to 100°C and sizing it, then drying the
sized granules at 70 to 100°C again.
155. A process for the pharmaceutical solid oral
preparation, characterized by drying a pharmaceutical
solid oral preparation comprising conventional
Aripiprazole Hydrate Crystals and one or more
pharmaceutically acceptable carriers at 70 to 100°C.
156. The pharmaceutical solid oral preparation
prepared by the process of claim 154, wherein said
pharmaceutical solid oral preparation has at