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Abstract

Provided is a stable crystal of a salt of N-[(R)-1-
{ (S)-2-hydroxy-2-phenylpropylamino}propan-2-
yllisoquinoline-6-sulfonamide having desirable properties
for a pharmaceutical drug substance, and more
specifically N-[(R)-1-{(S)-2-hydroxy-2-
phenylpropylamino}propan-2-yl]isoquinoline-6-sulfonamide

dihydrochloride anhydride.
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NEW FORM OF ISOQUINOLINE SULEFONAMIDE

Field of the Invention
[0001]

The present invention relates to a new form of an
isoquinoline sulfonamide compound that is useful as a

pharmaceutical.

Background of the Invention
[0002]

N-[(R)-1-{(S)-2-hydroxy-2-phenylpropylamino}propan-
2-yl]isoquinoline-6-sulfonamide monohydrochloride is a
compound represented by the following formula (1), and it
is described in Patent Document 1 as being useful as a
glaucoma therapeutic and hypotensive agent. Traditionally,
compound (1), a monohydrochloride, has been known as the
only salt of N-[(R)-1-{(S)-2-hydroxy-2-
phenvylpropylamino}propan-2-yl]isoquinoline-6-sulfonamide.

[0003]

[0004]

When placed in the ambient atmosphere and exposed to
alr for a given length of time, a solid powder of
compound (1) gradually loses its powder nature, degrading
to a highly viscous paste. This is because compound (1)

is highly hygroscopic. This nature not only poses a great
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burden on pharmaceutical manufacturers and others, but
also calls for special attention from the viewpoint of
quality control during storage, which presents a problem
to be solved in view of the handleability of compound (1)
for a pharmaceutical drug substance.

[0005]

While compound (1) is classified as what is called
an isoquinoline sulfonamide compound, the following
compounds have so far been known as stable crystals of
drugs of this kind: 1-(5-
isoquinolinesulfonyl) homopiperazine hydrochloride
hemihydrate (Patent Document 2), (S)-(-)-1-(4-
fluoroisoquinolin-5-yl)sulfonyl-2-methyl-1,4-
homopiperazine hydrochloride dihydrate (Patent Document
3), (S)-(-)-1-(4-fluoroisoquinolin-5-yl)sulfonyl-2-
methyl-1,4-homopiperazine hydrochloride anhydride (Patent
Document 4), and (S)-1-(4-chloro-5-isoquinoclinesulfonyl) -
3-(methylamino)pyrrolidine monohydrochloride (Patent
Document 5). As is evident from these examples, a stable
crystal of isoquinoline sulfonamide compound has been
acquired in the form of an anhydride or hydrate of its
monohydrochloride; however, although compound (1) is a
monohydrochloride, any desired stable crystal has been

obtained neither as an anhydride nor as a hydrate.

Citation List

Patent Document

[0006]
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[Patent Document 1] International Patent Publication
2012/086727

[Patent Document 2] Japanese Patent No. 2899953

[Patent Document 3] International Patent Publication
2006/057397

[Patent Document 4] Japanese Patent No. 5819705

[Patent Document 5] International Patent Publication

2009/004792

Summary of the Invention
Technical Problem
[0007]

Accordingly, the present invention is intended to
acquire a stable crystal of a salt of N-[(R)-1-{(S)-2-
hydroxy-2-phenylpropylamino}propan-2-yl]isoquinoline-6-
sulfonamide having desirable properties for a

pharmaceutical drug substance.

Solution to Problem
[0008]

The present inventors conducted extensive
investigations to obtain a stable salt of N-[(R)-1-{(S)-
2-hydroxy-2-phenylpropylamino}propan-2-yl]isoquinoline-6-
sulfonamide, unexpectedly finding that compound (2),
which is represented by the following formula, exhibits
extremely high stability. Specifically, compound (2) is a
dihydrochloride anhydride, and was found to stabilize in

the form of a salt distinct from that of any conventional
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isoquinoline sulfonamide compound. Compound (2) was found
not to exhibit atmospheric hygroscopicity as with
compound (1), and to be stable to heat. Furthermore, in
terms of water solubility, compound (2) was more
favorable than compound (1).

In general, a pharmaceutical drug substance is
desirably in the form of a crystal. Powder X-ray
diffraction analysis of compounds (1) and (2) for
crystallinity showed that compound (1) was amorphous,
whereas compound (2) exhibited crystallinity.

These findings showed that compound (2) had
physicochemical properties that are evidently more
suitable for a pharmaceutical drug substance than those
of compound (1).

[0009]

CE D
ﬁ/ N ()
~N2HCI

Hence, the present invention provides the following

[0010]

entities described in terms [1] to [8]:
[0011]

[1] N-[(R)-1-{(S)-2-hydroxy-2-
phenylpropylamino}propan-2-yl]isoquinoline-6-sulfonamide
dihydrochloride anhydride.

[2] A crystal of N-[(R)-1-{(S)-2-hydroxy-2-
phenylpropylamino}propan-2-yl]isoquinoline-6-sulfonamide

dihydrochloride anhydride having characteristic peaks at
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26 angles of 6.8+0.1°, 10.0+0.1°, 12.740.1°, 14.6+0.1°,
14.8+0.1°, 16.240.1°, 17.440.1°, 17.8+40.1°, 19.540.1°,
20.040.1°, 21.6+0.1°, 24.740.1°, 25.540.1°, 25.840.1°,
29.8+0.1°, 39.5+0.1°, and 44.940.1° in powder X-ray
diffraction spectrum.

[3] A crystal of N-[(R)-1-{(S)-2-hydroxy-2-
phenylpropylamino}propan-2-yl]isoquinoline-6-sulfonamide
dihydrochloride anhydride having characteristic peaks at
about 70315, 114345, 1165£5, 117445, 132545, 165545,
255845, 2634+£5, 269145, 312245, 323545, and 339615 cm!
in infrared absorption spectrum.

[4] A crystal of N-[(R)-1-{(S)-2-hydroxy-2-
phenylpropylamino}propan-2-yl]isoquinoline-6-sulfonamide
dihydrochloride anhydride having an endothermic peak at
about 237°C£5°C in differential scanning calorimetric
analysis.

[5] A crystal of N-[(R)-1-{(S)-2-hydroxy-2-
phenylpropylamino}propan-2-yl]isoquinoline-6-sulfonamide
dihydrochloride anhydride having a water content of from
0% to 0.16% in a water content determination by the Karl
Fischer method.

[6] A manufacturing method for the crystal of N-

[ (R)-1-{(S)-2-hydroxy-2-phenylpropylamino}propan—-2-
yl]lisoquinoline-6-sulfonamide dihydrochloride anhydride
described in any one of terms [2] to [5], comprising
adding not less than 2 equivalents of hydrochloric acid
to N-[(R)-1-{(S)-2-hydroxy-2-phenylpropylamino}propan-2-

yl]lisoquinoline-6-sulfonamide, dissolving the resulting
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solid in ethanol and water, and precipitating the crystal
using a non-ethanol polar solvent.

[7] A pharmaceutical composition comprising the N-
[(R)-1-{(S)-2-hydroxy-2-phenylpropylamino}propan-2-
yl]lisoquinoline-6-sulfonamide dihydrochloride anhydride
described in any one of terms [1] to [5] and a
pharmaceutically acceptable carrier.

[8] Use of the N-[(R)-1-{(S)-2-hydroxy-2-
phenylpropylamino}propan-2-yl]isoquinoline-6-sulfonamide
dihydrochloride anhydride described in any one of terms

[1] to [5] for pharmaceutical manufacture.

Effect of the Invention
[0012]

A crystal of the N-[(R)-1-{(S)-2-hydroxy-2-
phenylpropylamino}propan-2-yl]isoquinoline-6-sulfonamide
dihydrochloride anhydride of the present invention is
less hygroscopic, more stable to heat, and more soluble
in water than compound (1). Therefore, the
dihydrochloride anhydride (2) of the present invention is
a useful salt form having desirable properties for a
pharmaceutical drug substance. Specifically, when a salt
of N-[(R)-1-{(S)-2-hydroxy-2-phenylpropylamino}propan-2-
yl]lisoquinoline-6-sulfonamide is manufactured or used as
a pharmaceutical drug substance, the use of compound (2),
which is a stable dihydrochloride anhydride, makes it
easier to handle the salt from the viewpoint of not only

workability, but also quality control. When compound (2)
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no special operations
etc. to improve
and there are only a few

about precipitation under refrigeration, etc.,

because of its good solubility in water.

Brief Description of the Drawings

[0013]

FIG. 1 shows a powder X-ray diffraction spectrum of
compound (2).

FIG. 2 shows a powder X-ray diffraction spectrum of
compound (1)

FIG. 3 shows an infrared absorption spectrum of
compound (2)

FIG. 4 shows an infrared absorption spectrum of
compound (1) .

FIG. 5 shows a differential scanning calorimetric
analysis result of compound (2).

FIG. 6 shows a differential scanning calorimetric
analysis result of compound (1).

FIG. 7 shows the moisture absorption stability of
compound (2) and compound (1).

FIG. 8 shows the moisture absorption stability of
compound (2), compound (3), and compound (4).

FIG. 9 shows the heat stability of compound (2) and
compound (1) .

FIG. 10 shows the water solubility of compound (2) and
compound (1) .
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Detailed Description of the Invention
[0014]

The N-[ (R)-1-{(S)-2-hydroxy-2-
phenylpropylamino}propan-2-yl]isoquinoline-6-sulfonamide
dihydrochloride anhydride of the present invention can be
manufactured using the following method:

First, the free form N-[(R)-1-{(S)-2-hydroxy-2-
phenylpropylamino}propan-2-yl]isoquinoline-6-sulfonamide
can be manufactured using the method described in Patent
Document 1. When 2 equivalents or more of hydrochloric
acid is added to the thus-obtained free form dissolved in
an organic solvent, a crystal of dihydrochloride
anhydride is obtained. By dissolving the resulting
crystal in ethanol and water, and precipitating the
solute using a non-ethanol polar solvent such as
acetonitrile, 1,4-dioxane, acetone, or isopropyl alcohol,
a highly pure crystal can be manufactured.

In more detail, the free form becomes a crystal of
dihydrochloride anhydride when 2 equivalents or more of
hydrochloric acid is added after the free form is
dissolved in an organic solvent such as dichloromethane,
1,4-dioxane, or ethanol. The amount of organic solvent
used here may be an amount that allows the free form to
dissolve therein. The amount of hydrochloric acid added
may be an amount of 2 equivalents or more, and there is

no need to add it in large excess.
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The resulting crystal of dihydrochloride is
dissolved in 30°C-80°C ethanol, water is added at the
same temperature, and the mixture is stirred to
completely dissolve the crystal. The amount of ethanol
used here is preferably from 6 to 30 mL per gram of the
crystal of dihydrochloride. The amount of water used is
preferably from 1 to 3 mL per gram of the crystal of
dihydrochloride.

Subsequently, by adding a non-ethanol polar solvent
such as acetonitrile, 1,4-dioxane, acetone, or isopropyl
alcohol, and cooling the mixture to 0°C-30°C, a highly
pure crystal of the compound (2) of the present invention
can be obtained. The amount of non-ethanol polar solvent
used here is preferably from 18 to 90 mL per gram of the
crystal of dihydrochloride. A highly pure crystal as
mentioned herein refers to one having an HPLC purity of
99% or higher.

[0015]

The resulting compound (2) is a crystal, having
characteristic peaks at 26 angles of 6.8+0.1°, 10.0+0.1°,
12.7+40.1°, 14.640.1°, 14.840.1°, 16.2+0.1°, 17.440.1°,
17.8+0.1°, 19.540.1°, 20.040.1°, 21.6+0.1°, 24.740.1°,
25.540.1°, 25.840.1°, 29.840.1°, 39.5+0.1°, and 44.940.1°
in powder X-ray diffraction spectrum. Here, powder X-ray
diffraction can be measured by exposure to a copper Ko
ray.

[0016]
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In addition, compound (2) has characteristic peaks
at about 70345, 114345, 116545, 117445, 132545, 165545,
255845, 2634+£5, 269145, 312245, 323545, and 339615 cm!
in infrared absorption spectrum.

[0017]

Compound (2) has an endothermic peak at about
237°C+£5°C in differential scanning calorimetric analysis.
In addition, compound (2) has a water content of from 0%
to 0.16% in a water content determination by the Karl
Fischer method.

[0018]

As shown in FIG. 7 or FIG. 8, the compound (2) of
the present invention did not at all exhibit any weight
change due to water absorption in the ambient atmosphere
or during storage at 50°C/70% RH. The compound (1)
described in Patent Document 1 or compounds (3) and (4),
on the other hand, were found to exhibit a weight gain
due to water absorption and marked property change under
the respective conditions. Furthermore, as shown in FIG.
9, the compound (2) of the present invention was stable
at 70°C, whereas compound (1) was unstable with an
evident change in appearance. These findings showed that
the compound (2) of the present invention was less
hygroscopic and more stable to heat than compound (1).
When a 5% aqueous solution of each of compound (1) and
the compound (2) of the present invention was prepared,
and their transparencies were compared, the aqueous

solution of compound (2) was colorless and clear, whereas
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the aqueous solution of compound (1) was translucent and
had not dissolved completely. Hence, the results
suggested that the compound (2) of the present invention
has a higher water solubility (FIG. 10).

[0019]

The compound (2) of the present invention is useful
as an active ingredient for glaucoma therapeutics and
hypotensive agents.

The compound (2) of the present invention can be
administered both orally and parenterally. Dosage forms
that can be used include tablets, capsules, granules,
powders, injections, and eye lotions, which may be used
in combination with commonly used techniques.

[0020]

For oral formulations such as tablets, capsules,
granules, and powders, the following, for example, may be
prepared in combination with the present invention
compound as required: excipients such as lactose,
mannitol, starch, crystalline cellulose, light silicic
anhydride, calcium carbonate, and calcium hydrogen
phosphate; lubricants such as stearic acid, magnesium
stearate, and talc; binders such as starch,
hydroxypropylcellulose, hydroxypropylmethylcelllulose,
and polyvinylpyrrolidone; disintegrants such as
carboxymethylcelllulose, low-substitutional
hydroxypropylmethylcelllulose, and calcium citrate;
coating agents such as hydroxypropylmethylcelllulose,

macrogol, and silicone resin; stabilizers such as ethyl
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para-oxybenzoate and benzyl alcohol; taste/odor
correctives such as sweeteners, souring agents, and
flavors; and other additives.

For parenteral preparations such as injections and
eye lotions, the following, for example, may be prepared
in combination with the present invention compound (2) as
required: isotonizing agents such as glycerol, propylene
glycol, sodium chloride, potassium chloride, sorbitol,
and mannitol; buffering agents such as phosphoric acid,
phosphates, citric acid, glacial acetic acid, e-
aminocaproic acid, and trometamol; pH regulators such as
hydrochloric acid, citric acid, phosphoric acid, glacial
acetic acid, sodium hydroxide, potassium hydroxide,
sodium carbonate, and sodium hydrogen carbonate;
solubilizers or dispersing agents such as polysorbate 80,
polyoxyethylene hardened castor oil 60, macrogol 4000,
purified soybean lecithin, and polyoxyethylene (160)
polyoxypropylene (30) glycol; cellulose polymers such as
hydroxypropylmethylcelllulose and hydroxypropylcellulose;
thickening agents such as polyvinyl alcohol and
polyvinylpyrrolidone; stabilizers such as edetic acid and
sodium edetate; general-purpose preservatives or
antiseptics such as sorbic acid, potassium sorbate,
benzalkonium chloride, benzetonium chloride, methyl para-
oxybenzoate, propyl para-oxybenzoate, and chlorobutanol;
and analgesics such as chlorobutanol, benzyl alcohol, and

lidocaine.
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In the case of an injection or eye lotion, it is
desirable that the pH be set at from 4.0 to 8.0, and that
osmotic pressure ratio be set at about 1.0.

[0021]

A dose of the compound (2) of the present invention
can be optionally chosen according to symptoms, age,
dosage form, and other factors. In the form of an oral
formulation, for example, the compound (2) of the present
invention can be administered usually at a daily dose of
from 0.01 to 1000 mg, preferably from 1 to 100 mg, once
or in several divided doses.

In the form of an eye lotion, the compound (2) of
the present invention can be administered usually at a
concentration of from 0.0001% to 10% (w/v), preferably
from 0.01% to 5% (w/v), once or in several divided doses.
In the case of intravenous administration, the daily dose
rages from 0.1 to 100 mg per person, preferably from 1 to
30 mg per person. In the case of oral administration, the
daily dose rages from 1 to 1000 mg per person, preferably
from 10 to 30 mg per person. In some cases, a lower dose
is sufficient; in other cases, a higher dose may be
required. The compound (2) of the present invention may

be administered in two to three divided doses per day.

Examples
[0022]
The present invention is hereinafter described

specifically by means of the following Examples and Test
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Examples, which, however, are not to be construed as
limiting the present invention.

[0023]

Synthesis of crystal of N-[(R)-1-{(S)-2-hydroxy-2-
phenylpropylamino}propan-2-yl]isoquinoline-6-sulfonamide
dihydrochloride anhydride

[0024]

Example 1

N-[(R)-1-{(S)-2-hydroxy-2-phenylpropylamino}propan-
2-yl]isoquinoline-6-sulfonamide manufactured using the
method described in Patent Document 1 (0.374 g) was
dissolved in ethanol (10 mL), 2M hydrochloric acid
diethyl ether solution (2 mL) was added at room
temperature, and the mixture was stirred for 2 hours. The
precipitated solid was filtered, and the resulting
filtrate was dried under reduced pressure to obtain a
crystal (0.378 qg).

Ethanol (200 mL) was added to the thus-obtained
crystal (33.4 g), and water (40 mL) was added with
stirring at 80°C to completely dissolve the crystal.
Acetonitrile (600 mL) was added, and the mixture was
stirred at room temperature for 2 hours. The precipitated
solid was filtered, and the resulting filtrate was dried
under reduced pressure to obtain a highly pure white
crystal (25.0 g, HPLC purity 99.7%). 'H NMR (D-O, & ppm):
0.83 (3H, d), 1.73 (3H, s), 2.98 (1H, dd), 3.19 (1H, dd),
3.44 (1w, d), 3.64 (1H, d), 3.79-3.80 (1H, m), 7.45 (1H,

dd), 7.53 (2H, dd), 7.59 (2H, dd), 8.25 (1H, dd), 8.51
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(1, d), 8.62 (1H, d), 8.69 (1H, d), 8.73 (1H, s), 9.74
(1H, s). MS m/z 400 [M+H]*.
[0025]
Example 2

The crystal of N-[(R)-1-{(S)-2-hydroxy-2-
phenylpropylamino}propan-2-yl]isoquinoline-6-sulfonamide
dihydrochloride anhydride obtained in Example 1 (250 mg)
was subjected to the same operations as Example 1 except
that 1,4-dioxane was used in place of acetonitrile, to
obtain a highly pure white crystal (216 mg). The 'H NMR
data were the same as those of the crystal obtained in
Example 1.
[0026]
Example 3

The crystal of N-[(R)-1-{(S)-2-hydroxy-2-
phenylpropylamino}propan-2-yl]isoquinoline-6-sulfonamide
dihydrochloride anhydride obtained in Example 1 (250 mg)
was subjected to the same operations as Example 1 except
that acetone was used in place of acetonitrile, to obtain
a highly pure white crystal (200 mg). The 'H NMR data
were the same as those of the crystal obtained in Example
1.
[0027]
Example 4

The crystal of N-[(R)-1-{(S)-2-hydroxy-2-
phenylpropylamino}propan-2-yl]isoquinoline-6-sulfonamide
dihydrochloride anhydride obtained in Example 1 (250 mg)

was subjected to the same operations as Example 1 except
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that isopropyl alcohol was used in place of acetonitrile,
to obtain a highly pure white crystal (120 mg). The 'H
NMR data were the same as those of the crystal obtained
in Example 1.

[0028]

Synthesis of reference compounds is described below.
Although Patent Document 1 does not describe in detail
how to prepare the monohydrochloride and dihydrochloride,
it is possible to control the number of added
hydrochloric acid molecules by adding 1 equivalent of
hydrochloric acid or 2 equivalents or more of
hydrochloric acid to the free compound.

[0029]

Reference Example 1

Synthesis of N-[(R)-1-{(S)-2-hydroxy-2-
phenylpropylamino}propan-2-yl]isoquinoline-6-sulfonamide
monohydrochloride (1)

N-[(R)-1-{(S)-2-hydroxy-2-phenylpropylamino}propan-
2-yl]isoquinoline-6-sulfonamide manufactured using the
method described in Patent Document 1 (1.95 g) was
dissolved in dichloromethane (5 mL) and diethyl ether (20
mL), 1M hydrochloric acid diethyl ether solution (4.7 mL)
was added at room temperature, and the mixture was
stirred for 2 hours. Thereafter, the precipitated solid
was filtered, and the resulting filtrate was dried under
reduced pressure to obtain the desired product as a white
solid (1.85 g, HPLC purity 98.4%). The H NMR data agreed

with the data shown in Patent Document 1.
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[0030]

Reference Example 2

Synthesis of (R)-N-{1-(phenetylamino)propan—-2-
yl}isoquinoline-6-sulfonamide dihydrochloride (3)

The title compound was obtained as a white solid
using the method described in Patent Document 1. The 'H
NMR data agreed with the data shown in Patent Document 1.
[0031]

Reference Example 3
Synthesis of N-[(R)-1-{(R)-2-phenylpropylamino}propan-2-
yl]lisoquinoline-6-sulfonamide dihydrochloride (4)

The title compound was obtained as a white solid
using the method described in Patent Documents 1. The !H
NMR data agreed with the data shown in Patent Document 1.
[0032]

The thus-obtained highly pure crystal of the
compound (2) of the present invention was subjected to
elemental analysis, powder X-ray diffraction, infrared
absorption spectrometry, differential scanning
calorimetric analysis, and moisture content measurement.
The results are shown below.

[0033]
(1) Elemental analysis

Results of elemental analysis of compound (2) (MICRO
CORDER JM10 model from J-SCIENCE LAB Co., Ltd.) are shown
below. The numeric values in the parentheses are
calculated values from the molecular formula C,1H>7C1.N303S

for the compound (2) of the present invention.
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C, 53.30% (53.39%); H, 5.78% (5.76%); N, 6.91

o]

(8.89%)
[0034]
(2) Powder X-ray diffraction

In powder X-ray diffraction (RINT-TTRIII model wide-
angle X-ray diffraction analyzer from Rigaku Corporation),
a crystal of the dihydrochloride anhydride (2) of the
present invention exhibited the pattern shown in FIG. 1
with characteristic peaks at diffraction angles (206) of

6.80°, 10.0°, 12.7°, 14.6°, 14.8°, 16.2°, 17.4°, 17.8°,

and 44.9°. Shown for reference in FIG. 2 is a powder X-
ray diffraction spectrum of compound (1). As is evident
from FIG. 2, compound (1), unlike the compound (2) of the
present invention, was amorphous.
[0035]
(3) Infrared absorption spectra

When determined using an infrared spectrophotometer
(FTS7000e from Agilent Technologies, Inc.), the infrared
absorption spectrum of a crystal of the compound (2) of
the present invention exhibited the pattern shown in FIG.
3 with characteristic peaks at about 703, 1143, 1165,
1174, 1325, 1655, 2558, 2634, 2691, 3122, 3235, and 3396
cm!. Shown for reference in FIG. 4 is an infrared
absorption spectrum of compound (1). As is evident from
FIG. 4, compound (1) exhibited absorption peaks distinct
from those of the compound (2) of the present invention.
[0036]

(4) Differential scanning calorimetric analysis
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In differential scanning calorimetric analysis (DSC-
50 differential scanning calorimeter from Shimadzu
Corporation), the endothermic peak of the crystal of the
compound (2) of the present invention was at 237°C, as
shown in FIG. 5. Shown for reference in FIG. 6 are
results of differential scanning calorimetric analysis of
compound (1). As is evident from FIG. 6, compound (1)
exhibited an endothermic peak distinct from that of the
compound (2) of the present invention.
[0037]
(2) Water content

As determined using the Karl Fischer method (MKC-610
Karl Fischer moisture meter from Kyoto Electronics
Manufacturing Co., Ltd.), the water content of the
crystal of the compound (2) of the present invention was
0.16%.
[0038]
Test Example 1
Moisture absorption stability comparative test in the
ambient atmosphere

About 100 mg of each of the compound (1) obtained in
Reference Example 1 and the compound (2) of the present
invention obtained in an Example was weighed out in a
plastic container and allowed to stand in the ambient
atmosphere (25°C-28°C/67%-83% RH), while minimizing the
influence of wind pressure, foreign matter entry, and the

like from above and all directions, for 7 days. On Day O
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and Day 7, samples were weighed and examined for
appearance.

The results are shown in FIG. 7. Compound (1)
exhibited a percent increase in weight of 11% on Day 7.
In addition, an evident moisture absorption phenomenon
was noted in appearance, strongly suggesting the weight
gain to be due to water absorption. On the other hand,
the compound (2) of the present invention exhibited no
weight gain or appearance change even on Day 7.

These findings showed that the compound (2) of the
present invention was less hygroscopic than compound (1).
[0039]

Test Example 2
Moisture absorption stability comparative test at
50°C/70% RH

A 100-mg weight of each of the crystals of compounds
(3) and (4) obtained in Reference Examples 2 and 3,
respectively, and the compound (2) of the present
invention obtained in an Example was weighed out in a
plastic container and allowed to stand under 50°C/70% RH
conditions in a thermo-hygrostat chamber (IH400 from
Yamato Scientific Co., Ltd.).

The results are shown in FIG. 8. Compounds (3) and
(4) exhibited a marked appearance change due to moisture
absorption after 1 hour of standing, and their weights
increased by 15% and 17%, respectively. Therefore, the
testing was prematurely discontinued. On the other hand,

the crystal of the compound (2) of the present invention
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exhibited no appearance change nor weight gain. Likewise,
after 3 days of standing, no change was observed, nor was
there any change in the powder X-ray diffraction peak
pattern.

These findings showed that compounds (3) and (4)
exhibited evidently higher hygroscopicity, although they
are dihydrochlorides of molecules structurally analogous
to the compound (2) of the present invention.

[0040]
Test Example 3
Heat stability comparative test

About 20 mg of each of the compound (1) of Reference
Example 1 and the crystal of the compound (2) of the
present invention obtained in an Example was weighed out
in a glass vial and stored in a thermostat chamber kept
at 70°C in an airtight state (NA-100N Incubator from
NISSIN) for 14 days. On Day 0, Day 7, and Day 14,
compound (1) and the compound (2) of the present
invention were examined for appearance and purity (HPLC).

The results are shown in FIG. 9. The solid of
compound (1) adhered firmly to the bottom of the glass
vial on Day 7, and its appearance changed to a foamy
matter with volume expansion, showing a marked property
degradation. Therefore, the testing was prematurely
discontinued. On the other hand, the crystal of the
compound (2) of the present invention was stable, with no

change in appearance nor decomposition, even on Day 14.
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Nor was there any change in the powder X-ray diffraction
peak pattern.
[0041]
Test Example 4
Water solubility comparative test
About 100 mg of each of the compound (1) of
Reference Example 1 and the crystal of the compound (2)
of the present invention was weighed out in a glass vial,
2 mL of purified water was added, and the mixture was
vigorously shaken in an airtight state. After being
allowed to stand until the liquid surface fluctuation
ceased, the aqueous solution was examined for
transparency by visual observation at room temperature.
The results are shown in FIG. 10. The aqueous
solution of compound (1) was translucent. The aqueous
solution of the crystal of the compound (2) of the
present invention, on the other hand, was extremely clear,
showing complete dissolution. In addition, 1 day later, a
precipitate was found on the bottom of the vial of the
aqueous solution of compound (1), whereas no precipitate

was found from the compound (2) of the present invention.

Industrial Applicability
[0042]

The N-[ (R)-1-{(S)-2-hydroxy-2-
phenylpropylamino}propan-2-yl]isoquinoline-6-sulfonamide
dihydrochloride anhydride (2) according to the present

invention is a new crystal having not only low

Date Regue/Date Received 2021-05-20



CA 03120751 2021-05-20

HDKOOOS
- 23 -

hygroscopicity, but also high stability to heat and good
water solubility, thus possessing extremely desirable

properties for a pharmaceutical drug substance.
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Claims

[Claim 1]

N-[(R)-1-{(S)-2-hydroxy-2-phenylpropylamino}propan-
2-yvl]isoquinoline-6-sulfonamide dihydrochloride anhydride.
[Claim 2]

A crystal of N-[(R)-1-{(S)-2-hydroxy-2-
phenylpropylamino}propan-2-yl]isoquinoline-6-sulfonamide
dihydrochloride anhydride having characteristic peaks at
26 angles of 6.8+0.1°, 10.0+0.1°, 12.740.1°, 14.6+0.1°,
14.8+0.1°, 16.240.1°, 17.440.1°, 17.8+40.1°, 19.540.1°,
20.040.1°, 21.6+0.1°, 24.740.1°, 25.540.1°, 25.840.1°,
29.8+0.1°, 39.5+0.1°, and 44.940.1° in powder X-ray
diffraction spectrum.

[Claim 3]

A crystal of N-[(R)-1-{(S)-2-hydroxy-2-
phenylpropylamino}propan-2-yl]isoquinoline-6-sulfonamide
dihydrochloride anhydride having characteristic peaks at
about 70315, 114345, 1165£5, 117445, 132545, 165545,
255845, 2634+£5, 269145, 312245, 323545, and 339615 cm!
in infrared absorption spectrum.

[Claim 4]

A crystal of N-[(R)-1-{(S)-2-hydroxy-2-
phenylpropylamino}propan-2-yl]isoquinoline-6-sulfonamide
dihydrochloride anhydride having an endothermic peak at
about 237°C£5°C in differential scanning calorimetric
analysis.

[Claim 5]
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A crystal of N-[(R)-1-{(S)-2-hydroxy-2-
phenylpropylamino}propan-2-yl]isoquinoline-6-sulfonamide
dihydrochloride anhydride having a water content of from
0% to 0.16% in a water content determination by the Karl
Fischer method.

[Claim 6]

A manufacturing method for the crystal of N-[(R)-1-
{ (S)-2-hydroxy-2-phenylpropylamino}propan-2-
yl]lisoquinoline-6-sulfonamide dihydrochloride anhydride
described in any one of claims 2 to 5, comprising:

adding not less than 2 equivalents of hydrochloric
acid to N-[(R)-1-{(S)-2-hydroxy-2-
phenylpropylamino}propan-2-yl]isoquinoline-6-sulfonamide,

dissolving the resulting solid in ethanol and water,
and

precipitating the crystal using a non-ethanol polar
solvent.

[Claim 7]

A pharmaceutical composition comprising:

the N-[(R)-1-{(S)-2-hydroxy-2-
phenylpropylamino}propan-2-yl]isoquinoline-6-sulfonamide
dihydrochloride anhydride described in any one of Claims
1 to 5; and

a pharmaceutically acceptable carrier.

[Claim 8]
Use of the N-[(R)-1-{(S)-2-hydroxy-2-

phenylpropylamino}propan-2-yl]isoquinoline-6-sulfonamide
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dihydrochloride anhydride described in any one of Claims

1 to 5 for pharmaceutical manufacture.
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Drawings
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[FIG. 7]
Standing ti int Day 7
Compound Parameter R Percent :Zto raphic
P Day O Day 7 increase P srap
Weight 100 mg 111 mg
Monohydrochloride Light-
(1) ! Appearance White fllow 11%
PP solid ¥
paste
Weight 102 mg 102 mg
Dihydrochloride (2) White White 0%
Appearance
crystal crystal
[FIG. 8]
Standing time point Photographic
Compound Parameter Day O Percent appearance
Day 3 increase | after
Oh 1h .
standing
Weight 100 mg 115 mg - 0
Compound Light-
(3) P Appearance White Ic;gllow - 15%
PP solid y
paste
Weight 100 mg 117 mg -
Compound . Light-
(4) ’ Appearance White Ic;gllow - 17%
PP solid ¥
paste
Weight 100 mg 100 mg 100 mg
Dihydrochloride
Y White | White | White | 0%
(2) Appearance
crystal crystal crystal
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[FIG. 9]

Storage time point
Day 0 Day 7 Day 14
White solid White foam matter

Compound Parameter

Appearance
Monohydrochloride (1) PP

Purity (%) 98.4 98.5 -

White crystal | White crystal White crystal

A
Dihydrochloride (2) ppearance

Purity (%) |99.7 99,7 99,7

[FIG. 10]
Parameter Compound in aqueous solution
Monohydrochloride (1)
Appearance
Precipitate
il
Observed Not observed
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