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(57) Abstract: A crystalline (+)-lansoprazole, whose X-ray diffraction spectrum comprises a major peak having a relative intensi-
ty of at least 20 % at an interplanar distance (d value) of 17.4 A, is homogeneous, non-hygroscopic, and stable, and a pharmaceuti-

o cal composition comprising said crystal is effective for treating or preventing gastric acid-related diseases.
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NOVEL CRYSTALLINE DEXLLANSOPRAZOLE AND
PHARMACEUTICAL COMPOSITION COMPRISING SAME

FIELD OF THE INVENTION

The present invention relates to a novel crystalline (+)-lansoprazole and a
pharmaceutical composition comprising same for treating or preventing gastric

acid-related diseases.

BACKGROUND OF THE INVENTION

Lansoprazole, 2-[[3-methyl-4-(2,2,2 -trifluoroethoxy)-2-pyridinyljmethyl]sulfinyl-
1H-benzimidazole disclosed in EP Patent No. 0 174 726 BI1, is a proton pump
inhibitor which suppresses gastric acid secretion to prevent ulcer. Lansoprozole
molecule has a chiral center at the sulfur atom, and thus, two enantiomers thereof
exist: dextrorotatory (+)-lansoprazole and levorotatory (-)-lansoprazole, as is
disclosed in International Patent Publication No. WO 1992/08716.. Further, WO
1996/02535 and WO 1997/02261 describe enantioselective synthesis methods
thereof.

H. Katsuki et al. (H. Katsuki ef al., Pharm. Res. 13, 611-615 (1996)) have
found that two enantiomers of lansoprazole are stereoselectively metabolized in
human showing different pharmacokinetic profiles, and (+)-lansoprazole is more
effective than the other due to its high bioavailability and less adverse effects it
causes. Thus, there have been several approaches for preparing (+)-lansoprazole
which is more useful in the preparation of pharmaceutical compositions for treating
gastric acid-related diseases. = However, unlike racemic lansoprazole, (+)-
lansoprazole in the amorphous form is not sufficiently stable, and therefore, many

studies have been conducted to develop a stable crystalline form of (+)-lansoprazole.
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Several crystalline forms of anhydrous (+)-lansoprazole or hydrate have
been reported. WO 2000/78745 discloses an anhydrous crystalline form
(hereinafter referred to as "Crystalline Form I") having a melting point ranging
about from 144 to 148 °C and a crystalline 1.5 hydrate (hereinafter referred to as
"Crystalline Form II") having a melting point ranging about from 76 to 80 °C.
Meanwhile, WO 2001/87874 discloses a crystalline hydrate having an unsteady
number of crystal water molecules, and WO 2002/44167 discloses Crystalline Form
I variants whose melt initiation temperatures are different, less than 131 °C or more
than 131 °C.

A crystalline form of (+)-lansoprazole can be characterized by various
methods, e.g., melting point measurement, X-ray diffraction (XRD) analysis,
differential scanning calorimetry (DSC), solid state nuclear magnetic resonance
(solid NMR) spectroscopy, infrared absorption (IR) spectroscopy, Raman
spectroscopy, hydrate analysis, etc. In particular, a specific crystalline form can be
identified by 1ts XRD pattern in which 2 theta values (26) represent the interplanar
angles, and d values, the interplanar distances.

The above-mentioned crystalline forms of (+)-lansoprazole have also been
characterized by d values, but there exists problems that the reported variants of
Crystalline Form I having same d values often show different melting points or melt
initiation temperatures; and Crystalline Form II is often formed to exist in a
crystalline hydrate whose number of crystal water molecules is not 1.5. The above
facts suggest that the crystalline forms I and II are difficult to prepare in there pure
homogeneous forms.

According to the guidelines and regulations which are promulgated by drug
administrations in various countries, the homogeneity of a drug crystal is required
for granting a permission to market the drug. In particular, it is strictly required
that each drug component coincides with the specified homogeneity for every batch
of the drug formulation. Accordingly, there has been a need for developing a

crystalline (+)-lansoprazole which is homogeneous and stable.
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SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to provide a novel
crystalline (+)-lansoprazole which is homogeneous and stable.

It is another object of the present invention to provide a pharmaceutical
composition for treating or preventing gastric acid-related diseases, comprising the
novel crystalline (+)-lansoprazole.

In accordance with one aspect of the present invention, there is provided a
crystalline (+)-lansoprazole, whose X-ray diffraction spectrum comprises a peak
having a 100 x I/, value of at least 20% (wherein I is the intensity of each peak, and
I, is the intensity of the highest peak) at an interplanar distance (d+0.3A) of 17.4 A.

In accordance with another aspect of the present invention, there is provided
a pharmaceutical composition comprising the inventive crystalline (+)-lansoprazole
as an active ingredient together with a pharmaceutically acceptable carrier, diluent,
or excipient.

The inventive crystalline (+)-lansoprazole having a high melting
temperature is homogeneous, non-hygroscopic, and stable, and it can be used in
formulating a pharmaceutical composition for treating or preventing gastric acid-

related diseases.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects and features of the present invention will
become apparent from the following description of the invention, when taken in
conjunction with the accompanying drawings, which respectively show:

FIG. 1: an XRD scan of the crystalline (+)-lansoprazole obtained in Example

FIGS. 2 to 5: XRD, DSC, DVS (dynamic vapor sorption), and IR spectra,

3
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respectively, of the crystalline (+)-lansoprazole obtained in Example 3;

FIGS. 6 to 9: XRD, DSC, DVS, and IR spectra, respectively, of the
crystalline (+)-lansoprazole obtained in Reference Example 1,

FIGS. 10 to 13: XRD, DSC, DVS, and IR spectra, respectively, of the

crystalline (+)-lansoprazole obtained in Reference Example 2;

DETAILED DESCRIPTION OF THE INVENTION

The novel crystalline (+)-lansoprazole according to the present invention
(hereinafter referred to as "Crystalline Form A") shows a characteristic peak having
a relative intensity of at least 20% in its XRD spectrum obtained using Cu-K,
radiation at a interplanar distance (d value) of 17.4 A. It also exhibits major peaks
at d values of 17.4, 10.0, 9.6, 8.7, 7.6, 6.6, 5.7, 5.6, 5.0, 4.8, 4.4, and 4.0 A. Herein,
the relative intensity (%) is calculated using the equation of 100 x I/I, (wherein I is
the intensity of each peak; I, is the intensity of the highest peak.)

Even when two crystals share a substantially equal form, their XRD spectra
may show significantly different relative intensities (I/1,,%) depending on the
measuring conditions such as the quality of a crystal sample, particle size, the
degree of sample grinding, grinding time, and other conditions. Moreover, a
person skilled in the art would easily expect that d values may vary at a tolerance of
+0.3, or more likely +0.1. Accordingly, it is obvious that Crystalline Form A
according to the present invention exhibits d values that are unique characteristics
thereof. The same with confirming a crystalline form based on 2 theta (26) which
represents interplanar angle.

Crystalline Form A according to the present preferably has a characteristic
melting point measured by visible observation in the range of 151 to 156 °C,
preferably 152 to 155 °C, which is higher than those of the reported crystalline
forms. Further, Crystalline Form A preferably shows a characteristic DSC melting

endothermic transition peak which starts at about 151.7 °C and reaches its
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maximum at about 155.3 °C. Generally, measurements of the melting point and
the endothermic transition temperature provide values that are within a tolerance of
+2 °C, or ordinarily £1 °C. Based on the above, Crystalline Form A of the present
invention is a novel crystalline (+)-lansoprazole disclosed herein for the first time.

Crystalline Form A according to the present invention contains water in an
amount of about 1 % or less, preferably 0.5 % or less. More preferably,
Crystalline Form A may be an anhydrous crystal which contains no detectable water.
In a DVS analysis under a relative humidity of 0 to 90 %, the water content of
Crystalline Form A varied only within 1 %, which means that Crystalline Form A is
an anhydrous crystal which is substantially non-hygroscopic.

Crystalline Form A of (+)-lansoprazole may be prepared by crystallization
of an amorphous (+)-lansoprazole in a mixed solution of dichloromethane and
diisopropyl ether. Preferably, a seed of Crystalline Form A of (+)-lansoprazole
may be added to said mixed solution. A seed of Crystalline Form A of (+)-
lansoprazole may be prepared using crystalline 1.5 H,O hydrate of (+)-lansoprazole
obtained according to the procedure disclosed in Example 3 of WO 2000/78745.
For example, the crystalline 1.5 H,O hydrate is dried for 3 to 24 h at 40 to 60 °C
under a reduced pressure and then exposed to a condition of 80 to 110 °C for at least
1 min, followed by cooling to room temperature to obtain a seed of Crystalline
Form A of (+)-lansoprazole.

Racemic or enantiomeric lansoprazole is known as an ATPase (a strong
proton pump) inhibitor which suppresses gastric acid secretion in human.
Particularly, Crystalline Form A of (+)-lansoprazole is very effective for
suppressing gastric acid secretion. Accordingly, Crystalline Form A of (+)-
lansoprazole is useful in treating or preventing gastric acid-related diseases. For
example, Crystalline Form A of (+)-lansoprazole is useful in treating or preventing
mammal diseases, preferably human diseases such as gastritis, duodenitis, reflux

esophagitis, peptic ulcer, duodenal ulcer, NSAIDs(non-steroidal anti-inflammatory
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drugs)-induced ulcer, stress ulcer, non-ulcer dyspepsia, gastrointestinal bleeding,
hyperacidity, helicobacter pylori infection disease, and inflammatory disease.

Therefore, the present invention also provides a pharmaceutical composition
comprising an effective amount of Crystalline Form A of (+)-lansoprazole as an
active ingredient together with a pharmaceutically acceptable carrier, diluent, or
excipient. The pharmaceutical composition according to the present invention
may be administered to a patient in an effective amount via the various routes, e.g.,
the oral route or the non-oral route. Preferably, the inventive composition is
prepared in the oral administration form such as a capsule, a tablet, a dispersion,
and a suspension. The capsule or tablet may be of an enteric coated form or may
contain a pellet of an enteric coated Crystalline Form A of (+)-lansoprazole.

Crystalline Form A of (+)-lansoprazole may be formulated with a
pharmaceutically acceptable carrier, diluent or excipient, regardless of the
administration form. Examples of suitable carriers, diluents and excipients are as
follows: excipients such as starches, sugar, lactose, dextrin, mannitol, sorbitol,
crystalline  cellulose, low-substitited hydroxypropyl cellulose, sodium
carboxymethyl cellulose, Arabic gum, amylopectin, light anhydrous silicic acid, and
synthetic aluminum silicate; fillers or extending agents such as calcium phosphate
and silica derivatives; binding agents such as starches, sugar, mannitol, trehalose,
dextrin, amylopectin, sucrose, gluten, Arabic gum, methyl cellulose, carboxymethyl
cellulose, sodium carboxymethyl cellulose, crystalline cellulose, cellulose
derivatives including hydroxypropyl cellulose or hydroxypropyl methyl cellulose,
gelatin, arginic acid salt, and polyvinyl pyrrolidone; lubricating agents such as talc,
magnesium or calcium stearate, hydrogenated castor oil, talcum powder, and solid
polyethylene glycol; disintegrants such as povidone, sodium croscarmellose, and
crospovidone; and surfactants such as polysorbate, cetyl alcohol and glycerol
monostearate.

Further, various pharmaceutical compositions comprising an effective

amount of Crystalline Form A of (+)-lansoprazole together with or without

6



10

15

20

25

WO 2010/056059 PCT/KR2009/006678

additives such as said carrier, diluent, and excipient, may be prepared in accordance
with any of the conventional procedures (see Remington's Pharmaceutical Sciences,
Mack Publishing Company, Easton, PA, 19™ Edition, 1995.)

The inventive pharmaceutical composition may comprise Crystalline Form
A of (+)-lansoprazole as an active ingredient in an amount of 0.1 to 95 wt%,
preferably 1 to 70 wt%, based on the weight of the composition.

A typical daily dose of Crystalline Form A of (+)-lansoprazole for a mammal
including human may range from about 5 to 250 mg/kg body weight, preferably 10
to 100 mg/kg body weight, and can be administered in a single dose or in divided

doses per one day.

The following Examples are intended to further illustrate the present

invention without limiting its scope.

The analysis data described in the following Examples and Reference

Examples were measured under the following conditions.

1) The melting point was measured by a capillary type digital melting point
apparatus (Barnstead Electrothermal, England.)

2) The specific rotation [a]p was measured at 25 °C by polarimeter (DIP-1000,
Jasco Corporation, Japan.)

3) The optical purity was determined from the Equation 1 using the data obtained
by chiral HPLC (high performance liquid chromatography) under the conditions
listed below:

<Condition>
- column: Chromtech™ AGP, diameter 4.6 mm x length 250 mm, particle size: 5
um, detection wavelength: 285 mm;
- eluent: pH 7.0, phosphate buffer/acetonitrile=90/10; and
- flow rate: 0.8 mL/min.
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Equation 1
Optical purity of enatiomer (% ee) = [A(+) - A(-)] / [A(+) + A(-)] x 100
wherein, A(+) is the peak area of (+)-lansoprazole, A(-) is the peak area of
(-)-lansoprazole, and the unit "% ee" means enantiomeric excess.

4) The moisture content was measured by moisture tester (795 KFT, Metrohm AG,
Switzerland.)

5) The IR spectrum was obtained by IR spectrometer (MB-100, Bomen Inc.,
Canada.)

6) The XRD spectrum was obtained by XRD spectrometer (D8 Advance, Bruker
Corporation, Germany) using Cu-K, radiation (wavelength A=1.54056A)
according to the conventional method (see US Pharmacopoeia, USP31 NF26.)

7) The DSC curve was obtained by differential scanning calorimeter (STA S-1000,
Scinco Co., Ltd., Korea) at a rate of +1 °C/min.

8) The DVS curve was obtained by DVS analyzer (Advantage I, SMS Ltd.,
England) under a relative humidity of 0 to 90 % in 2 cycles.

Example 1. Preparation of Crystalline Form A of (+)-lansoprazole

Crystalline 1.5 H,O hydrate of (+)-lansoprazole was prepared according to
the procedure disclosed in Example 3 of WO 2000/78745. 2.0 g of the crystalline
1.5 hydrate of (+)-lansoprazole was added to an uncapped glass vial, dried at 50 °C
for 5 h under a reduced pressure of 2 torr or less and then exposed to a condition of
100 °C for 5 min, followed by cooling to room temperature to obtain 1.85 g of a
crystal.

The XRD spectrum of the crystal thus obtained is shown in FIG. 1.

The analysis data of the crystal thus obtained are listed below:

m.p.: 151-153 °C;

specific rotation: [a]p” = +156.0° (c=1.0, chloroform);

optical purity: 99.9 % ee;
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moisture content (Karl-Fisher titrator): 0.88 %; and
XRD (Cu-K, radiation): the interplanar angles (26) and the interplanar
distances (d value) of peaks having relative intensity (I/I, x 100) values of at least

20% are summarized in Table 1.

5
Table 1
26 (°) d(A) UL (%) 26 (°) d (A) 11, (%)
5.1 17.4 243 15.0 5.7 66.4
8.8 10.1 53.9 15.8 5.6 100.0
9.2 9.6 24.5 17.6 5.0 28.0
10.1 8.7 423 18.4 4.8 40.5
11.6 7.6 20.4 20.3 4.4 26.5
13.5 6.6 50.2 222 4.0 32.8
Example 2. Preparation of Crystalline Form A of (+)-lansoprazole
10

1.5 g of the Crystalline Form A of (+)-lansoprazole obtained in Example 1
was added to 15 mL of diisopropyl ether to obtain a suspension, which was stirred
for 30 min. The precipitate formed was filtered, washed twice each with 2 mL of
diisopropyl ether, and dried under a reduced pressure to obtain 1.44 g of a crystal

15 (yield: 96%.)

The analysis data of the crystal are thus obtained listed below:

m.p.: 154.3-155.0 °C;

specific rotation: [o]p> = +156.3° (c=1.0, chloroform);

optical purity: 99.9 % ee;

20 purity: 99.9%;
moisture content (Karl-Fisher titrator): 0.3 %; and

XRD analysis results were the same as in Example 1.
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Example 3. Preparation of Crystalline Form A of (+)-lansoprazole

30.0 g of amorphous (+)-lansoprazole was dissolved in 300 mL of
methylene chloride, and 600 mL of diisopropyl ether was added thereto. The
resulting mixture was seeded with 100 mg of the Crystalline Form A of (+)-
lansoprazole obtained in Example 2, stirred for 10 min at room temperature, and
then further stirred for 20 min at 0 to 5 °C. The precipitate formed was filtered,
washed twice each with 100 mL of diisopropyl ether, and dried under a reduced
pressure, to obtain 21.6 g of a crystal (yield: 72%.)

XRD, DSC, DVS, and IR spectra of the crystal thus obtained are shown in
FIGS. 2, 3, 4, and 5, respectively.

The analysis data of the crystal thus obtained are listed below:

m.p.: 154.3 °C;

specific rotation: [o]p> = +158.3° (c=1.0, chloroform);

optical purity: 99.9 % ee;

moisture content (Karl-Fisher titrator): 0.5 %;

IR (KBr, cm™): 3287, 3070, 2967, 2891, 1577, 1474, 1442, 1409, 1311,
1261, 1178, 1109, 1035, 1005, 967, 834, 817, 802, 745;

DSC (1°/min): a melting endothermic peak which starts at 151.71 °C and
reaches its maximum at 155.30 °C;

DVS (2 cycles): a moisture content of 1 % or less under a relative humidity
of 0 to 90 %; and

XRD (Cu-K, radiation): the diffraction angle (26) and distance between
crystal faces (d) values of peaks having relative intensity (I/I, x 100) values of at

least 20% are summarized in Table 2.

10
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Table 2
2000 dA) VL) | 200) dA) V(%)
5.1 17.4 23.1 15.5 5.7 73.7
8.7 10.0 63.3 15.8 5.6 100.0
9.2 9.6 32.1 17.7 5.0 28.9
10.1 8.7 42.9 18.4 4.8 49.1
11.6 7.6 25.1 20.3 4.4 21.4
13.5 6.6 67.4 22.2 4.0 37.1

Reference Example 1 : Preparation of Crystalline Form 1 of (+)-lansoprazole

(anhydrous crystal)

Anhydrous crystal of (+)-lansoprazole was prepared by the same manner as
in Example 2 of WO 2000/78745.

XRD, DSC, DVS, and IR spectra of the crystal thus obtained are shown in
FIGS. 6, 7, 8, and 9, respectively.

The analysis data of the crystal thus obtained are listed below:

m.p.: 147-148 °C;

specific rotation: [0.]1)25 =+150.0° (c=1.0, chloroform);

optical purity: 99.9 % ee;

moisture content (Karl-Fisher titrator) : 0.4 %;

IR (KBr, cm™): 3082, 3036, 2984, 2890, 1585, 1479, 1441, 1356, 1306,
1266, 1225, 1161, 1111, 1084, 1044, 977, 957, 825, 800, 742;

DSC (1°/min): a melting endothermic peak which starts at 144.91 °C and
reaches its maximum point at 147.79 °C;

DVS (2 cycles): a moisture content of more than 1% under a relative
humidity of 0 to 90 %; and

XRD (Cu-K, radiation): the diffraction angle (26) and distance between
crystal faces (d) values of peaks having relative intensity (I/I, x 100) values of at

least 20% are summarized in Table 3.
11
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Table 3

200 dA) VL% | 2000 dA) VL (%)
7.5 11.8 97.0 215 4.1 46.6
13.0 6.8 100.0 | 225 3.9 26.0
13.5 6.5 22.1 22.8 3.9 18.9
15.1 5.8 335 24.1 3.7 44.9
15.4 5.7 97.8 26.1 3.4 335
20.0 44 29.6 28.7 3.1 243

Reference Example 2 : Preparation of Crystalline Form II of (+)-lansoprazole
(crystalline 1.5 H,O hydrate)

Crystalline 1.5 H,O hydrate of (+)-lansoprazole was prepared according to
the procedure disclosed in Example 3 of WO 2000/78745.

XRD, DSC, DVS, and IR spectra of the crystal thus obtained are shown in
FIGS. 10, 11, 12, and 13, respectively.

The analysis data of the crystal thus obtained are listed below:

m.p.: 80-90 °C;

specific rotation: [a]p>® = +154.7 (c=1.0, chloroform);

optical purity: 99.9 % ee;

moisture content (Karl-Fisher titrator): 6.8 %;

IR (KBr, cm™): 3631, 3363, 3072, 2976, 1645, 1583, 1475, 1443, 1315,
1262, 1249, 1200, 1110, 1079, 1033, 973, 917, 828, 743;

DSC (1°/min): a dehydration endothermic peak which starts at 69.51 °C and
reaches its maximum at 84.57 °C, and a melting endothermic peak which starts at
146.50 °C and reaches its maximum at 151.73 °C;

DVS (2 cycles): a moisture content of more than 7 % under a relative

humidity of 0 to 90 %; and

12
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XRD (Cu-K, radiation): the diffraction angle (26) and distance between
crystal faces (d) values of peaks having relative intensity (I/I, x 100) values of at

least 20% are summarized in Table 4.

5 Table 4
200 dA) UL(%) | 260 dA) UL (%)
6.7 13.2 21.3 14.9 59 19.2
9.2 9.6 304 || 157 5.6 66.3
10.0 8.9 100.0 17.7 5.0 93.4
11.0 8.0 46.0 25.8 34 19.1
13.4 6.6 35.9 30.0 3.0 10.8

As shown in the results above, the inventive crystalline (+)-lansoprazole
prepared in Examples 1 to 3 are non-hygroscopic and stable, and their melting point
are higher and almost same, in comparison with the conventional crystalline (+)-

10  lansoprazole prepared in Reference Examples 1 and 2.

While the invention has been described with respect to the above specific
embodiments, it should be recognized that various modifications and changes may
be made to the invention by those skilled in the art which also fall within the scope

15 of the invention as defined by the appended claims.

13
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WHAT IS CLAIMED IS:

1. A crystalline (+)-lansoprazole, whose X-ray diffraction spectrum using Cu-K,
radiation comprises a peak having a 100 x I/I, value of at least 20% (wherein I
is the intensity of each peak, and I, is the intensity of the highest peak) at an
interplanar distance (d+0.3A) of 17.4 A.

2. The crystalline (+)-lansoprazole of claim 1, whose X-ray diffraction spectrum
shows peaks having 100 x I/I, values of at least 20% (wherein I is the intensity
of each peak, and I, is the intensity of the highest peak) at interplanar distances
(d+£0.3A) of 17.4, 10.0, 9.6, 8.7, 7.6, 6.6, 5.7, 5.6, 5.0, 4.8, 4.4, and 4.0 A.

3. The crystalline (+)-lansoprazole of claim 1, whose melting point is in the range of

151 to 156 °C.

4. The crystalline (+)-lansoprazole of claim 1, whose differential scanning
calorimetry (DSC) scan shows an endothermic peak which starts at 151+2 °C

and reaches its maximum at 155+2 °C.

5. The crystalline (+)-lansoprazole of claim 1, which contains water in an amount of

1 wt% or less based on the weight of the crystalline (+)-lansoprazole.
6. A pharmaceutical composition comprising the crystalline (+)-lansoprazole
according to any one of claims 1 to 5 as an active ingredient together with a

pharmaceutically acceptable carrier, diluent, or excipient.

7. The composition of claim 6, which is of the form of a capsule or a tablet for oral

administration.
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8. The composition of claim 7, which is of an enteric coated form.

9. The composition of claim 6, which comprises the crystalline (+)-lansoprazole in

the form of an enteric coated pellet.

10. The composition of claim 6, which comprises the crystalline (+)-lansoprazole in

an amount of 0.1 to 95 wt% based on the weight of the composition.

11. The composition of claim 6, which comprises the crystalline (+)-lansoprazole in

an amount of 1 to 70 wt% based on the weight of the composition.

12. The composition of claim 6, which is for treating or preventing one or more
diseases selected from the group consisting of gastritis, duodenitis, reflux
esophagitis, peptic ulcer, duodenal ulcer, NSAIDs(non-steroidal anti-
inflammatory drugs)-induced ulcer, stress ulcer, non-ulcer dyspepsia,
gastrointestinal bleeding, hyperacidity, helicobacter pylori infection disease,

and inflammatory disease.

13. The composition of claim 6, wherein the daily dose for a mammal including
human of the crystalline (+)-lansoprazole is in the range of 5 to 250 mg/kg

body weight.
14. The composition of claim 6, wherein the daily dose for a mammal including

human of the crystalline (+)-lansoprazole is in the range from 10 to 100 mg/kg

body weight.
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