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ABSTRACT

The present invention provides a production intermediate

-

of an atropisomer of a pyrrole derivative having excellent

mineralocorticoid receptor antagonistic activity, a method

for producing the same, and a crystal thereof. A method for

producing an atropisomer of a pyrrole derivative including a

step of resolving a compound represented by the following

general formula (I) [wherein R! represents a methyl group or
a trifluoromethyl group, R? represents a hydrogen atom or a
Cl-C3 alkoxy group, and n represents an integer selected from
1 to 3] 1nto 1ts atropisomers, characterized by using an
optically active amine having a cinchonine skeletal formula,
and a crystal of
(S)-1-(Z2-hydroxyethyl)-4-methyl-N-[4-(methylsulfonyl)pheny
1]-5-[2-(trifluoromethyl)phenyl]-1H-pyrrole-3-carboxamide.

R r' OH
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DESCRIPTION

IVATIVE AND METHOD

[*]
X

Invention: CRYSTAL OF PYRROLE Di

)

Title O:

L]

FOR PRODUCING THE SAM!

Technical Field

[0001]

The present invention relates to a crystal of an

atropisomer of a pyrrole derivative having excellent

mineralocorticoid receptor antagonistic activity, a method

for producing the same, and a production intermediate thereot.

Background Art

[0002]

The mineralocorticoid receptor  (MR) (aldosterone
receptor) is known to play an important role in regulating
electrolyte balance and blood pressure 1in the body. For

example, MR antagonists such as spironolactone and eplerenone,

both of which have a steroidal structure, are known to be useful

for the treatment of hypertension and heart failure.

[0003]

A pyrrole derivative having excellent mineralocorticoid

receptor antagonistic activity is disclosed in PTL 1 and PTL

2 and is known to be useful for the treatment of hypertension,

angina pectoris, acute coronary syndrome, congestive heart
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failure, nephropathy, arteriosclerosis, cerebral infarction,

fibrosis, primary aldosteronism, or a heart disease

(particularly, hypertension or diabetic nephropathy).

Citation List
Patent Literature

10004 ]

PTL. 1: WO 2006/0120642 (US Publication No. UsS

2008-0234270)

PTL 2: WO 2008/056907 (US Publication No. Us

2010-0093820)

1)

Invention

summary O:

Technical Problem

[0005]

A substance to be used for a pharmaceutical product 1is

required to have strictly high purity so as not to cause

unpredicted side effects (for example, toxicity, etc.) due to
its impurities. Further, in its industrial production method
(mass productionmethod), impurities are required to be removed
by a simpler operation.

[00006]

In addition, it is important that a pharmaceutical drug

substance can be stored for a long period of time while

maintaining its quality. In the case where 1t 1s necessary
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to store a pharmaceutical drug substance under low temperature

conditions, a large-scale refrigeration facility is needed for

maintaining quality, and therefore, 1t 1s 1industrially

meaningful to find a stable crystal which can be stored at room

temperature or higher.

(000 7]

Under such circumstances, the present i1nventors made

intensive studies for developing a method for producing a
pyrrole derivative having excellent MR antagonistic activity
with higher quality in higher yield by using a more industrially
advantageous operation method with lower environmental impact.

o~ g
=y -

As a result, they found a method for efficient resolution of

an atropisomer of a novel synthetic intermediate, and based

on this finding, they established a method for producing a

pyrrole derivative with high quality in high yield by using
an industrially advantageous operation, and thus completed the

present invention.

Solution to Problem

(00083 ]

R

The present inventors intensively studled a crystal or

an atropisomer of a pyrrole derivative, a production

i
—

intermediate thereof, and an efficient method for producing

the same so as to improve solubility, purity, stability, and

the 1ike for enhancing the medical usefulness of an atropisomer
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of a pyrrole derivative having excellent mineralocorticoid

receptor antagonistic activity.

Hereinafter, the present invention will be described 1in

detail.

(0009]

The present invention 1s directed to:

(1) a method for resolving a compound represented by the

following general formula (I):
[0010]

[ Chem. 1]

(0011 ]

[wherein R! represents amethyl group or a trifluoromethyl group,

RZ2 represents a hydrogen atom or a Cl-C3 alkoxy group, and n

represents an integer selected from 1 to 3] 1into 1its

atropisomers, characterized by using an optically active amine

A

having a cinchonine skeletal formula;

(2) the method according to the above (1), wherein the

optically active amine is one compound selected from the group

b

of compounds represented by the following formulae:

[0012]
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[ Chem. 2]
N N N N

HO

AN HSCO N N H3CO N

N N7 NZ NZ

Cinchonine Quinine Cinchonidine Quinidine
’
[O0013]

(3) the method according to the above (1), wherein the

optically active amine is gquinine represented by the followiling

formula:

10014]

[ Chem. 3]

H4CO

(0015]

(4) the method according to any one of the above (1) to

(3), wherein the method is performed in an organic solvent or

a mixed solvent of an organic solvent and water;

(5) the method according to any one of the above (1) to

(4), wherein the compound represented by the general formula

(I) 1s the following compound (Ia):

[0016]

[Chem. 4]
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[0017]
(0) a method for producing

(S)-1-(2-hydroxyethyl)-4-methyl-N-[{4- (methylsul:

"onyl)pheny

“luoromethyl)phenyl]-1H-pyrrole-3-carboxamide

1]-5-[2-(tri:

represented by the following formula (A):
(0018]
[Chem. 8]
e
o:"-—S\b
(A)
[0019]
characterized by obtaining one atroplisomer of

“luoromethyl) phe

(RS)-1-(2-hydroxyethyl)-4-methyl-5-[2-(tri:
nyl] -1H-pyrrole-3-carboxylic acid represented Dby the

following formula (Ia):

| —_—
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[0021]

by resolution using an optically active amine having a

cinchonine skeletal formula, removing the optically active

amine under acidic conditions, followed by reactionwith oxalyl

chloride, thereby forming the following intermediate compound

(IIa) :

[(0022]

[Chem. 0]

O

CFgf//\“D’u\jr’Cl

N O

\
H3C Cl
O
(IIa)

[0023]

and then further reacting the intermediate compound (IIa) with

4- (methylsulfonyl)aniline, thereby forming the following
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intermediate compound (IIIa):
(0024]

[Chem. /]

i H
oJ\n/N
cFs [ CH,
N O Eg
\‘O

\ / 0~

0=S—CHs

O
(II1a)

[0025]
followed by a base treatment;
(6-1) the production method according to the above (0),

wherein the reaction temperature during the reaction with

oxalyl chloride for obtaining the intermediate compound (lIa)

and during the reaction between the intermediate compound (lLIa)

and 4- (methylsulfonyl)aniline is 20°C or lower;

(6-2) the production method according to the above (0),

wherein the method includes a step of 1isolating the

intermediate compound (IIIa);

(6-3) the production method according to the above (0),

whereiln the one atroplsomer of

(RS)-1-(2-hydroxyethyl)-4-methyl-5-[2-(trifluoromethyl)phe
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nyl]-1H-pyrrole-3-carboxylic acld 1s

(S)-1-(2-hydroxyethyl)-4-methyl-5-[2-(trifluoromethyl)phen
yl]-1H-pyrrole-3-carboxylic acid;

(7)

(RS)-1-(2-hydroxyethyl)-4-methyl-5-{2-(trifluoromethyl)phe

nyl]-1lH-pyrrole-3-carboxylic acid  represented Dby the

following formula (Ia):
(0020]

[Chem. 10]

(0027]

which 1S an intermediate for producing

(S)-1-(2-hydroxyethyl) -4-methyl-N-[4- (methylsulfonyl)pheny

11-5-[2-(trifluoromethyl)phenyl]-1H-pyrrole-3-carboxamide

represented by the following formula (A):
[(0028]

'Chem. 9]
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(A)

[0029]

(8) an optically active amine salt (the optically active

amine 1s one compound selected from cinchonine, quinine,

F

cinchonidine, and gquinidine) of a compound represented by the

following general formula (I):
[0030]

[Chem. 11]

[0031]

[wherein R! represents amethyl groupor a trifluoromethyl group,

R?2 represents a hydrogen atom or a Cl-C3 alkoxy group, and n

represents an integer selected from 1 to 3];

(8-1)

(S)-1-(2-hydroxyethyl)-4-methyl-5-[2-(trifluoromethyl)phen
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v1l]-1lH-pyrrole-3-carboxylic acid quinine salt;

-C

(9) a crystal O

(S)-1-(2-hydroxyethyl)-4-methyl-N-[4- (methylsulfonyl)pheny

1]-5-[2-(trifluoromethyl)phenyl]-1H-pyrrole-3-carboxamide

represented by the above formula (A), which shows

characteristic peaks at diffraction angles 20 of 6.80, 17.06,

19.24, 22.80, and 25.48 in a powder X-ray diffraction pattern

obtained by irradiation with copper Ka radiation (wavelength

A = 1.54 A);

)

(10) a crystal O

(S)-1-(2-hydroxyethyl)-4-methyl-N-[4- (methylsulfonyl)pheny

1]1-5-[2-(trifluoromethyl)phenyl]-1H-pyrrole-3-carboxamide

represented by the above formula (A), which shows main peaks

at diffraction angles 20 of 6.80, 12.32, 13.60, 14.40, 16.30,

17.06, 18.42, 19.24, 19.86, 20.36, 20.82, 21.84, 22.50, 22.80,

23.20, 23.50, 24.60, 24.88, 25.48, 26.96, 27.52, 29.26, 31.80,

32.08, 35.82, 40.32, and 41.36 in a powder X-ray diffraction
pattern obtained by irradiation with copper Ko radiation

(wavelength A = 1.54 A);

{1}

(10-1) a crystal o}

(S)-1-(2-hydroxyethyl) -4-methyl-N-[4- (methylsulfonyl)pheny

11-5-[2-(trifluoromethyl)phenyl]-1H-pyrrole-3-carboxamide,

which has the X-ray diffraction pattern shown 1n Fig. 1 1n a

fraction pattern obtained by irradiation with

U

powder X-ray di:

copper Ko radiation (wavelength A = 1.54 A);
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(11) a pharmaceutical composition, containing the
crystal according to the above (9) or (10) as an active
ingredient;

(12) a prophylactic or therapeutic agent for

hypertension, angina pectoris, acute coronary syndrome,

congestive heart failure, nephropathy, arteriosclerosis,

cerebral infarction, fibrosis, primary aldosteronism, or a
heart disease, containing the crystal according to the above
(9) or (10) as an active 1ngredient;

(13) a prophylactic or therapeutic agent for
hypertension, containing the crystal according to the above

(9) or (10) as an active 1ngredient;

(13-1) a therapeutic agent for hypertension, containing
the crystal according to the above (9) or (10) as an active

ingredient;

(14) a prophylactic or therapeutic agent for diabetic

nephropathy, containing the crystal according to the above (9)

or (1l0) as an active ingredient;

(14-1) a therapeutic agent for diabetic nephropathy,
containing the crystal according to the above (9) or (10) as

an active 1ingredient;

(15) use of the crystal according to any one of the above

(9) or (10) for producing a medilcament;

(16) use of the crystal according to the above (39) or

L.b

(10) for producing a medicament for preventing or treating
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hypertension, angina pectoris, acute coronary syndrome,

congestive heart failure, nephropathy, arteriosclerosis,

cerebral infarction, fibrosis, primary aldosteronism, or a

heart disease;

(17) use of the crystal according to the above (9) or

(10) for producing a medicament for treating hypertension; and

(18) use of the crystal according to the above (9) or

(10) for producing a medicament for treating diabetic
nephropathy.
[(0032]

(S)-1-(2-Hydroxyethyl)-4-methyl-N-[4- (methylsulfonyl

)phenyl]-5-[2-(trifluoromethyl)phenyl]-1H-pyrrole-3-carbox

amide represented by the following formula (A):

[0033]

[Chem. 12]

(A)

(0034 ]

is sometimes referred to as Compound (A) in thilis description.

[0035]
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In the present invention, %“crystal” refers to a solid

whose internal structure is three-dimensionally composed of

a regular repetition of constituent atoms (or a group thereof),

and 1s distinguished from an amorphous solld which does not

have such a regular 1nternal structure.

[0030]

The crystal of the present invention may sometimes form
a hydrate by allowing the crystal to stand in the alr to absorb
water, thereby having attached water, or by heating the crystal
to 25 to 150°C in usual atmospheric conditions, etc. Further,

—

the crystal of the present invention may sometimes contaln a

-

solvent used at the time of crystallization 1n an attached

residual solvent or a solvate.

[0037]

In this description, the crystal of the present invention

is sometimes represented on the basis of powder X-ray

T

di:

fraction data. In the powder X-ray diffraction,

measurement and analysis may be performed by a method

conventionally used in this field, and for example, the powder

X-ray diffraction can be performed by a method described 1in

the Examples. Further, in general, in the case of a hydrated

or dehydrated crystal, the lattice constant thereof 1s changed

F

by the addition or removal of water of crystallization, and

therefore the diffraction angle (20) in powder X-ray

!
—

diffraction may sometimes be changed. Further, the peak
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intensity may sometimes be changed due to a difference 1n a

crystal growth surface or the like (crystal habit), etc.

Therefore, when the crystal of the present 1invention 1s

represented on the basis of powder X-ray diffraction data, a

crystal having identical peak diffraction angles and X-ray

1)

di:

fraction pattern in powder X-ray diffraction, and also

hydrated and dehydrated crystals obtained from the crystal are

also encompassed within the scope of the present invention.

[0038]

One preferred embodiment of the crystal of the present

invention 1s a crystal of a pyrrole derivative compound (A).

The crystal of Compound (A) has the X-ray diffraction pattern

ﬁ
s,

shown in Fig. 1 in a powder X-ray diffraction pattern obtained

by irradiation with copper Ko radiation (wavelength A = 1.54

A). Further, the crystal of Compound (A) has characteristic

peaks at diffraction angles 20 of 6.80, 17.06, 19.24, 22.80,

and 25.48 in a powder X-ray diffraction pattern obtalned by

irradiation with copper Ko radiation (wavelength A = 1.54 A) .

Here, “characteristic peak” refers to a peak having a relative

intensity of 50 or more when the maximum peak intensity in the

gh—
-

powder X-ray diffraction pattern is taken as 100. Further,

the crystal of Compound (A) of the present invention 1s also

P

a crystal which shows main peaks at diffraction angles 20 of

6.80, 12.32, 13.60, 14.46, 16.30, 17.06, 18.42, 19.24, 19.860,

20.36, 20.82, 21.84, 22.50, 22.80, 23.20, 23.50, 24.060, 24.88,
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25.48, 26.96, 27.52, 29.26, 31.80, 32.08, 35.82, 40.32, and

41.36 1n a powder X-ray diffraction pattern obtained by

irradiation with copper Ka radiation (wavelength A = 1.54 A).

Here, “"main peak” refers to a peak having a relative intensity

of 15 or more when the maximum peak intensity in the powder

X-ray diffraction pattern is taken as 100.

[0039]

In the present invention, examples of the “C1-C3 alkoxy

group” 1nclude methoxy, ethoxy, propoxy, and iSOpropoxy groups.

Preferred examples thereof for R? include a methoxy group.

[0041]

R? is preferably a hydrogen atom or a C1-C4 alkoxy group,

more preferably a hydrogen atom or a methoxy group, and

particularly preferably a hydrogen atom.

10042]

n 1s preferably 2.

[0043]

A compound represented by the following formula (I):

[0044])

[Chem. 13]
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[0045]

[wherein R! represents amethyl groupor a trifluoromethyl group,

R2 represents a hydrogen atom or a Cl-C3 alkoxy group, and n

represents an integer selected from 1 to 3] 1s preferably

(RS)-1-(2-hydroxyethyl)-4-methyl-5-[2-(trifluoromethyl)phe

nyl]-1H-pyrrole-3-carboxic acid represented by the

—t

formula (Ia):
[00406]

(Chem. 14]

(0047 ]

Or

following

(RS)-1-(2-hydroxyethyl)-4-methyl-5-[4-methoxy-2-(trifluoro

methyl)phenyl]-1H-pyrrole-3-carboxic acid, and more

preferably
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(RS)-1-(2-hydroxyethyl)-4-methyl-5-{2-(trifluoromethyl)phe

nyl]-1H-pyrrole-3-carboxic acid.

10048 ]

Amethod for producing a pyrrole derivative compound (A’)

pr—

using the production 1intermediate compound of the present

invention will be described in detail below.

[0049]

The pyrrole derivative compound (A’) can be produced by

using a known compound as a starting material and using the

F
p—

following production method o:

the present invention and

intermediates. Incidentally, 1n the following description,

Rl, R¢, and n represent the same meanings as described above,

respectively.

[0050]

Step A: Production of Intermediate Compound (I)

[0051]

[Chem. 15]
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RO CN
R’ “Fs © H30
(VIII) (VII) ) Ao,

R R
H
N
v _A3) w
H,C
O
V)

[0052]

Step B: Production of Pyrrole Derivative Compound (A’)

(0053]
[Chem. 10]
o BV
R2
an _B3)

(0004 ]
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Hereinafter, the respective steps will be described.

(Step A-1)

This step 1is a step of producing Compound (VII) by

reacting Compound (VIII) with ethyl cyanocacetate 1in the

presence of a base.

[0055]

The starting material 1s preferably
Z-bromo-1-[2-(trifluoromethyl)phenyl]propan-1l-one.
[0056]

As a solvent, an organic solvent which does not inhibit
the reaction and dissolves the startingmaterial to some extent

1s used. The solvent 1is preferably an amide such as

N,N-dimethylacetamide, more preferably
N, N-dimethylacetamide.

{0057]

The base is preferably a metal hydride such as sodium
hydride or an alkali metal carbonate such as potassium

carbonate, more preferably potassium carbonate.

[0058]

The reaction temperature is from 0°C to 100°C, preferably

from 40°C to 60°C.

[0059]
The reaction time is from 0.5 to 12 hours, preferably

1 to 3 hours.
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(Step A-2)

This step 1s a step of producing Compound (VI) Dby

cyclizing Compound (VII) to form a pyrrole ring.
[0060]
As a solvent, an organic solvent which does not 1nhibit

the reaction and dissolves the startingmaterial to some extent

1s used. The solvent 1s preferably an ether such as

tetrahydrofuran, an aromatic hydrocarbon such as toluene, or

an ester such as ethyl acetate, more preferably ethyl acetate

or tetrahydrofuran, particularly preferably ethyl acetate.

[0001]

As a reagent, it is preferred to blow hydrogen chloride

gl

gas 1n the presence of thionyl <chloride, and further

concentrated sulfuric acid may be added.

(0062 ]

The reaction temperature is from 0°C to 40°C, preferably

room temperature.

[0063]

The reaction time is from 1 to 30 hours, preferably 10

to 20 hours.

(Step A-3)

This step is a step of producing Compound (V) by removing

F
har—

a chlorine group of Compound (VI).

(0064 ]
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As a solvent, a mixed solvent of water and an organic

solvent which does not inhibit the reaction and dissolves the

starting material to some extent 1s used. The solvent 1is

preferably a mixed solvent of ethanol, tetrahydrofuran, and

water.

[00065]

As a reagent, sodium formate and a 5% palladium-carbon

catalyst are preferred.

[0066]

The reaction temperature is from 0°C to 100°C, preferably

from 40°C to 60°C.

[0007]

The reaction time is from 0.5 to 12 hours, preferably

0.5 to Z2 hours.
(00638 ]

(Step A-4)

pr——

This step 1s a step of producing Compound (IV) by

introducing a hydroxy Cl-3 alkyl group on the nitrogen atom

'}

the pyrrole group of Compound (V) in a solvent i1n the presence

O

]

of a base.

[0069]

As the solvent, an organic solvent which does not inhibit

the reaction and dissolves the starting material to some extent

1s used. The solvent 1s preferably an amide such as

N,N-dimethylacetamide.
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[0070]

The base 1s preferably a metal alkoxide such as t-butoxy

potassium or t-butoxy sodium or an organlc base such as

I-dimethylaminopyridine, more preferably
4-dimethylaminopyridine.

[0071]

The reagent for introducing a hydroxyalkyl group 1S

preferably 2-1odoethanol, 2-bromoethanol, or ethylene

carbonate, more preferably ethylene carbonate.
[0072]

The reaction temperature 1s from room temperature to

150°C, preferably from 100°C to 120°C.

[0073])

The reaction time is from 1 to 20 hours, preferably 5

to 15 hours.

(Step A-3)

—_—
~—

) by alkaline

This step 1s a step of obtaining Compound (

hydrolysis of an ester of Compound (IV).

[0074]

This step is usually performed in a solvent. The solvent

is preferably a mixed solvent of water and an alcohol such as

ethanol.

[00735]

The reagent is not particularly limited as long as 1t
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is a basic reagent which hydrolyzes a carboxylate ester, but

is preferably sodium hydroxide.

[0076]

The reaction temperature 1s from room temperature to

100°C, preferably from 50°C to 80°C.

10077}

The reaction time 1s from 1 to 20 hours, preferably 5

to 10 hours.

(Step B-1)

This step is a step of producing Compound (s)-(I) by

optical resolution of the atropisomer through stirring of the

intermediate compound (I) of the present 1nvention and an

optically active amine in a solvent, and can be achieved by

stirring the above Compound (I) and an optically actilve amline
having a c¢inchonine skeletal formula 1n a solvent. A
diastereomeric excess can be determined according to a
conventional method.

[0078]

This method is usually performed 1in a solvent. The

solvent is preferably an acetate ester, an amide, or a mixed

g

solvent of water and a solvent selected therefrom, more

preferably a mixed solvent of N,N-dimethylacetamide, ethyl

acetate, and water. According to need, Compound (I) and the

optically active amine are dissolved separately, and to the
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solution of Compound (I), the solution of the optically active

amine may be added dropwise.

1007/9]

In this method, the optically active amine having a

cinchonine skeletal formula is preferably one compound

selected from <c¢cinchonine, gquinine, <c¢inchonidine, and

quinidine represented by the following group of compounds:

[0080]
[Chem. 17]
N
Ho_ A HO ”4§ HO ”43 HO }43
H,CO A N H,CO N
N NZ NZ N7
Cinchonine Quinine Cinchonidine Quinidine
(0081]

and more preferably quinine represented by the following

.

formula.
(0082}

[Chem. 18]

H,CO

[0083]

In this method, the amount of the optically active amine
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having a cinchonine skeletal formula used 1s preferably from

0.5 to 1 equivalent with respect to Compound (I), more

preferably 0.5 equivalents with respect to Compound (I).

[0084]

In this method, the reaction mixture may be heated or

cooled as needed. A method in which the reaction solution 1s

stirred while heating, followed by cooling to generate crystals

is preferred. The heating temperature 1s preferably from room

temperature to 100°C, more preferably from 60°C to 70°C. The

cooling temperature is preferably from 20°C to 30°C.

(0085]

An amine salt of Compound (s)-(I) obtained by this step

can also be converted into the free form using an acid. The
acid to be used at this time is not particularly limited as

long as it is an acid (an inorganic acid such as hydrochloric

acid) usually used for removing an amine salt.

(Step B-2)

This step is a step of obtaining Compound (II) by reacting

q-

Compound (s)-(I) and oxalyl chloride in the presence of a base.

It is also possible to perform Step B-3 successively without

isolating and purifying Compound (II1).

(00860

This method is usually performed in a solvent. The

solvent is preferably an acetate ester, an ether, or a mixed
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solvent of these solvents, more preferably a mixed solvent otf

1,2-dimethoxyethane, ethyl acetate, and tetrahydrofuran.

1008 7]

The base is preferably an organic base such as pyridine.

(10088 ]

The reaction temperature is from 0°C to 20°C, preferably

from 0°C to 10°C.

(0089 ]

The reaction time is from 1 to 20 hours, preferably 1

to 10 hours.

(Step B-3)
This step is a step of obtaining Compound (III) by
reacting Compound (II) and 4-(methylsulfonyl)aniline in the

presence of a base.

[0090]

This method is usually performed 1in a solvent. The

solvent is preferably a nitrile, more preferably a mixed

P

solvent of acetonitrile and water.

[0091]

The base is preferably an organic base such as pyridine.

(0092 ]

The reaction temperature is from 0°C to 20°C, preferably

from 0°C to 15°C.

[0093]
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The reaction time 1s from 1 to 2 hours, preferably 1 hour.

10094 ]

It i1s also possible to perform Step B-4 successively

without 1solating and purifying Compound (III), however, a step
including a method of 1solating Compound (III) 1s preferred.
(Step B-4)

pr——

This step 1s a step of obtaining the pyrrole derivative

compound (A’ ) by converting the hydroxy group of Compound (III)

into the free form in the presence of a base.

[0095]

This method 1s usually performed 1in a solvent. The

solvent is preferably an acetate ester, a nitrile, an ether,

ﬁ

or a mixed solvent of water and a solvent selected therefrom,

-

more preferably a mixed solvent of t-butyl methyl ether,

acetonitrile, and water.

[00906]

The Dbase 1s preferably a metal hydroxide such as

potassium hydroxide.

Q09 7]

The reaction temperature is from 0°C to 100°C, preferably

from 10°C to 30°C.

[0098 ]

The reaction time 1is from 0.5 to 20 hours, preferably

from 0.5 to 2 hours.
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[0099]

After completion of the reaction of the above-mentioned

respective steps, the target compound can be collected from
the reaction mixture according to a conventional method. For
example, the reactlion mixture 1s appropriately neutralized,
or 1n the case where i1nsoluble matter 1s present, after the

matter 1s removed by filtration, an organic solvent immiscible

with water such as ethyl acetate 1s added thereto, folliowed

by washing with water or the like. Thereafter, the organic

layer containing the target compound 1s separated and dried

over anhydrous magnesium sulfate or the like, and then, the

p——

solvent 1s distilled off, whereby the target compound can be

obtained.

(0100]

e

If necessary, the thus obtained target material can be

separated and purified by a conventional method, for example,

by appropriately combining recrystallization,

reprecipitation, or a method conventionally used for

separation andpurification of an organic compound, for example,
a method using a synthetic adsorber such as adsorption column
chromatography or partition column chromatography, a method
using 1on exchange chromatography, or normal-phase or

reverse-phase column chromatography using silica gel or

alkylated silica gel, and performing elution with a sultable

eluent.
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(0101}

According to the above-mentioned steps,

(-)-1-(2-hydroxyethyl)-5-[4-methoxy-2-(trifluoromethyl)phe

nyl]—-4-methyl-N-[4- (methylsulfonyl)phenyl]-1lH-pyrrole-3-ca
rboxamide described in WO 2008/126831 can be produced.

[0102]

Another embodiment of the present invention relates to

a medicament containing the crystal of the present invention

as an actilve 1ngredient and a pharmaceutical composition

contailning the crystal of the present invention.

(0103]

The medicament containing the crystal of the 1nvention

F

of this application as an active 1ngredient 1s preferably

provided in the form of a pharmaceutical composition containing

the crystal of the present invention and one or more

pharmaceutically acceptable carriers. The administration

P

form of the medicament of the present 1invention 1s not

particularly limited, and the medicament can be administered

orally or parenterally, but 1s preferably administered orally.

(0104 ]

The pharmaceutical composition of the present invention

contains the crystal of the present 1nvention as Compound (A}

at least partially. In the pharmaceutical composition, a

crystal form other than the crystal of the invention of this

applicationmay exist as Compound (A). The ratioof thecrystal
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’ and ——

of the i1nvention of this application to be contained in the

pharmaceutical composition with respect to the total amount

P

of Compound (A) 1in the pharmaceutical composition may be in

the range of 0.01% by weight to 99.9% by weight, for example,
0.01% by weight or more, 0.05% by weight or more, 0.1% by weight
or more, 0.5% by weight or more, 1% by weight or more, 2% by
welight or more, 3% by weight or more, 4% by weight or more,
5% by weight or more, 10% by weight or more, 20% by weight or
more, 30% by weight or more, 40% by weight or more, 50% by weight
or more, 60% by weight or more, 70% by weight or more, 80% by
welght or more, 90% by weight or more, 95% by weight or more,
90% by weight or more, 97% by weight or more, 98% by weight
or more, 99% by weight or more, 99.5% by welght or more, 99.06%
by weight or more, 99.7% by weight or more, 99.8% by weight

or more, or 99.9% by weight or more. Whether or not the crystal

of the i1nvention of this application 1s contained 1in the

pharmaceutical composition can be confirmed by an instrumental

analysis method (for example, powder X-ray diffraction,

thermal analysis, 1infrared absorption spectrum, etc.)

described 1in this description.

[0105]

The pharmaceutical composition of the present invention

contains the c¢rystal of the present 1nvention and a

pharmaceutically acceptable carrier, and can be administered

p—

in the form of any of various 1injections through intravenous
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injection, i1ntramuscular injection, subcutaneous injection,

or the like, or through any of various methods such as ora.

adminlistration or transdermal administration. A
pharmaceutically acceptable carriler refers to a
pharmaceutically acceptable material (for example, an

exciplient, a diluent, an additive, a solvent, etc.) which 1is

involved in transport of the crystal of the present 1nvention

from a given body part or organ to another body part or organ.

[01006]

As a method for preparing a formulation, for example,

an appropriate formulation (for example, an oral preparation
or an injection) 1is selected according to the administration

method, and can be prepared by a conventionally used

preparation method for various formulations. Examples of oral
preparations can 1include a tablet, a powder, a granule, a

capsule, a pill, a troche, a solution, a syrup, an elixir, an

F
p—

"emulsion, and an oily or agqueous suspension. In the case of

an injection, a stabilizer, a preservative, a solubilizing

agent, or the like can also be used in the formulation. It

is also possible to form a solid preparation as a formulation

to be prepared before use by placing a solution which may

contain such a pharmaceutical aid or the like i1n a container,

followed by lyophilization or the like. 1In addition, a single
dosage may be packed in one container, or multiple dosages may

be packed in one contalner.
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10107 ]

Examples of solid preparations include a tablet, a powder,

a granule, a capsule, a pill, and a troche. These solid
preparations may contain a pharmaceutically acceptable

additive along with the crystal of the present invention.

Examples of additives include a filler, an expander, a binder,

a disintegrant, a solubilization enhancer, a wetting agent,

and a lubricant, and the solid preparation can be prepared by

selecting an additive therefrom according to need and mixing.
(0108]

Examples of ligquid preparations include a solution, a
syrup, an elixir, an emulsion, and a suspension. These liquid

preparations may contailn a pharmaceutically acceptable

additive along with the crystal of the present 1nvention.

Examples of additives 1include a suspending agent and an

emulsifying agent, and the liquid preparation can be prepared
by selecting an additive therefrom according to need and
mixing.

[0109]

For example, 1n the case of a tablet, 1n the entire

i

pharmaceutical composition, the content of a binder 1is

generally from 1 to 10 parts by weight (preferably from 2 to

5 parts by weight), the content of a disintegrant 1s generally

from 1 to 40 parts by weight (preferably from 5 to 30 parts

by weight), the content of a lubricant 1s generally from 0.1
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to 10 parts by weight (preferably from 0.5 to 3 parts by weight),

and the content of a fluidizing agent 1s generally from 0.1

to 10 parts by weight (preferably from 0.5 to 5 parts by weight).

[0110]

The pharmaceutical composition of the present 1nvention

can be administered to a warm-blooded animal (particularly a

human being) . The dose of Compound (A) or a pharmacologically

acceptable salt thereof which 1s an active 1ngredient varies

depending on the various conditions such as symptoms, age, and

=

body weight of a patient, however, in the case of, for example,

oral administration, it can be administered to a human beling

at a dose of 0.1 mg/body to 20 mg/body (preferably 0.5 mg/body

to 10 mg/body) one to three times per day depending on the

symptoms.

I

Advantageous Effects of Invention

[O111]

ﬁ

According to the present 1nvention, a method for

producing a pyrrole derivative compound (A’) having

mineralocorticoid receptor antagonistic activity and a

production intermediate compound thereof are provided.

Further, a crystal of

(S)-1-(2-hydroxyethyl)-4-methyl-N-[4-(methylsulfonyl)pheny

11-5-[2-(trifluoromethyl)phenyl]-1H-pyrrole-3-carboxamlde,

a method for producing the same, and a productlion intermediate
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p—~ —

compound thereof are provided. The crystal of the present

inventlon has excellent stability and 1s useful as a medicament

such as an antihypertensive drug.

Brief Description of Drawings

[(0112]

LR

[Fig. 1] Fig. 1 shows a powder X-ray diffraction pattern

of the crystal obtained in Example 8. In the drawing, the

I

ordinate represents diffraction 1ntensity 1in units of

count/sec (cps), and the abscissa represents values of

diffraction angle 20.

[Fig. 2] Fi1ig. 2 shows a DSC curve of a crystal (Crystal

A) obtained 1n Example 8. In the drawing, the ordinate

represents heat flow (mW), and the abscissa represents

temperature (°C).

Description of Embodiments

[0113]

Hereinafter, the present invention will be described 1in

P

more detail by showing Examples of the present invention and

P

the like, however, the scope of the present invention 1s not

limited thereto.

Examples

[0114]
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(Example 1)

2-Bromo-1-[2-(trifluoromethyl)phenyl]propan-1-one

[(0115]
[Chem. 19]
CF; O
Br
CH;
[0116]

To 1-[2-(trifluoromethyl)phenyl]propan-1l-one (75 g
(370 mmol)), t-butyl methyl ether (750 mL) and bromine (1.18

g (7.4 mmol)) were added. The resulting mixture was stirred

at 15 to 30°C for about 30 minutes, and after 1t was confirmed

that the color of bromine disappeared, the mixture was cooled

to 0 to 5°C. While maintaining the temperature at 0 to 10°C,

bromine (59.13 g (370 mmol)) was added thereto, and the

resulting mixture was stirred. After the mixture was stirred

for about 2.5 hours, a 10 w/v% agqueous potassium carbonate

solution (300 mL) was added thereto while maintaining the

temperature at 0 to 25°C, and sodium sulfite (7.5 g) was further

added thereto, followed by heating to 20 to 30°C. This solution

was subjected to liquid separation, and to the obtained organic
layer, water (225 mL) was added to wash the organic layer.
Thereafter, the organic layer was concentrated under reduced
pressure, whereby a t-butyl methyl ether solution (225 mL) of

the title compound was obtained.
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[0117]

lH NMR (400 MHz, CDCl3) o: 1.91 (3H, d, J = 4.0 Hz), 4.97 (1H,

q, J = 6.7 Hz), 7.60-7.74 (4H, m)

[0118]

(Example 2) Ethyl

2-cyano-3-methyl-4-oxo-4-[2-(trifluoromethyl)phenyl]
butanoate

[0119]
[Chem. 20]

CF;, O CN

CH, O

(0120]
To the

2-bromo-1-[2-(trifluoromethyl)phenyl]propan-l-one/t-butyl

methyl ether solution (220 mL) obtalned 1n Example 1,

dimethylacetamide (367 mL), cyanoethyl acetate (53.39 g (472
mmol)), and potassium carbonate (60.26 g (436 mmol)) were

sequentially added, and the resulting mixture was heated to

45 to 55°C and stirred. After the mixture was stirred for about

2 hours, the mixture was cooled to 20 to 30°C, and then water

(734 mL) and toluene (367 mL) were added thereto to effect
extraction. Then, water (513 mlL) was added to the resulting

organic layer tc wash the organic layer (washing was performed

twice) . Thereafter, the obtained organic layer was
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concentrated under reduced pressure, whereby a toluene

F

solution (220 mL) of the title compound was obtained.

(0121]

IlH NMR (400 MHz, CDCls) o: 1.33-1.38 (6H, m), 3.80-3.93 (2H,

m), 4.28-4.33 (Z2H, m), 7.58-7.79 (4H, m).

[0122]

(Example 3) Ethyl

Z—-chloro-4-methyl-5-[2-(trifluoromethyl)phenyl]-1H-pyrrole

-3—-carboxylate

[0123]
[ Chem. 21]
CF,
H
N Ci
\ /
H3C O
0O \—CH,
[0124]

To the toluene solution (217 mL) of ethyl

2—-cyano—-3-methyl-4-oxo-4-[2-(trifluoromethyl)phenyl]butano

ate obtained by the production method of Example 2, ethyl

acetate (362 mL) and thionyl chloride (42.59 g (358 mmol) ) were

added at 20 to 30°C, followed by cooling to -10 to 5°C. Then,

hydrogen chloride gas (52.21 g (1432 mmol)) was blown 1into the

mixture, and concentrated sulfuric acid (17.83 g (179 mmol))

was further added thereto, and the resulting mixture was heated
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and stirred at 15 to 30°C. After the mixture was stirred for

about 20 hours, ethyl acetate (1086 mL) was added thereto,

followed by heating to 30 to 40°C, and water (362 mlL) was added

thereto, and then, the resulting mixture was subjected to

liquid separation. To the organic layer obtained by liguid

separation, water (362 mL) was added, followed by liquid

separation, and then, a 5 w/v% aqueous sodium hydrogen

carbonate solution (362 mL) was added thereto, followed by

liguid separation.

(0125]

Subsequently, the organic layer was concentrated under

reduced pressure, and toluene (579 mL) was further added

el

thereto, followed by concentration under reduced pressure, and

then, toluene (72 mlL) was added thereto, and the mixture was

cooled to 0 to 5°C. After the mixture was stirred for about

2 hours, the deposited crystal was filtered and washed with

toluene (217 mL) cooled to 0 to 5°C. The obtained wet crystal

product was dried under reduced pressure at 40°C, whereby the

title compound was obtained (97.55 g, yield: 82.1%).
[0126]

lH NMR (400 MHz, CDCls) o: 1.38 (3H, t, J = 7.1 Hz), 2.11 (3H,

s), 4.32 (2H, g, J=7.1Hz), 7.39 (1H, d, J=7.3Hz), 7.50-7.62
(2ZH, m), 7.77 (1H, d, J = 8.0 Hz), 8.31 (lH, br).

(0127]

(Example 4) Ethyl
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d-methyl-5-[2-(trifluoromethyl)phenyl]-1H-pyrrole-3-carbox

viate
[10128]
[Chem. 22]
CF;
H
N
\ /]
H3C O
0 \—CH,
10129]

To ethyl

2-chloro—-4-methyl-5-[2-(trifluoromethyl)phenyl]-1H-pyrrole
-3-carboxylate (97.32 g (293 mmol)) obtained by the production

method of Example 3, ethanol (062 mlL), tetrahydrofuran (117

mL), water (49 mL), sodium formate (25.91 g (381 mmol)), and
a 5% palladium-carbon catalyst (water content: 52.1%, 10.1o0

g) were added at room temperature, and the resulting mixture

was heated to 55 to 65°C and stirred. After the mixture was

stirred for about 1 hour, the mixture was cooled to 40°C or

lower, and tetrahydrofuran (97 mL) and a filter aid (KC Flock,

Nippon Paper Industries) (4.87 g) were added thereto. Then,

the catalyst was filtered, and the residue was washed with

ethanol (389 mL). The filtrate and the ethanol solution used

for washing were combined, and the combined solution was

concentrated under reduced pressure. Thereafter, water (778
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mlL) was added thereto and the mixture was stirred at 20 to 30°C

for 0.5 hours or more. The deposited crystal was filtered and

washed with a mixed solution of ethanol/water = 7/8 (292 mL).

The thus obtained wet crystal product was dried under reduced

pressure at 40°C, whereby the title compound was obtained (86.23
g, yield: 98.9%).

[0130]

lH NMR (400 MHz, CDCls) o: 1.35 (3H, t, J = 7.1 Hz), 2.18 (3H,

s), 4.29 (2H, m), 7.40-7.01 (4H, m), /.77 (1H, 4, Jd=17.9 Hz),
8.39 (1H, br)
[0131]

(Example o) Ethyl

(RS)-1-(2-hydroxyethyl)-4-methyl-5-[2-(trifluoromethyl)phe
nyl]-1lH-pyrrole-3-carboxylate
[0132]

[Chem. 23]

[0133]

To ethyl

4-methyl-5-[2-(trifluoromethyl)phenyl]-1H-pyrrole-3-carbox

vliate (65.15 g (219 mmol)) obtained by the production method
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LB

of Example 4, N,N-dimethylacetamide (261 mlL), ethylene
carbonate (28.95 g (328.7 mmol)), and 4-dimethylaminopyridine

(2.68 g (21.9 mmol)) were sequentially added at room

temperature, and the resulting mixture was heated to 105 to

120°C and stirred. After the mixture was stirred for about 10

hours, the mixture was cooled to 20 to 30°C, and toluene (1303

mL) and water (326 mL) were added thereto, and the organic layer

was extracted. Then, water (326 mL) was added to the organic

layer to wash the organic layer (washing was performed three
times). The obtained organic layer was concentrated under
reduced pressure, and ethanol (652 mL) was added thereto, and
the resulting mixture was further concentrated under reduced

pressure. Thereafter, ethanol (130 mlL) was added thereto,

whereby an ethanol solution of the title compound (326 mL) was

obtailned.

[0134]

lH NMR (400 MHz, CDCls) o: 1.35 (3H, t, g =7.1 Hz), 1.84 (1lH,

broad singlet), 2.00 (3H, s), 3.03-3.77 (4H, m), 4.27 (Z2H, m),
7.35-7.79 (5H, m)

[0135]

(Example o)

(RS)-1-(2-Hydroxyethyl)-4-methyl-5-[2-(trifluoromethyl)phe
nyl]-1H-pyrrole-3-carboxylic acid
[0136]

[Chem. 24]
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[0137]

To the solution of ethyl

(RS)-1-(2-hydroxyethyl)-4-methyl-5-[2-(trifluoromethyl)phe

nyl]-1H-pyrrole-3-carboxylate/ethanol solution (321 mL)

F
—

obtained by the production method of Example 5, water (128.60

mL) and sodium hydroxide (21.4 g (219 mmol)) were added at room

temperature, and the resulting mixture was heated and stirred

at 65 to 78°C, After the mixture was stirred for about 6 hours,

the mixture was cooled to 20 to 30°C, and water (193 mL) was

added thereto. Then, the pH of the resulting mixture was
adjusted to 5.5 to 6.5 using 6 N hydrochloric acid while

maintaining the temperature at 20 to 30°C. To themixture whose

pH was adjusted,
(RS)-1-(2-hydroxyethyl)-4-methyl-5-[2-(trifluoromethyl)phe

nyl]-1H-pyrrole-3-carboxylic acid (6.4 mg) was added as a seed

Ll

crystal, and water (193 mL) was further added. Then, the

mixture was cooled to 0 to 5°C, and again, the pH of the mixture

was adjusted to 3 to 4 using concentrated hydrochloric acid,

and the mixture was stirred for about 1 hour. Thereafter, the

deposited crystal was filtered and washed with a 20% aqueous
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ethanol solution (93 mL) cooled to 0 to 5°C. The thus obtained

wet crystal product was dried under reduced pressure at 40°C,

whereby the title compound was obtained (04.32 g, yield:
95.0%) .

lH NMR (400 MHz, DMSO-ds) o0: 1.87 (3H, s), 3.38-3.68 (4H, m),
7.43-7.89 (5H, m)

[0138]

(Example 7)

(S)-1-(2-Hydroxyethyl)-4-methyl-5-[2-(trifluoromethyl)phen
vl]-1H-pyrrole-3-carboxylic acid quinine salt

(7=1)
(S)-1-(2-hydroxyethyl)-4-methyl-5-[2-(trifluoromethyl)phen
vl]-1H-pyrrole-3-carboxylic acld quinine salt

TO

(RS)~-1-(2-hydroxyethyl)-4-methyl-5-[2-(tri1fluoromethyl)phe

nyl]-1H-pyrrole-3-carboxylic acid (50.00 g (160 mmol))

N

obtained by the production method of Example 0,
N,N-dimethylacetamide (25 mL) and ethyl acetate (85> mL) were

added at room temperature and dissolved therein. (Solution 1)

[0139]

To quinine (31.05 g (96 mmol)), N,N-dimethylacetamide

(25 mL), ethyl acetate (350 mL), and water (15 mL) were added,

and the resulting mixture was heated to 65 toc 70°C, and then,

Solution 1 was added dropwise thereto. After the mixture was

stirred at 65 to 70°C for about 1 hour, the mixture was gradually
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cooled to 0 to 5°C (cooling rate as a guide: about 0.3°C/min)

and stirred for about 0.5 hours at that temperature. The

resulting crystal was filtered and washed with ethyl acetate

(100 mL) cooled to 5°C or lower, and the obtained wet crystal

product was dried under reduced pressure at 40°C, whereby the

title compound (43.66 g) was obtained (yield: 42.9%). The

F

diastereomeric excess of the obtained salt was 98.3 %de.

lH NMR (400 MHz, DMSO-dg) 0: 1.30-2.20 (10H, m), 2.41-2.49 (2H,

m), 2.85-3.49 (6H, m), 3.65-3.66 (1lH, m), 3.88 (3H, s), 4.87
(1H, broad singlet), 4.92-5.00 (2H, m), 5.23-5.25 (1H, m), 5.60
(1H, br), 5.80-6.00 (1H, m), 7.36-7.92 (9H, m), 8.67 (1H, d,

J = 4.0 Hz)

')

Q.

(7-2) HPLC determination for diastereomeric excess (3de) of

(S)=-1-(2-hydroxyethyl)-4-methyl-5-[2-(trifluoromethyl)phen
vl]-1H-pyrrole-3-carboxylic acid quinine salt

F

About 10 mg of the title compound was collected and

diluted with a 50 v/v% aqueous acetonitrile solution to 10 mL,

whereby a sample solution was prepared.

[0140]

Column: DAICEL CHIRALPAK IC-3 (4.6 mm I.D. x 250 mm, 3 um)

F
—

Mobile phase A: a 0.02 mol/L phosphate buffer solution (pH 3)

Mobile phase B: acetonitrile

P P

Supply of mobile phase: The mixing ratio of the mobile phase

A to the mobile phase B is shown in the following Table 1.
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(0141]
[Table 1]
Time (min) Mobile p?ase A Mobile p?ase B
(vol%) (vol%)

0-13 100 0
13-18 100 —> 40 0 — 60
18-20 100 0

[0142]

Detection: UV 237 nm

Flow rate: about 0.8 mL/min
Column temperature: constant temperature at around 30°C

Measurement time: about 20 min

Injection volume: 5 ML

The diastereomerlc excess ($de) was calculated

according to the following formula using the peak area ratios

of the title compound (retention time: about 12 min) and the

R form (retention time: about 13 min).

3de = {[ (the peak area ratio of the title compound (S form))

- (the peak area ratio of the R form)]+[(the peak area ratio

of the title compound (S form))+{(the peak area ratio of the

R form)]} x 100

(0143]
3)

(Example

(S)-1-(2-Hydroxyethyl)-4-methyl-N-[4-(methylsulfonyl)pheny

11-5-[2-(trifluoromethyl)phenyl]-1H-pyrrole-3-carboxamide

(Compound (A} )

(8—-1)
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(S)-1-(2-Hydroxyethyl)-4-methyl-5-[2-(trifluoromethyl)phen
vl]-1lH-pyrrole-3-carboxylic acid

TO

(S)-1-(2-hydroxyethyl)-4-methyl-5-[2-(trifluoromethyl)phen
yl]-1H-pyrrole-3-carboxylic acid

(8a, 9R) -6’ -methoxycinchonan-9-o0l (40.00 g (63 mmol) ) obtalned

by the production method of Example 7, ethyl acetate (400 mL)
and a 2 N aqueous hydrochloric acid solution (100 mL) were added,

and the resulting mixture was stirred at room temperature,

followed by liquid separation. The obtained organic layer was
concentrated under reduced pressure (120 mL), ethyl acetate

(200 mL) was added thereto, and the resulting mixture was

|

‘further concentrated under reduced pressure, whereby a

solution containing the title compound (120 mL) was obtailned.

(8-2)

2-((S)-3-Methyl-4-{[4- (methylsulfonyl)phenyl]carbamoyl}-2-

[2—-(trifluoromethyl)phenyl]-1H-pyrrol-1-yl)ethyl

N-{[4- (methylsulfonyl)phenyl]lamino}oxamate

Ethyl acetate (240 mL), tetrahydrofuran (80 mL), and

oxalyl chloride (20.72 g (163 mmol)) were mixed, and the

resulting mixture was cooled to 10 to 15°C. Subsequently, the

solution obtained in Example (8-1) was added thereto while

maintaining the temperature at 10 to 15°C, and the resulting

mixture was heated to 15 to 20°C and stirred for about 1 hour.
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After stirring, acetonitrile (120 mL) and pyridine (2.46 g (31
mmol)) were added thereto, and the reaction solution was

concentrated under reduced pressure (120 mL), and acetonitrile

(200 mL) was added thereto, and the resulting mixture was

further concentrated under reduced pressure (120 mlL).

10144]

After completion of concentration under reduced pressure,

acetonitrile (200 mL) was added thereto, and the resulting

mixture was cooled to 10 to 15°C (Reaction Solution 1).

[0145]

After acetonitrile (240 mL), pyridine (12.39 g (157

mmol)), and 4-(methylsulfonyl)aniline (26.85 g (157 mmol))

were sequentially added, Reaction Solution 1 was added thereto

while maintaining the temperature at 10 to 15°C, and the

resulting mixture was heated to 20 to 25°C and stirred for about
1 hour.
[0140]

To the thus obtained reaction solution, acetonitrile (40
mL), a 2 N agueous hydrochloric acid solution (120 mL), and

sodium chloride (10.0 g) were added, and the resulting mixture

was stirred, followed by liquid separation. Again, to the
organic layer, a 2 N aqueous hydrochloric acid solution (120

mL) and sodium chloride (10.0 g) were added, and the resulting

mixture was stirred, followed by liquid separation. The

b

obtained organic laver was filtered and concentrated under
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reduced pressure (400 mL). To the concentrated ligquid, water

(360 mL) was added, and stirred for about 1 hour. Then, the

resulting crystal was filtered and washed with a 50 v/v% aqueous

acetonitrile solution (120 mL), whereby a wet product of the
title compound (undried product, ©2.02 g) was obtained.

IH NMR (500 MHz, DMSO-ds) o: 1.94 (s, 3H), 3.19 (s, 3H), 3.20
(s, 3H), 3.81 (t, 1H), 4.12 (t, 1H), 4.45 (t, 2H, J = 5.81 Hz),
7.02 (t, 1H, J =4.39Hz), 7.74 (t, 2H, J = 3.68 Hz), 7.86 (dd,
3H), 7.92 (dd, 3H, J =6.94, 2.13 Hz), 7.97 (dd, 2H, J = 6.80,

1.98 Hz), 8.02 (dd, 2H), 10.03 (s, 1H), 11.19 (s, 1H)

(8-3)

(S)-1-(2-Hydroxyethyl)-4-methyl-N-[4- (methylsulfonyl)pheny

11-5-[2-(trifluoromethyl)phenyl]-1H-pyrrole-3-carboxamide
(Compound (A))
To the crystal of the wet product obtained in (8-2),

t-butyl methyl ether (200 mL), acetonitrile (40 mL), a 48 w/w
agueous potassium hydroxide solution (16 g), and water (200

mL) were added, and the resulting mixture was stlirred at 25

to 35°C for about 2 hours. After stirring, ligquid separation

was performed, and the obtained organic layer was concentrated

under reduced pressure (120 mlL), and ethanol (240 mL) was added

thereto, and the resultling mixture was further concentrated

P

"ter completion of

Ll

under reduced pressure (120 mL). A

concentration under reduced pressure, ethanol (36 mlL) and water
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(12 mL) were added thereto, and the resultingmixture was heated

to 35 to 45°C, and then, water (280 mL) was added dropwlise

thereto while maintaining the temperature at 35 to 45°C to

deposit a crystal. The crystallization solution was cooled

to room temperature, and the crystal was filtered. Then, the

crystal was washed with a 30 v/v% aqueous ethanol solution (80

mlL) and dried under reduced pressure at 40°C, whereby the title

Jr—

compound was obtained in the form of a crystal (26.26 g, yleld:

gi—

89.7%). The amount of enantiomer of the obtained crystal was

0.3%.

l1H NMR (400 MHz, CDCls) o: 1.74 (1H, broad singlet), 2.08 (3H,
s), 3.04 (3H, s), 3.63-3.80 (4H, m), 7.36 (1H, d, J =7.2 Hz),
7.48 (1H, s), 7.58-7.67 (2H, m), 7.77-7.90 (oH, m)

”

(8-=4) HPLC determination method for amount (%) of enantiomer

of

(S)-1-(2-hydroxyethyl)-4-methyl-N-[4- (methylsulfonyl)pheny

11-5-[2-(trifluoromethyl)phenyl]-1H-pyrrole-3-carboxamilde

About 10 mg of the title compound was collected and

diluted with a 50 v/v$% agueous acetonitrile solution to 10 mlL,

whereby a sample solution was prepared.

(0147 ]

Column: DAICEL CHIRALPAK OJ-RH (4.6 mm I.D. x 150 mm, 5 um)

Mobile phase A: acetonitrile/water = 9/16

Mobile phase B: acetonitrile
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Supply of mobile phase: The mixing ratio of the mobile phase

A to the mobile phase B is shown in the following Table 2.

10148]
[Table 2]
Time (min) | Mobile p?ase A Mobile p?ase B
| (vol%) _. (vol%)
0-10 100 0
10-20 100 —» 30 0 —» 70
20-30 100 0

[0149]
Detection: UV 287 nm

Flow rate: about 0.8 mL/min

Column temperature: constant temperature at around 30°C

Measurement time: about 30 min

Injection volume: 5 uL

The amount of enantiomer was calculated according to the

F

following formula using the peak areas of the title compound

(retention time: about 9.2 min) and the enantiomer (retention

time: about 8.2 min).

*

Amount of enantiomer (%) = (the peak area of the enantiomer

~ the peak area of the title compound) x 100

(8-5) X-ray diffractometry of

(S)-1-(2-hydroxyethyl)-4-methyl-N-[4- (methylsulfonyl)pheny

11-5-[2-(trifluoromethyl)phenyl]-1H~-pyrrole-3-carboxamide

X-ray diffractometry was performed for the crystal of

the title compound obtained in (8-3) by filling the sample in
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a glass sample holder using an X-ray diffractometer RINT 2200V

manufactured by Rigaku Corporation under the following

conditions. The diffraction pattern of the powder X-ray

0

diffraction (CuKo, A = 1.54 A) of the obtained crystal is shown

P

in Fig. 1, and the peaks having a relative intensity of o or

more when the maximum peak intensity 1in Fig. 1 was taken as

100 are shown 1n Table 3.

[0150]

[Table 3]

Peak 20 d Relative Relative
No. value |intensity . intensity
1 6.80 12.99 52 31 20.96 3.30 21
2 9.90 8.93 | 5 32 27.52 | 3.24 16
3 10.82 8.17 7 33 28.10 3.17 9
4 11.18 7.91 5 34 28.32 3.15 12
S 12.32 7.18 22 35 28.66 3.11 6
S 12.58 7.03 5 36 29.26 3.05 30
7 13.60 6.51 18 37 30.56 2.92 10
8 14.10 6.28 12 38 30.94 2.89 11
9 14.46 6.12 46 39 31.80 2.81 | 19
10 14.90 5.94 6 40 32.08 2.79 17
11 15.28 5.798 9 41 32.46 2.76 8
12 15.76 5.62 o 42 | 32.74 2.73 9
13 16.30 5.43 44 43 33.96 2.604 9
14 17.06 5.19 55 44 | 34.54 2.99 | S
15 17.36 0.10 3 45 35.00 2.9060 o
16 17.62 5.03 8 46 35.50 2.53 14
17 17.82 4.97 | 8 477 35.82 2.50 23
18 18.42 4.81 18 48 36.44 2.46 11
19 19.24 4.061 100 49 36.98 2.43 10
20 | 19.86 4.47 37 50 37.44 2.40 6
21 20.36 4.36 35 51 38.06 2.36 6
22 20.84 4.26 18 52 38.92 2.31 12
23 21.84 4.07 50 53 | 39.54 | 2.28 5
24 22 .52 3.94 24 54 40.34 2.23 16
25 22 .80 3.90 56 55 40.98 2.20 5
20 23.20 3.83 21 56 41.36 2.18 21
27 23.50 3.78 14 57 41.96 2.15 7
28 24 .60 3.62 | 66 58 42 .18 2.14 9
29 25.48 3.499 56 59 43.04 2.07 10
30 25.98 3.43 11 60 44 .42 2.04 11
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[0151]

<Analysis Condiltions>

X ray: Cu-Kal/40kV/40mA

Goniometer: Ultima + horizontal goniometer I

20 scanning range: 2 to 45°

(8—0) Differential scanning calorimetry of

(S)-1-(2-hydroxyethyl)-4-methyl-N-{4- (methylsulfonyl)pheny

11-5-[2-(trifluoromethyl)phenyl]-1H-pyrrole-3-carboxamide

P

About 5 mg of a test compound was welghed and placed on

an aluminum pan for measurement, and calorimetry was performed

in a temperature range from room temperature to 250°C at a

P

heating rate of 5°C/min in a state where the pan was opened

using a differential scanning calorimeter DSC 3100

manufactured by Mac Science Corporation. The DSC curve

obtained by the differential scanning calorimetry is shown 1in
Fig. 2.
[0152]

(Example 9) Production of

(S)~-1-(2-hydroxyethyl)-4-methyl-5-[2-(trifluoromethyl)phen

yl]-1H-pyrrole-3-carboxylic acid by optical resolution of

racemic compound

_

(9-1) Effect of various amines oOr various solvents

Various solvents were added to
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(RS)-1-(2-hydroxyethyl)-4-methyl-50-[2-(trifluoromethyl)phe
nyl]-1H-pyrrole-3-carboxylic acid (100 mg (319.2 mmol)) and

various amines (0.5 equivalents) at room temperature. The

resulting mixture was stirred at room temperature for about

1 hour or stirred for about 1 hour while heating, and thereafter

gradually cooled to 20 to 30°C, and then, the mixture was stirred

for about 0.5 hours at that temperature. Then, the resulting

crystal was filtered, and the obtained wet crystal product was
dried under reduced pressure, whereby the crystal was obtained.

Further, the diastereomeric excess of the obtained salt was

determined.

1

(9-2) HPLC determination method for diastereomeric excess of

title compound

About 10 mg of the title compound was collected and

diluted with a mobile phase to 20 mL, whereby a sample solution

was prepared.

[0153]

Column: DAICEL CHIRALCEL OD-RH (4.6 mm I.D. x 150 mm, 5 um)

Mobile phase: a 0.1 v/v% aqueous acetic acid solution (prepared

by mixing 1 mL of acetic acid in 1000 mL of distilled water)

acetonitrile = 75:25
Detection: UV 220 nm

Flow rate: about 1.0 mL/min

Column temperature: constant temperature at around 40°C
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Measurement time: about 25 min

Injection volume: 5 uL

The diastereomeric excess was calculated according to

the following formula using the peak area ratios of the title

compound (retention time: about 14.5 min) and the R form

(retention time: about 15.5 min).

$de = {[(the peak area ratio of the title compound (S

form) )-(the peak area ratio of the R form)]+[ (the peak area

ratio of the title compound (S form) )+ (the peak area ratio of

the R form)]} x 100

When various examinations were performed for the systems
in which a crystal (a diastereomer salt) was obtalned using
the above-mentioned amines, quinine and qulnidine gave a
diastereomer salt having a desired absolute configuration (S

form), and cinchonidine gave a diastereomer salt having an

opposite absolute configuration (R form). The malin results

are shown 1in Table 4.

[0154]

Hereinafter, 1in the table, EtOAc represents ethyl

L+]

acetate, CHiCN represents acetonitrile, and DME represents

dimethoxyethane.

(0155]
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[Table 4]
Ami ne Solvent (amount Temp%fature 2 de Yield &
i ==of solvent) ~ C
L Flltration
1 EtOAc (0.2 ml) at room 69 (S form) 43.7
Cemperature
2 o EtOAc (0.3 ml) 50 = 20 190 (s form) | 42.5
Quinine
3 CH3CN (0.3 ml) 50 = 20 179 (s form) 45.2
4 Acetone (0.3 ml) 50 = 20 95 (S form) 43.5
5 DME (0.3 ml) 50 = 20 191 (S form) 39.5
6 | Cinchonidine| EtOAc (0.3 ml) 50 = 20 188 (R form) | 33.4
CHiCN-water _
7 ‘about 0.3 ml) 50 » 20 58 (S form) 44,5
C g acetone—-water
8 | Qulnidine (about 0.3 ml) 50 —» 20 o0 (S form) 44,0
DME-water .
9 ‘about 0.3 ml) 50 —» 20 59 (S form) 48 .9
'0156]

When optical resolution was per:

cormed 1n the same manner

using (R) = (=) -a-phenylglycitol,
(S)-(-)-N,N-dimethyl-1-phenyl-ethylmine, L-lysine, and the
like, the diastereomeric excess was 5 %de or less.

[0157]

Next, the number of equivalents of amine was examined
for the purpose of improving the amount of diastereomer. The
results of the examination are shown 1n Table 5.

[0158]
(Table 5]

Entry“ Amine engSEEeiis Solvent Tempii?ture zde Yield %
===1 0.45 - 94 (S'form) 39.4==:
% Quinine 0.50 i)cztogle) 50 — 20 |95 (S form)| 43.5
3 0.55 93 (S form) 43.5
4 0.45 n 92 (R form) 32, 1
- Quinidine P (d?éﬂii) 50 —» 20 28 (R form) 3
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[0159]

Rased on the above results, quinine gave a dilastereomer

having a desired absolute configuration (S tform), and

cinchonidine gave a diastereomer salt having an opposite

absolute configuration (R form) with high purity in medium to
high yield.

[0160]

(Example 10) Production of
(S)-1-(2-hydroxyethyl)-4-methyl-5-[2-(trifluoromethyl)phen
vl]-1H-pyrrole-3-carboxylic acid quinine salt by racemization

of

(R)-1-(2-hydroxyethyl)-4-methyl-5-[2-(trifluoromethyl)phen

vl]-1H-pyrrole-3-carboxylic acid

1

(10-1) Production O:

I

(S)-1-(2-hydroxyethyl)-4-methyl-5-[2-(trifluoromethyl)phen

vl1]-1H-pyrrole-3-carboxylic acid quinine salt by racemlization

N

O]

(R)-1-(2-hydroxyethyl) -4-methyl-5-[2-(trifluoromethyl)phen
vl]-1lH-pyrrole-3-carboxylic acid

The filter washing 1liquid (583.63 g, content of

(R)-1-(2-hydroxyethyl)-4-methyl-5-[2-(trifluoromethyl)phen
vl]-1H-pyrrole-3-carboxylic acid and
(S)-1-(2-hydroxyethyl)-4-methyl-5-[2-(trifluoromethyl) phen
yl]-1H-pyrrole-3-carboxylic acid: 22.23 g) obtained by the

optical resolution method of
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(RS)~-1-(2-hydroxyethyl)-4-methyl-5-[2-(trifluoromethyl)phe

nyl]-1H-pyrrole-3-carboxylicaciddescribed in (Example 7) was

concentrated under reduced pressure (75.73 g). The obtained

concentrated liquid was heated to 140 to 150°C and stirred for

about 5 hours, and thereafter cooled and concentrated under

reduced pressure (Reaction Solution 1, 40 mL).

[0161]

After ethyl acetate (220 mL), water (7.3 mL), and quinine
(19.18 g (59 mmol)) were mixed at room temperature, Reaction

Solution 1 was added thereto at the same temperature. The

resulting mixture was heated to about 65°C, and thereafter
gradually cooled to 0 to 5°C (cooling rate as a gulde: about

0.3°C/min) and stirred for about 1 hour at that temperature.

The resulting crystal was filtered and washed with ethyl

acetate (40 mL) cooled to 0 to 5°C, and the obtained wet crystal

product was dried under reduced pressure at 40°C, whereby
(S)-1-(2-hydroxyethyl)-4-methyl-5-[2-(trifluoromethyl)phen

yl]-1H-pyrrole-3-carboxylic acid quinine salt (192.59 g) was

obtained (yield: 43.3%). The diastereomeric excess of the

obtained salt was determined by using the method of (Example

7-2) and found to be 94.8 3de.

(10-2-1) Racemization of

(R)-1-(2-hydroxyethyl)-4-methyl-5-[2-(trifluoromethyl)phen

v1]-1H-pyrrole-3-carboxylic acid
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The filter washing liquid obtained by the optical

1

resolution method O

(RS)-1-(2-hydroxyethyl)-4-methyl-5-[2-(trifluoromethyl)phe

nyl]-1H-pyrrole-3-carboxylicaciddescribed 1n (Example 7) was

concentrated under reduced pressure. To the residue (15.46

g) (a foam shape, R form, ©84.6 %ee, Net 14.38 qg),

N,N-dimethylformamide (77 mL) was added, and the resulting

mixture was heated to 140 to 145°C and stirred for about 6 hours.

Then, the mixture was cooled to room temperature, and water

(77 mL) and toluene (404 mlL) were added thereto to effect

extraction, and the obtained organic layer was washed three

times with water (77 mL). The washed organic layer was

concentrated under reduced pressure (155 mL) and cooled to 0O

to 5°C and stirred for about 1 hour at that temperature. The
resulting crystal was filtered and washed with toluene (31 mL)
cooled to 0 to 5°C. The obtained wet crystal product was dried

under reduced pressure at 40°C, whereby

(RS) -1-(2-hydroxyethyl)-4-methyl-5-[2-(trifluoromethyl)phe

nyl]-1H-pyrrole-3-carboxylic acid was obtained (10.70 g,
content: 95.2% (Net 10.19 g), 0.5 %ee, yield: 70.9%). The
content was determined by using the method described 1in
(10-2-2) .

[0162]

By using the obtalined

(RS)-1-(2-hydroxyethyl)-4-methyl-5-[2-(trifluoromethyl)phe
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nyl]-1H-pyrrole-3-carboxylic acid as a starting material, and

also using the method described in Example 7,

(S)-1-(2-hydroxyethyl)-4-methyl-5-[2-(trifluoromethyl) phen
vl]-1H-pyrrole-3-carboxylic acid gquinine salt can Dbe

produced.

(10-2-2) HPLC determination method for content

"

l

About 23 mg O:

(R)-1- (2-hydroxyethyl)-4-methyl-5-[2-(trifluoromethyl) phen
vl]-1H-pyrrole-3-carboxylic acid was collected and diluted
with a mobile phase to 50 mL, whereby a standard solution or

a sample solution was prepared.

[(0163]

Column: L-column C8 (4.6 mm I.D. x 250 mm, 5 um) available from

Chemicals Evaluation and Research Institute

Mobile phase:

Solution A: acetonitrile : a 5 mM aqueous dilsodium

hydrogen phosphate solution = 20:30

Solution B: acetonitrile : water = 80:20

The gradient composition is shown in Table 6.

[0164]
[Table o]

Time (min) 0-5 5-15 15-30
Solution A : SolutionEBl 85:15 85:15 — 0:100 0:100

[0165]
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Detection: UV 254 nm

Flow rate: about 1.0 mL/min

Column temperature: constant temperature at around 40°C

Measurement time: about 30 min

Injection volume: 5 uL

The content was calculated according to the following

formula using the peak area of the title compound (retention

time: about 6.5 min) (absolute calibration curve method) .
[01l60]
Content (%) = Fx(Ws=Wt)x{(Qt+Qs)

Ws: welght of reference standard (mg), Wt: welght of unknown

sample (mg), Qs: peak area of standard solution, Qt: peak area

of sample solution, F: content of reference standard (%)

(01lo7]

(Example 11)

(R)-1-(2-Hydroxyethyl)-4-methyl-5-[2-(trifluoromethyl)phen
yvl]-1H-pyrrole-3—-carboxylic acid cinchonidine salt

To cinchonidine (46.98 g (159.6 mmol)), ethyl acetate

(1400 mL) was added, and while heating and stirring the

2

resulting mixture under reflux (about 78°C),

(RS)-1-(2-hydroxyethyl)-4-methyl-5-[2~(trifluoromethyl) phe

nyl]-1H-pyrrole-3-carboxylic acid (50.00 g (159.6 mmol)) was

added thereto. The resulting mixture was stirred for about

.

1 hour, and then gradually cooled to 20 to 30°C, and further

stirred for about 1 hour at that temperature. The deposited
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crystal was filtered and washed with ethyl acetate (250 mL).

The obtained wet crystal product was dried under reduced

pressure at 40°C, whereby a crude product of the title compound

(52.73 g) was obtained (yield: 54.4%). The diastereomeric

excess of the obtained salt was 71.9 %de.

[01068]

To the obtained crude product (50.00 g), ethanol (75 mL)

and ethyl acetate (100 mlL) were added, and the resultingmixture

fter the

was heated and stirred under reflux (about 78°C). A

mixture was stirred for about 1 hour, ethyl acetate (825 mlL)

was added thereto, and the resulting mixture was stirred under

reflux again for about 0.5 hours. Thereafter, the mixture was

cooled to 0 to 5°C and stirred for about 1 hour at that

temperature. The resulting crystal was filtered and washed

with ethyl acetate (200 mL) cooled to 0 to 5°C. The obtained

wet crystal product was dried under reduced pressure at 40°C,

whereby the title compound was obtained (34.21 g, recovery

rate: 08.4%, yield: 37.2%). The diastereomeric excess of the

obtained salt was 98.7 %de.

lH NMR (400 MHz, CDCl3) o0: 1.27-1.67 (m, 2H), 1.75-2.04 (m, 4H),

2.13-2.33 (m, 1H), 2.52-2.%94 (m, 2H), 3.14-3.23 (m, Z2H),
3.46-4.12 (m, 2H), 4.76-5.10 (m, 2H), 5.58-5.90 (m, 2H),

6.10-6.95 (m, 2H), 7.00-8.25 (m, 7H), 8.55-9.01 (m, 1H).

MS (ESI): 313, 294

[0169]
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(Example 12) Production method (2) for

(S)-1-(2-hydroxyethyl)-4-methyl-N-[4-{methylsulfonyl)pheny

1]-5-[2-(trifluoromethyl)phenyl]-1H-pyrrole~-3-carboxamide
(Compound (A))

(12-1)

(S)-1-(2-Hydroxyethyl)-4-methyl-5-[2-(trifluoromethyl)phen

yvl]-1H-pyrrole-3-carboxylic acid
1o

(S)-1-(2-hydroxyethyl)-4-methyl-5-[2-(trifluoromethyl)phen

yl]-1H-pyrrole-3-carboxylic acid

(8a, 9R) -6’ -methoxycinchonan-9-0l (10.00 g (16 mmol)) obtained

by the production method of Example 7, t-butyl methyl ether
(90 mL), water (10 mL), and a 36 w/w% agqueous hydrochloric acid

solution (5 mL) were added, and the resulting mixture was

stirred at room temperature, followed by liguid separation.
The obtailned organic layer was concentrated under reduced

pressure (30 mL), and ethyl acetate (50 mL) was added thereto,

and the resulting mixture was further concentrated under
reduced pressure, whereby a solution contalning the title

compound (30 mL) was obtained.

(12-2)

2= ((S)-3-Methyl-4-{[4- (methylsulfonyl)phenyl]carbamoyl}-2-

(2= (trifluoromethyl)phenyl]-1H-pyrrol-1-yl)ethyl

N-{[4- (methylsulfonyl)phenyl]amino}oxamate
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Ethyl acetate (50 mL), tetrahydrofuran (20 mlL), and

oxalyl chloride (5.18 g (41 mmol)) weremixed, and the resulting

mixture was cooled to 0 to 5°C. Then, the solution obtained

in Example (12-1) was added thereto while maintaining the

temperature at 0 to 5°C, and the resulting mixture was stirred

at 0 to 10°C for 6 hours. After stirring, acetonitrile (30 mL)

and pyridine (0.62 g (8 mmol)) were added thereto, and the
reaction solution was concentrated under reduced pressure (30

mL), and acetonitrile (50 mL) was added thereto, and the

resulting mixture was further concentrated under reduced

pressure (30 mL).

[0170]

After completion of concentration under reduced pressure,
acetonitrile (10 mL) and oxalyl chloride (0.10 g (1 mmol)) were

added thereto, and the resulting mixture was cooled to 0 to

5°C (Reaction Solution 1).
[0171]

After acetonitrile (30 mL), pyridine (3.15 g (40 mmol) ),

and 4-(methylsulfonyl)aniline (6.71 g (39 mmol)) were

sequentially added, Reaction Solution 1 was added thereto while

maintaining the temperature at 10 to 15°C, and the resulting

mixture was heated to 20 to 25°C and stirred for about 1 hour.

[0172]

4

Filtered from the obtained reaction

Insoluble matter was

solution and washed with acetonitrile (10 mlL), and then water
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(15 mL) was added thereto, and the resultingmixture was stirred

for about 2 hours. Then, water (75 mL) was added dropwise

thereto over about 1 hour. After the resulting suspension was

stirred for about 1 hour, the crystal was filtered and washed

with a 50 v/v% agqueous acetonitrile solution (20 mL), whereby

a wet product of the title compound (undried product, 15.78

g) was obtained

lH NMR (500 MHz, DMSO-ds) o: 1.94 (s, 3H), 3.19 (s, 3H), 3.20

(s, 3H), 3.81 (t, 1H), 4.12 (t, 1H), 4.45 (t, 2H, J = 5.81 Hz),
7.62 (t, 1H, J =4.39Hz), 7.74 (£, 2H, J =3.68 Hz), 7.86 (dd,
3H), 7.92 (dd, 3H, J =6.94, 2.13 Hz), 7.97 (dd, 2H, J = 0.80,

1.98 Hz), 8.02 (dd, 2H), 10.03 (s, 1H), 11.19 (s, 1H)

(12-3)

(S)-1-(2-Hydroxyethyl)-4-methyl-N-[4- (methylsulfonyl)pheny

11-5-[2-(trifluoromethyl)phenyl]-1H-pyrrole-3-carboxamide

(Compound (A))

P

To the crystal of the wet product obtained in (12-2),

t-butyl methyl ether (50 mL), acetonitrile (10 mL), a 48 w/w

agqueous potassium hydroxide solution (4 g), and water (50 mL)

were added, and the resulting mixture was stirred at 15 to 25°C

for about 2 hours. After stirring, liquid separation was

performed, and the obtained organic layer was concentrated

under reduced pressure (30 mL), and ethanol (60 mL) was added

thereto, and the resulting mixture was further concentrated
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F
p—

under reduced pressure (30 mL). After completion of

concentration under reduced pressure, ethanol (14 mlL) and water

(20 mL) were added thereto, and then, a seed crystal was added

ke

thereto to deposit a crystal. After water (50 mL) was added

dropwlse thereto over about 1 hour, the resulting mixture was

stirred for about 1 hour, and the resulting crystal was filtered.

Thereafter, the crystal was washed with a 30 v/v% agueous

ethanol solution (10 mL) and dried under reduced pressure at

40°C, whereby the title compound was obtained in the form of

a crystal (60.36 g, yield: 87.0%). The amount of enantiomer

P

of the obtained crystal was 0.05%. The amount of enantiomer

was determined by the method described 1n (Example 8-4).

lH NMR (400 MHz, CDCls) o: 1.74 (1H, broad singlet), 2.08 (3H,
sy, 3.04 (3H, s), 3.63-3.80 (4H, m), 7.36 (1H, d, J = 7.2 Hz),

7.48 (l1H, s), 7.58-7.67 (2H, m), 7.77-7.90 (6H, m)

[0173]

(Formulation Example 1) <Capsule>

The crystal (5 g) obtained 1n Example 8, lactose (115

g), cornstarch (58 g) and magnesium stearate (2 g) are mixed

using a V-type mixer, and the resulting mixture 1s filled 1in

a capsule (180 mg per capsule), whereby a capsule 1s obtained.

(Formulation Example 2) <Tablet>

The crystal (5 g) obtained in Example 8, lactose (90 g),
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cornstarch (34 g), crystalline cellulose (20 g), and magnesium

stearate (1 g) aremixed using a V-type mixer, and the resulting
mixture 1s tableted (a mass of 150 mg per tablet) using a

tableting machine, whereby a tablet 1s obtained.

(Formulation Example 3) <Suspension>

A dispersion medium 1in which methyl cellulose 1s

dispersed or dissolved 1in purified water 1s prepared. The

crystal obtained in Example 8 1s welghed and placed 1n a mortar

and kneaded well while adding the above-mentioned dispersion

medium thereto in small portions, and then, purified water 1is

added thereto, whereby a suspension (100 g) 1s prepared.
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The embodiments of the invention in which an

exclusive property or privilege is claimed are defined as

follows:

1. A crystal of (S)-1-(Z2-hydroxyethyl)-4-methyl-N-[4-

(methylsulfonyl)phenyl}-5—[2—(trifluoromethyl)phenyl]—1H~

pyrrole-3-carboxamide represented by the following formula

(A) ©

which shows characteristic peaks at diffraction angles 20

of ©.80, 17.06, 19.24, 22.80, and 25.48 in a powder X-ray

diffraction pattern obtained by irradiation with copper Ko

radiation.

2. A crystal of (S)-1-(2-hydroxyethyl)-4-methyl-N-[4-
(methylsulfonyl)phenyl]-5-[2-(trifluoromethyl)phenyl]-1H-

pyrrole-3-carboxamide represented by the following formula

(A) :

CA 2908879 2017-07-13
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(A) ©

which shows main peaks at diffraction angles 20 of 6.80,

12.32, 13.60, 14.46, 16.30, 17.06, 18.42, 19.24, 19.86,
20.36, 20.82, 21.84, 22.50, 22.80, 23.20, 23.50, 24.60,
24.88, 25.48, 26.96, 27.52, 29.26, 31.80, 32.08, 35.82,
40.32, and 41.36 in a powder X-ray diffraction pattern

obtalned by irradiation with copper Ko radiation.

3. A pharmaceutical composition, comprising the crystal
according to claim 1 or 2 as the active ingredient together

with a pharmaceutically acceptable diluent or carrier.

4. A prophylactic or therapeutic agent for nypertension,
angina pectoris, acute coronary syndrome, congestive heart

fallure, nephropathy, arteriosclerosis, cerebral
infarction, fibrosis, primary aldosteronism, or a heart

disease, comprising the crystal according to claim 1 or 2

as the active ingredient.

CA 23908879 2017-07-13



70

ol A therapeutic agent for hypertension, comprising the

crystal according to claim 1 or 2 as the active ingredient.

6. A therapeutic agent for diabetic nephropathy,

comprising the crystal according to claim 1 or 2 as the

active 1ingredient.

7. Use of the crystal according to claim 1 or 2 for

producing a medicament.

CA 29508879 2017-07-13
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