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Technical Field

The present disclosure relates to a salt of
4-[5-[(3S)-3-aminopyrrolidine-1-carbonyl]-2-[ 2-fluoro-4-(2-hydroxy-2-methyl-propyl)
phenyl]phenyl]-2-fluoro-benzonitrile.

Background Art

The compound
4-[5-[(3S)-3-aminopyrrolidine-1-carbonyl]-2-[ 2-fluoro-4-(2-hydroxy-2-methyl-propyl)
phenyl]phenyl]-2-fluoro-benzonitrile (referred to herein as Compound A) has been
known as a potent LSD1 inhibitor and use as an antitumor agent or an agent for
preventing and/or treating cancer (PL 1).

It is desired that such an LSD1 inhibitor shows stability when it is used for a pharma-
ceutical formulation.

Also, there is a desire to develop such an LSDI inhibitor that can be easily handled.
It is known that the hygroscopicity of a biologically active compound affects the
handling of the compound during its incorporation into a potential pharmaceutical
composition. Hygroscopic compounds present problems due to their moisture ab-
sorption which leads to variations in compound mass depending on the amount of
water present in the surrounding environment, making it difficult to accurately evaluate
the compound’s biological efficacy and to ensure the uniformity of pharmaceutical
compositions containing the compound. Therefore, an active chemical compound with
low hygroscopicity is desirable.

Citation List

Patent Literature

PTL 1: W0O2017/090756
Summary of Invention

Technical Problem

An object of the present application is to provide a salt of
4-[5-[(3S)-3-aminopyrrolidine-1-carbonyl]-2-[ 2-fluoro-4-(2-hydroxy-2-methyl-propyl)
phenyl]phenyl]-2-fluoro-benzonitrile having improved stability and having no or less
absorption and/or disorption property of moisture.
Solution to Problem

During a research of physicochemical properties of Compound A for the purpose of
development of a formulation of Compound A, it has been found that Compound A is

hygroscopic and has a characteristic of absorbing moisture in the air when a free form
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of Compound A is exposed to an atmosphere of high humidity and discharging
moisture when exposed to an atmosphere of low humidity. In addition, analogous

substances were generated after storage of Compound A.
In an industrial production of a pharmaceutical product, it is required that a drug in-

gredient has stability. However, the stability depends on the attribute of each
compound. Therefore, it is difficult to predict a salt having appropriate properties as a
drug ingredient for a pharmaceutical product. From such a point of view, the inventors
have synthesized various salts of Compound A and has researched properties and
stability thereof. Among these salts and a free form, the L-tartrate and the free form
had the characteristic of hygroscopicity, and the succinate and the free form had a poor
solid stability. It was found that only the benzoate and the sorbate were able to reduce
the adsorption and/or desorption of moisture, and were stable.

For example, the present disclosure encompasses the subject matter below.

In some aspects, a benzoic acid salt of
4-[5-[(35)-3-aminopyrrolidine- 1-carbonyl]-2-[ 2-fluoro-4-(2-hydroxy-2-methyl-propyl)
phenyl]phenyl]-2-fluoro-benzonitrile is provided.

In other aspects, a sorbic acid salt of
4-[5-[(3S)-3-aminopyrrolidine-1-carbonyl]-2-[2-fluoro-4-(2-hydroxy-2-methyl-propyl)
phenyl]phenyl]-2-fluoro-benzonitrile is provided.

Advantageous Effects of Invention

The benzoic acid salt of
4-[5-[(3S)-3-aminopyrrolidine-1-carbonyl]-2-[ 2-fluoro-4-(2-hydroxy-2-methyl-propyl)
phenyl]phenyl]-2-fluoro-benzonitrile of the present disclosure has an excellent solid
stability as a drug ingredient for a pharmaceutical product, compared to Compound A
in free form and the succinic acid salt, and is capable of eliminating or reducing hygro-
scopicity, compared to Compound A in free form and the succinic acid salt and the L-
tartaric acid salt.

The sorbic acid salt of
4-[5-[(35)-3-aminopyrrolidine- 1-carbonyl]-2-[ 2-fluoro-4-(2-hydroxy-2-methyl-propyl)
phenyl]phenyl]-2-fluoro-benzonitrile of the present disclosure also has an excellent
solid stability as a drug ingredient for a pharmaceutical product, compared to
Compound A in free form and the succinic acid salt, and is capable of reducing hygro-
scopicity, compared to Compound A in free form and the L-tartaric acid salt.

Brief Description of Drawings
[fig.1]FIG. 1 is powder X-ray diffraction spectrum of a benzoic acid salt of Compound
A. The axis of ordinates represents intensity (counts), and the axis of abscissas

represents diffraction angle (20)).
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[fig.2]FIG. 2 is a differential scanning calorie (DSC) curve of the benzoic acid salt of
Compound A. The axis of ordinates represents DSC (W/g), and the axis of abscissas
represents temperature (°C).

[fig.3]FIG. 3 is a moisture absorption/desorption isothermal curve of the benzoic acid
salt of Compound A. The axis of ordinates represents weight change ratio (%), and the
axis of abscissas represents relative humidity (% RH).

[fig.4]FIG. 4 is powder X-ray diffraction spectrum of a free form Form C of
Compound A. The axis of ordinates represents intensity (counts), and the axis of
abscissas represents diffraction angle (20)).

[fig.S]FIG. 5 is a differential scanning calorie (DSC) curve of the free form Form C of
Compound A. The axis of ordinates represents DSC (W/g), and the axis of abscissas
represents temperature (°C).

[fig.6]FIG. 6 is a moisture absorption/desorption isothermal curve of the free form
Form C of Compound A. The axis of ordinates represents weight change ratio (%), and
the axis of abscissas represents relative humidity (% RH).

[fig.7]FIG. 7 is powder X-ray diffraction spectrum of a succinic acid salt of Compound
A. The axis of ordinates represents intensity (counts), and the axis of abscissas
represents diffraction angle (20)).

[fig.8]FIG. 8 is a differential scanning calorie (DSC) curve of the succinic acid salt of
Compound A. The axis of ordinates represents DSC (W/g), and the axis of abscissas
represents temperature (°C).

[fig.9]FIG. 9 is a moisture absorption/desorption isothermal curve of the succinic acid
salt of Compound A. The axis of ordinates represents weight change ratio (%), and the
axis of abscissas represents relative humidity (% RH).

[fig.10]FIG. 10 is powder X-ray diffraction spectrum of a L-tartaric acid salt of
Compound A. The axis of ordinates represents intensity (counts), and the axis of
abscissas represents diffraction angle (20)).

[fig. 11]FIG. 11 is a differential scanning calorie (DSC) curve of the L-tartaric acid salt
of Compound A. The axis of ordinates represents DSC (W/g), and the axis of abscissas
represents temperature (°C).

[fig.12]FIG. 12 is a moisture absorption/desorption isothermal curve of the L-tartaric
acid salt of Compound A. The axis of ordinates represents weight change ratio (%),
and the axis of abscissas represents relative humidity (% RH).

[fig.13]FIG. 13 is powder X-ray diffraction spectrum of a sorbic acid salt of
Compound A. The axis of ordinates represents intensity (counts), and the axis of
abscissas represents diffraction angle (20)).

[fig.14]FIG. 14 is a differential scanning calorie (DSC) curve of the sorbic acid salt of
Compound A. The axis of ordinates represents DSC (W/g), and the axis of abscissas
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represents temperature (°C).
[fig.15]FIG. 15 is a moisture absorption/desorption isothermal curve of the sorbic acid
salt of Compound A. The axis of ordinates represents weight change ratio (%), and the
axis of abscissas represents relative humidity (% RH).
Description of Embodiments

In the present disclosure, “Compound A’ refers to
4-[5-[(3S)-3-aminopyrrolidine-1-carbonyl]-2-[ 2-fluoro-4-(2-hydroxy-2-methyl-propyl)
phenyl]phenyl]-2-fluoro-benzonitrile in free form.
4-[5-[(3S)-3-aminopyrrolidine-1-carbonyl]-2-[ 2-fluoro-4-(2-hydroxy-2-methyl-propyl)
phenyl]phenyl]-2-fluoro-benzonitrile has the following structure:
[Chem.1]

The Compound A is described as Example compound 37 of PCT Publication No.
WO2017/090756, the disclosure of which is incorporated by reference herein in its
entirety.

In the present disclosure, “a benzoic acid salt” and “benzoate” may be used inter-
changeably.

In the present disclosure, “a sorbic acid salt” and “sorbate” may be used inter-
changeably.

In a powder X-ray diffraction spectrum, a diffraction angle or a general pattern may
be important in recognizing an identity of crystals, for a nature of data. Relative
intensity of a powder X-ray diffraction spectrum can slightly vary depending on
direction of crystal growth, size of particles, or condition of measurement, and
therefore, should not be strictly interpreted.

In the present disclosure the term “diffraction angle (20+0.2°)” in the powder X-ray
diffraction spectrum refers to a value which may be in a range within +0.2° of a value
unless otherwise indicated. A numerical value obtained from various patterns may be
accompanied by a slight error due to the direction of crystal growth, size of particles,
or condition of measurement thereof.

In the present disclosure, the term “in the vicinity” which is used with a peak tem-
perature of an endothermic peak in a differential scanning calorie (DSC) curve refers
to a value which approximately is the temperature, preferably refers to a value which

may be within a range of £5°C. of the value. More preferably, it refers to a value
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which may be in a range within +2°C. of the value.

The salt and/or crystalline form of the present disclosure and intermediates thereof
can be isolated and purified by well-known separation and purification techniques such
as recrystallization, crystallization, distillation and column chromatography.

When optical isomers, stereoisomers, tautomers, or rotary isomers are possible in the
salt and/or crystalline form of the present disclosure but not explicitly depicted, the salt
and/or crystalline form are intended to encompass these isomers separately or as
mixtures thereof. For example, unless otherwise stated, when a salt and/or crystalline
form of the present disclosure appears as the racemate, the possible enantiomers and/or
diastereomers that can be resolved from the racemate are also considered to be en-
compassed by of the present disclosure. The enantiomers and/or diastereomers can
typically be obtained by well-known synthetic methods.

As used herein and unless otherwise specified, the term “crystal” and related terms
used herein, when used to describe a compound, substance, modification, material,
component or product, mean that the compound, substance, modification, material,
component or product is substantially crystalline as determined by X-ray diffraction.
See, e.g., Remington: The Science and Practice of Pharmacy, 21st edition, Lippincott,
Williams and Wilkins, Baltimore, MD (2005); The United States Pharmacopeia, 23rd
ed. 1843-1844 (1995).

As used herein and unless otherwise specified, the term “crystalline form” and
related terms herein refer to solid forms that are crystalline. Crystalline forms include
single-component crystalline forms and multiple-component crystalline forms, and
may optionally include, but are not limited to, co-crystals, salts (including pharma-
ceutically acceptable salts), polymorphs, solvates, hydrates, and/or other molecular
complexes. In certain embodiments, a crystalline form of a substance may be sub-
stantially free of amorphous forms and/or other crystalline forms. In certain em-
bodiments, a crystalline form of a substance may contain less than about 0.1, 0.5, 1, 2,
3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 20, 25, 30, 35, 40, 45 or 50% of one or more
amorphous forms and/or other crystalline forms on a weight basis.

In a certain embodiment, a crystalline form can be anhydrous. In a certain em-
bodiment, a crystalline form can be hydrate.

As used herein and unless otherwise specified, the terms “polymorphs,”
“polymorphic forms” and related terms herein, refer to two or more crystalline forms
that consist essentially of the same molecule, molecules, and/or ions. Like different
crystalline forms, different polymorphs may have different physical properties such as,
e.g., melting temperature, heat of fusion, solubility, dissolution properties and/or vi-
brational spectra, as a result of the arrangement or conformation of the molecules and/

or ions in the crystal lattice. The differences in physical properties may affect pharma-



WO 2021/095835 PCT/JP2020/042383

[0028]

[0029]

[0030]

ceutical parameters such as storage stability, compressibility and density (important in
formulation and product manufacturing), and dissolution rate (an important factor in
bioavailability). Differences in stability can result from changes in chemical reactivity
(e.g., differential oxidation, such that a dosage form discolors more rapidly when
comprised of one polymorph than when comprised of another polymorph) or me-
chanical changes (e.g., tablets crumble on storage as a kinetically favored polymorph
converts to thermodynamically more stable polymorph) or both (e.g., tablets of one
polymorph are more susceptible to breakdown at high humidity). As a result of
solubility/dissolution differences, in the extreme case, some solid-state transitions may
result in lack of potency or, at the other extreme, toxicity. In addition, the physical
properties may be important in processing (e.g., one polymorph might be more likely
to form solvates or might be difficult to filter and wash free of impurities, and particle
shape and size distribution might be different between polymorphs).

39 ¢

As used herein and unless otherwise specified, the term “amorphous,” “amorphous
form,” and related terms used herein, mean that the substance, component or product in
question is not substantially crystalline as determined by X-ray diffraction. In
particular, the term "amorphous form" describes a disordered solid form, i.e., a solid
form lacking long range crystalline order.

Techniques for characterizing crystalline forms and amorphous forms include, but
are not limited to, thermal gravimetric analysis (TGA), differential scanning
calorimetry (DSC), X-ray powder diffractometry (XRPD), single-crystal X-ray
diffractometry, vibrational spectroscopy, e.g., infrared (IR) and Raman spectroscopy,
solid-state and solution nuclear magnetic resonance (NMR) spectroscopy, optical mi-
croscopy, hot stage optical microscopy, scanning electron microscopy (SEM), electron
crystallography and quantitative analysis, particle size analysis (PSA), surface area
analysis, solubility measurements, dissolution measurements, elemental analysis, and
Karl Fischer analysis. Characteristic unit cell parameters may be determined using one
or more techniques such as, but not limited to, X-ray diffraction and neutron
diffraction, including single-crystal diffraction and powder diffraction. Techniques
useful for analyzing powder diffraction data include profile refinement, such as
Rietveld refinement, which may be used, e.g., to analyze diffraction peaks associated
with a single phase in a sample comprising more than one solid phase. Other methods
useful for analyzing powder diffraction data include unit cell indexing, which allows
one skilled in the art to determine unit cell parameters from a sample comprising
crystalline powder.

Aspects of the disclosure include a benzoic acid salt or benzoate of
4-[5-[(3S)-3-aminopyrrolidine-1-carbonyl]-2-[2-fluoro-4-(2-hydroxy-2-methyl-propyl)
phenyl]phenyl]-2-fluoro-benzonitrile.
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The benzoic acid salt of Compound A may be any one of salt forms of Compound A
with benzoic acid, for example, monobenzoate, hemibenzoate, dibenzoate, or the like.
The term is further used in a meaning involving both a crystal of benzoate of
Compound A and an amorphous of benzoate of Compound A. In a preferred em-
bodiment, the benzoate of Compound A is monobenzoate of Compound A. In another
preferred embodiment, the benzoate of Compound A is a crystal. In yet another
preferred embodiment, the benzoate of Compound A is a crystal of monobenzoate of
Compound A.

Single crystals, including polymorphic forms, if any, and amorphous forms are
included within the scope of the benzoic acid salt of the Compound A.

Such crystals can be produced by crystallization according to a crystallization
method known in the art. The benzoic acid salt of the Compound A may be a solvate
(e.g., a hydrate) or a non-solvate. Any of such forms are included within the scope of
the salt of the present disclosure.

The benzoic acid salt of the Compound A may be a labeled form of the salt of
Compound A, that is, a compound having one or more atoms of the benzoic acid salt of
the Compound A substituted with a radioisotopic element or a non-radioisotopic
element.

The crystal of the benzoic acid salt of Compound A may be produced through crys-
tallization of amorphous state of the benzoic acid of Compound A, or crystallization or
recrystallization of a reaction product obtained after the synthesis of benzoic acid salt
of Compound A.

The benzoic acid salt of the Compound A can be produced by reacting the
Compound A with benzoic acid. Compound A can be produced by any known
methods in the art, including, but not limited to, those methods described in PCT Pub-
lication No. WO2017/090756, the disclosure of which is incorporated by reference
herein in its entirety. The reaction of the Compound A with benzoic acid may be
conducted in a solvent. Examples of solvents include, as a single solvent, hydrocarbons
such as n- heptane and n-hexane; esters such as ethyl acetate, n-propyl acetate and
butyl acetate; ketones such as acetone, methyl ethyl ketone, methyl isopropyl ketone
and methyl isobutyl ketone; alcohols such as methanol, ethanol, 1-propanol and
2-propanol; acetonitrile; tetrahydrofuran such as tetrahydrofuran and
2-methyltetrahydrofuran and, as mixed solvents, mixed solvents of any of the above
solvents and water. Examples of the preferred solvents to be used for the crystallization
of the benzoic acid salt of Compound A are, but not limited to, n-heptane, ethyl
acetate, methyl isobutyl ketone, methyl ethyl ketone, a mixture of n-heptane and mehyl
ethyl ketone, ethanol, a mixture of ethanol and water, ketone, ethyl acetate,

2-methyltetrahydrofuran.
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The amount of solvent (v/w) is preferably not less than 5 times and not more than
40times the amount of benzoic acid salt of Compound A, more preferably not less than
5 times and not more than 20 times the amount of benzoic acid salt of Compound A,
further preferably not less than 7 times and not more than 15 times the amount of
benzoic acid salt of Compound A. The dissolution temperature and the crystallization
temperature are preferably not less than 0°C and not more than 100°C.

The precipitated crystals may be isolated and purified from the solution in which the
crystals are dissolved, the mixed solution, or the like, by a known isolation and pu-
rification means, such as filtration, washing with an organic solvent, or drying under
reduced pressure. Examples of organic solvents to be used for washing include
alcohols, ketones, and acetonitrile.

In some embodiments, the crystal of the benzoic acid salt of Compound A has a
powder X-ray diffraction spectrum having two or more, three or more, four or more, or
five peaks of diffraction angles (20+0.2°) selected from the group consisting of 15.3°,
16.2°, 17.8°, 21.4° and 25.5°. The powder X-ray diffraction spectrum can be measured
according to the test conditions in the EXAMPLES.

In some embodiments, the crystal of the benzoic acid salt of Compound A has a
powder X-ray diffraction spectrum of FIG. 1.

In some embodiments, the crystal of the benzoic acid salt of Compound A has a peak
temperature in a differential scanning calorie (DSC) curve in the range from about 188
°C, 189 °C, 190 °C, 191 °C, 192 °C, 193 °C or 194 °C to about 192 °C, 193 °C, 194
°C, 195 °C, 196 °C, 197 °C or 198 °C. In some embodiments, the crystal of the
benzoic acid salt of Compound A has a peak temperature in a DSC curve in the range
from 188 °C to 198 °C, from 191 °C to 195 °C, from 190 °C to 194 °C, or from 192 °C
to 196 °C. In some embodiments, the crystal of the benzoic acid salt of Compound A
has a peak temperature in a DSC curve in the vicinity of 193 °C.

In some embodiments, the crystal of the benzoic acid salt of Compound A has a peak
temperature of FIG. 2.

In some embodiments, the crystal of the benzoic acid salt of Compound A has a
powder X-ray diffraction spectrum having two or more, three or more, four or more, or
five peaks of diffraction angles (20+0.2°) selected from the group consisting of 15.3°,
16.2°,17.8°, 21.4° and 25.5° and has a peak temperature in DSC curve in the range
from about 188 °C, 189 °C, 190 °C, 191 °C, 192 °C, 193 °C or 194 °C to about 192 °C
, 193 °C, 194 °C, 195 °C, 196 °C, 197 °C or 198 °C.

In some embodiments, the crystal of the benzoic acid salt of Compound A has a
powder X-ray diffraction spectrum having two or more, three or more, four or more, or
five peaks of diffraction angles (20+0.2°) selected from the group consisting of 15.3°,
16.2°, 17.8°, 21.4° and 25.5° and has a peak temperature in DSC in the range from 188
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°C to 198°C, from 191°C to 195°C, from 190 °C to 194 °C, or from 192 °C to 196 °C,
or, in the vicinity of 193 °C.

In another embodiment, the crystal of the benzoic acid salt of Compound A has a
powder X-ray diffraction spectrum of FIG. 1 and a peak temperature of FIG. 2 in a dif-
ferential scanning calorie (DSC) curve.

In certain embodiments, the crystalline form of benzoic acid salt of Compound A
disclosed herein may be physically and/or chemically pure. In certain embodiments,
the crystalline form of benzoic acid salt of Compound A disclosed herein may be at
least about 100, 99, 98, 97, 96, 95, 94, 93, 92, 91, 90, 89, 88, 87, 86, 85, 84, 8§83, 82, 81
or 80% physically and/or chemically pure. In some embodiments, the crystalline form
of benzoic acid salt of Compound A disclosed herein is substantially pure. As used
herein and unless otherwise specified, a sample comprising a particular crystalline
form or amorphous form that is "substantially pure,” e.g., substantially free of other
solid forms and/or of other chemical compounds, contains, in particular embodiments,
less than about 25%, 20%, 15%, 10%, 9%, 8%, 1%, 6%, 5%, 4%, 3%, 2%, 1%, 0.75%,
0.5%, 0.25% or 0.1% percent by weight of one or more other solid forms and/or of
other chemical compounds.

In some embodiments, the crystalline form of benzoic acid salt of Compound A
disclosed herein is stable upon exposure to conditions of about 30, 40, 50, 60, 70 or 80
°C and about 65, 70, 75, 80 or 85 % relative humidity for about 1, 2, 3, 4,5, 6,7, 8, 12,
16, 24, 36, 48, 60, 72, 84, 96, 108, 120, 132, 144, or 156 weeks or more and for about
160, 156, 150, 138, 126, 114, 102, 90, 78, 66, 54, 42, 30, 24, 18, 12 or 6 weeks or less.
The condition may be in a closed or open condition. As used herein, a “closed”
condition may mean that a lid of a bottle containing the sample is closed or sealed
during the stability experiment, and an “open” condition may mean that the lid is open.
In additional embodiments, the crystalline form of benzoic acid salt of Compound A
disclosed herein is stable upon exposure to conditions of about 40 °C and about 75%
relative humidity for at least about 1, 2, 3, 4,5,6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19, 20, 21, or 22 weeks. In some embodiments, the condition is a closed condition.
In further embodiments, the crystalline form of benzoic acid salt of Compound A
disclosed herein is stable upon exposure to conditions of about 40 °C and about 75%
relative humidity for about 4 weeks. In some embodiments, the condition is a closed
condition. Thus, the crystalline form of benzoic acid salt of Compound A disclosed
herein exhibits excellent storage stability over an extended period. Herein, being
“stable” means that (i) the change in the optical purity is about 1.0, 0.5, 0.3, 0.1, 0.05,
or 0.01% or less compared to the initial optical purity, (ii) the increase in impurities is
about 1.0, 0.5, 0.3, 0.1, 0.05, or 0.01% or less compared to the initial amount of im-
purities, and/or (iii) the X-ray diffraction pattern maintains 10, 20, 30, 40, 50, 60, 70,
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80, or 90% or more of the initial peaks at (20 + 0.2°).

The benzoic acid salt of Compound A used in aspects of the disclosure are less hy-
groscopic than the free form of Compound A and other salts of Compound A
examined. Among the free form and the salts of Compound A examined, the benzoic
acid salt of Compound A is excellent in reducing the adsorption and/or disorption of
moisture.

The benzoic acid salt of Compound A used in aspects of the disclosure is more
excellent in solid stability than the free form of Compound A and the succinic acid salt
and the sorbic acid salt of Compound A in that substantially no analogous substance is
generated and the purity of the benzoic acid salt of Compound A is maintained higher
than the free form of Compound A and the succinic acid salt and the sorbic acid salt
after the benzoic acid salt of Compound A is stored for 4 weeks in the acceralated test.
It is important for a candidate compound to be developed as a pharmaceutical product
to have a solid stability, in an industrial operation and in maintaining a quality.
Therefore, the benzoic acid salt of Compound A has excellent properties required for a
pharmaceutical product or a drug ingredient for a pharmaceutical product.

Other aspects of the disclosure include a sorbic acid salt or sorbate of
4-[5-[(3S)-3-aminopyrrolidine-1-carbonyl]-2-[2-fluoro-4-(2-hydroxy-2-methyl-propyl)
phenyl]phenyl]-2-fluoro-benzonitrile.

The sorbic acid salt of Compound A may be any one of salt forms of Compound A
with sorbic acid, for example, monosorbate, hemisorbate, disorbate, or the like. The
term is further used in a meaning involving both a crystal of sorbate of Compound A
and an amorphous of sorbate of Compound A. In a preferred embodiment, the sorbate
of Compound A is monobenzoate of Compound A. In another preferred embodiment,
the sorbate of Compound A is a crystal. In yet another preferred embodiment, the
sorbate of Compound A is a crystal of monosorbate of Compound A.

Single crystals, including polymorphic forms, if any, and amorphous form are
included within the scope of the sorbic acid salt of Compound A.

Such crystals can be produced by crystallization according to a crystallization
method known in the art. The sorbic acid salt of the Compound A may be a solvate
(e.g., a hydrate) or a non-solvate. Any of such forms are included within the scope of
the salt of the present disclosure.

The sorbic acid salt of the Compound A may be a labeled form of the salt of
Compound A, that is, a compound having one or more atoms of the sorbic acid of the
Compound A substituted with a radioisotopic element or a non-radioisotopic element.

The crystal of the sorbic acid salt of Compound A may be produced through crystal-
lization of amorphous state of the sorbic acid salt of Compound A, or crystallization or

recrystallization of a reaction product obtained after the synthesis of the sorbic acid salt
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of Compound A.

The sorbic acid salt of the Compound A can be produced by reacting the Compound
A with sorbic acid. In preferred embodiments, the reaction of the Compound A with
sorbic acid may be conducted in a solvent. Examples of solvents include, as a single
solvent, hydrocarbons such as n- heptane and n-hexane; esters such as ethyl acetate, n-
propyl acetate and butyl acetate; ketones such as acetone, methyl ethyl ketone, methyl
isopropyl ketone and methyl isobutyl ketone; alcohols such as methanol, ethanol,
1-propanol and 2-propanol; acetonitrile; tetrahydrofuran such as tetrahydrofuran and
2-methyltetrahydrofuran and, as mixed solvents, mixed solvents of any of the above
solvents and water. Examples of the preferred solvents to be used for the crystallization
of the sorbic acid salt of Compound A are, but not limited to, n-heptane, and a mixture
of n-heptane and alcohol such as 1-propanol and 2-propanol.

The amount of solvent (v/w) is preferably not less than 5 times and not more than 40
times the amount of sorbic acid salt of Compound A, more preferably not less than 5
times and not more than 20 times the amount of sorbic acid salt of Compound A,
further preferably not less than 7 times and not more than 15 times the amount of
sorbic acid salt of Compound A. The dissolution temperature and the crystallization
temperature are preferably not less than 0°C and not more than 100°C.

The precipitated crystals may be isolated and purified from the solution in which the
crystals are dissolved, the mixed solution, or the like, by a known isolation and pu-
rification means, such as filtration, washing with an organic solvent, or drying under
reduced pressure. Examples of organic solvents to be used for washing include
alcohols, ketones, and acetonitrile.

The sorbic acid salt of Compound A used in aspects of the disclosure are less hy-
groscopic than the free form of Compound A and the succinic acid salt and the L-
tartaric acid salt.

In some embodiments, the crystal of the sorbic acid salt of Compound A has a
powder X-ray diffraction spectrum having two or more, three or more, four or more,
five or more or six peaks of diffraction angles (20+0.2°) selected from the group
consisting of 5.5°, 10.9°, 16.2°, 17.2°, 20.3° and 24.4°. The powder X-ray diffraction
spectrum can be measured according to the test conditions in the EXAMPLES.

In some embodiments, the crystal of the sorbic acid salt of Compound A has a
powder X-ray diffraction spectrum of FIG. 13.

In some embodiments, the crystal of the sorbic acid salt of Compound A has a peak
temperature in a differential scanning calorie (DSC) curve in the range from about 142
°C, 143 °C, 144 °C, 145 °C, 146 °C, 147 °C or 148 °C to about 147 °C, 148 °C, 149
°C, 150 °C, 151 °C, 152 °C or 153 °C. In some embodiments, the crystal of the sorbic
acid salt of Compound A has a peak temperature in a DSC curve in the range from 142
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°Cto 152°C, from 145°C to 149°C, from 144 °C to 148 °C, or from 146 °C to 149 °C.
In some embodiments, the crystal of the sorbic acid salt of Compound A has a peak
temperature in a DSC curve in the vicinity of 147 °C.

In some embodiments, the crystal of the sorbic acid salt of Compound A has a peak
temperature of FIG. 14 in a differential scanning calorie (DSC) curve.

In some embodiments, the crystal of the sorbic acid salt of Compound A has a
powder X-ray diffraction spectrum having two or more, three or more, four or more,
five or more or six peaks of diffraction angles (20+0.2°) selected from the group
consisting of 5.5°, 10.9°, 16.2°, 17.2°, 20.3° and 24.4° and has a peak temperature in a
DSC curve in the range from about 1142 °C, 143 °C, 144 °C, 145 °C, 146 °C, 147 °C
or 148 °C to about 147 °C, 148 °C, 149 °C, 150 °C, 151 °C, 152 °C or 153 °C.

In some embodiments, the crystal of the sorbic acid salt of Compound A has a
powder X-ray diffraction spectrum having two or more, three or more, four or more,
five or more or six peaks of diffraction angles (20+0.2°) selected from the group
consisting of 5.5°, 10.9°, 16.2°, 17.2°, 20.3° and 24.4° and has a peak temperature in a
DSC curve in the range from 142 °C to 152°C, from 145°C to 149°C, from 144 °C to
148 °C, or from 146 °C to 149 °C, or, in the vicinity of 147 °C.

In another embodiment, the crystal of the sorbic acid salt of Compound A has a
powder X-ray diffraction spectrum of FIG. 13 and a peak temperature of FIG. 14 in a
differential scanning calorie (DSC) curve.

In certain embodiments, the crystalline form of sorbic acid salt of Compound A
disclosed herein may be physically and/or chemically pure. In certain embodiments,
the crystalline form of sorbic acid salt of Compound A disclosed herein may be at least
about 100, 99, 98, 97, 96, 95, 94, 93, 92, 91, 90, 89, 88, 87, 86, 85, 84, 83, 82, 81 or
80% physically and/or chemically pure. In some embodiments, the crystalline form of
sorbic acid salt of Compound A disclosed herein is substantially pure. As used herein
and unless otherwise specified, a sample comprising a particular crystalline form or
amorphous form that is "substantially pure,” e.g., substantially free of other solid forms
and/or of other chemical compounds, contains, in particular embodiments, less than
about 25%, 20%, 15%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%, 0.75%, 0.5%,
0.25% or 0.1% percent by weight of one or more other solid forms and/or of other
chemical compounds.

In some embodiments, the crystalline form of sorbic acid salt of Compound A
disclosed herein is stable upon exposure to conditions of about 30, 40, 50, 60, 70 or 80
°C and about 65, 70, 75, 80 or 85 % relative humidity for about 1, 2, 3, 4,5, 6,7, 8, 12,
16, 24, 36, 48, 60, 72, 84, 96, 108, 120, 132, 144, or 156 weeks or more and for about
160, 156, 150, 138, 126, 114, 102, 90, 78, 66, 54, 42, 30, 24, 18, 12 or 6 weeks or less.
The condition may be in a closed or open condition. As used herein, a “closed”
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condition may mean that a lid of a bottle containing the sample is closed or sealed
during the stability experiment, and an “open” condition may mean that the lid is open.
In additional embodiments, the crystalline form of sorbic acid salt of Compound A
disclosed herein is stable upon exposure to conditions of about 40 °C and about 75%
relative humidity for at least about 1, 2, 3,4, 5,6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19, 20, 21, or 22 weeks. In some embodiments, the condition is a closed condition.
In further embodiments, the crystalline form of sorbic acid salt of Compound A
disclosed herein is stable upon exposure to conditions of about 40 °C and about 75%
relative humidity for about 4 weeks. In some embodiments, the condition is a closed
condition. Thus, the crystalline form of sorbic acid salt of Compound A disclosed
herein exhibits excellent storage stability over an extended period. Herein, being
“stable” means that (i) the change in the optical purity is about 1.0, 0.5, 0.3, 0.1, 0.05,
or 0.01% or less compared to the initial optical purity, (ii) the increase in impurities is
about 1.0, 0.5, 0.3, 0.1, 0.05, or 0.01% or less compared to the initial amount of im-
purities, and/or (iii) the X-ray diffraction pattern maintains 10, 20, 30, 40, 50, 60, 70,
80, or 90% or more of the initial peaks at (20 + 0.2°).

The sorbic acid salt of Compound A used in aspects of the disclosure is more
excellent in solid stability than the free form of Compound A and the succinic acid salt
of Compound A in that only a small amount of analogous substance is generated and
the purity of the sorbic acid salt of Compound A is maintained higher than the free
form of Compound A and the succinic acid salt after the sorbic acid salt of Compound
A is stored for 4 weeks in the accelerated test. It is important for a candidate compound
to be developed as a pharmaceutical product to have a solid stability, in an industrial
operation and in maintaining a quality. Therefore, the sorbic acid salt of Compound A
has excellent properties required for a pharmaceutical product or a drug ingredient for
a pharmaceutical product.

The benzoic acid salt of Compound A and the sorbic acid salt of Compound A have
excellent solid stability and low hygroscopicity. Thus, these salts are useful as a raw
material of a pharmaceutical composition.

The benzoic acid salt of Compound A and the sorbic acid salt of Compound A have
excellent LSDI inhibitory activity so that these compounds are useful as a pharma-
ceutical preparation for preventing and treating LSD1-related diseases.

The term “LSD1-related diseases or disorders” include diseases, the incidence of
which can be reduced, and symptoms of which can be remitted, relieved, and/or
completely cured by eliminating, suppressing, and/or inhibiting L.SD1 function.
Examples of such diseases include, but are not limited to, malignant tumors, etc. The
type of malignant tumor to be treated by the Compound A or a salt thereof is not par-

ticularly limited. Examples of such malignant tumors include head and neck cancers,
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esophagus cancer, gastric cancer, colon cancer, rectum cancer, liver cancer, gallbladder
cancer, cholangiocarcinoma, biliary tract cancer, pancreatic cancer, lung cancer, breast
cancer, ovarian cancer, cervical cancer, endometrial cancer, renal cancer, bladder
cancer, prostate cancer, testicular tumor, osteosarcoma, soft-tissue sarcoma, leukemia,
myelodysplastic syndrome, chronic myeloproliferative disease, malignant lymphoma,
multiple myeloma, skin cancer, brain tumor, mesothelioma, and the like. Preferable
examples include lung cancers (e.g., non-small cell lung cancer and small cell lung
cancer), leukemia, and myelodysplastic syndromes. More preferably, examples include
lung cancers (non-small-cell lung cancer, small-cell lung cancer, etc.) and leukemia.

Each of the benzoic acid salt of Compound A and the sorbic acid salt of Compound
A may be processed, after being pulverized or without being pulverized, into various
forms of pharmaceutical composition, for example tablets, capsules, granules, fine
granules, powdered drug, dry syrup and like oral preparations, suppositories, inhalation
agents, nasal drops, ointments, patches, aerosols and like external preparations, and in-
jections. Of these, oral preparations are preferable.

When the benzoic acid salt of Compound A or the sorbic acid salt of Compound A is
used as a pharmaceutical preparation a pharmaceutical carrier can be added, if
required, thereby forming a suitable dosage form according to prevention and
treatment purposes. Examples of the dosage form include oral preparations, injections,
suppositories, ointments, patches, and the like. Of these, oral preparations are
preferable. Such dosage forms can be formed by methods conventionally known to
persons skilled in the art.

As the pharmaceutical carrier, various conventional organic or inorganic carrier
materials used as preparation materials may be used. For example, such materials can
be blended as an excipient, binder, disintegrant, lubricant, or coating agent in solid
preparations; or as a solvent, solubilizing agent, suspending agent, isotonizing agent,
pH adjuster, buffer, or soothing agent in liquid preparations. Moreover, pharmaceutical
preparation additives, such as antiseptics, antioxidants, colorants, taste-masking or
flavoring agents, and stabilizers, can also be used, if required.

Oral solid preparations are prepared as follows. After an excipient is added optionally
with a binder, disintegrant, lubricant, colorant, taste-masking or flavoring agent, etc., to
the benzoic acid salt of Compound A or the sorbic acid salt of Compound A, the
resulting mixture is formulated into tablets, coated tablets, granules, powders, capsules,
or the like by methods known in the art.

Examples of excipients include lactose, sucrose, D-mannitol, glucose, starch, calcium
carbonate, kaolin, microcrystalline cellulose, and silicic acid anhydride. Examples of
binders include water, ethanol, 1-propanol, 2-propanol, simple syrup, liquid glucose,
liquid a-starch, liquid gelatin, D-mannitol, carboxymethyl cellulose, hydroxypropyl
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cellulose, hydroxypropyl starch, methyl cellulose, ethyl cellulose, shellac, calcium
phosphate, polyvinylpyrrolidone, and the like. Examples of disintegrators include dry
starch, sodium alginate, powdered agar, sodium hydrogen carbonate, calcium
carbonate, sodium lauryl sulfate, stearic acid monoglyceride, lactose, and the like.
Examples of lubricants include purified talc, stearic acid salt sodium, magnesium
stearate, borax, polyethylene glycol, and the like. Examples of colorants include
titanium oxide, iron oxide, and the like. Examples of taste-masking or flavoring agents
include sucrose, bitter orange peel, citric acid, L-tartaric acid, and the like.

When a liquid preparation for oral administration is prepared, a taste-masking agent,
a buffer, a stabilizer, a flavoring agent, and the like may be added to the benzoic acid
salt of Compound A or the sorbic acid salt of Compound A and the resulting mixture
may be formulated into an oral liquid preparation, syrup, elixir, etc., according to an
ordinary method.

In this case, the same taste-masking or flavoring agent as those mentioned above may
be used. Examples of the buffer include sodium citrate and the like, and examples of
the stabilizer include tragacanth, gum arabic, gelatin, and the like. As necessary, these
preparations for oral administration may be coated according to methods known in the
art with an enteric coating or other coating for the purpose of, for example, persistence
of effects. Examples of such coating agents include hydroxypropyl methylcellulose,
ethyl cellulose, hydroxymethyl cellulose, hydroxypropyl cellulose, polyoxyethylene
glycol, and Tween 80 (registered trademark).

When an injection is prepared, a pH adjuster, a buffer, a stabilizer, an isotonizing
agent, a topical anesthetic, and the like may be added, as necessary, to the the benzoic
acid salt of Compound A and the sorbic acid salt of Compound A; and the resulting
mixture may be formulated into subcutaneous, intramuscular, and intravenous in-
jections according to an ordinary method.

Examples of usable pH adjusters and buffers include sodium citrate, sodium acetate,
sodium phosphate, and the like. Examples of usable stabilizers include sodium py-
rosulfite, EDTA, thioglycolic acid, and thiolactic acid. Examples of usable topical
anesthetics include procaine hydrochloride, lidocaine hydrochloride, and the like.
Examples of usable isotonizing agents include sodium chloride, glucose, D-mannitol,
glycerin, and the like.

The amount of each of the benzoic acid salt of Compound A and the sorbic acid salt
of Compound A to be incorporated in each of such dosage unit forms depends on the
condition of the patient to whom the compound is administered, the dosage form, etc.
In general, in the case of an oral agent, an injection, and a suppository, the amount of
the compound of the present disclosure is preferably 0.05 to 1000 mg, 0.01 to 500 mg,

and 1 to 1000 mg, respectively, per dosage unit form.
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The daily dose of the medicine in such a dosage form depends on the condition, body
weight, age, gender, etc., of the patient, and cannot be generalized. For example, the
daily dose of the benzoic acid salt of Compound A or the sorbic acid salt of Compound
A for an adult (body weight: 50 kg) may be usually 0.05 to 5000 mg, and preferably
0.1 to 1000 mg; and is preferably administered in one dose, or in two to three divided
doses, per day.

Notwithstanding the appended claims, aspects of the present disclosure and
exemplary embodiments are described by the following clauses:

Clause [1]

A benzoic acid salt of
4-[5-[(3S)-3-aminopyrrolidine-1-carbonyl]-2-[2-fluoro-4-(2-hydroxy-2-methyl-propyl)
phenyl]phenyl]-2-fluoro-benzonitrile.

Clause [2]

The benzoic acid salt according to Clause 1 wherein the salt comprises a crystal.

Clause [3]

The benzoic acid salt according to Clause 2 wherein the crystal is an anhydrous.

Clause [4]

The benzoic acid salt according to Clause 2 wherein the crystal is a hydrate.

Clause [5]

The benzoic acid salt according to Clause 2 wherein the crystal has a powder X-ray
diffraction spectrum having at least two peaks of diffraction angles (20+0.2°) selected
from the group consisting of 15.3°, 16.2°, 17.8°, 21.4° and 25.5°.

Clause [6]

The benzoic acid salt according to Clause 2 wherein the crystal has a powder X-ray
diffraction spectrum having peaks of diffraction angles (20+0.2°) of 15.3°, 16.2°,
17.8°,21.4° and 25.5°.

Clause [7]

The benzoic acid salt according to any one of Clauses 2 to 6 wherein the crystal has a
peak temperature in a differential scanning calorie (DSC) curve with an endothermic
peak in the vicinity of 193°C.

Clause [8]

The benzoic acid salt according to any one of Claises 2 to 6 wherein the crystal has a
peak temperature in a differential scanning calorie (DSC) curve with an endothermic
peak in the range from 188°C to 198°C.

Clause [9]

The benzoic acid salt according to any one of Clauses 2 to § wherein the optical
purity of the crystalline form of the benzoic acid salt of Compound A is at least about
70, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 99.5 or 99.8%.
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Clause [10]

The benzoic acid salt according to any one of Clauses 2 to 9 wherein the crystal has a
powder X-ray diffraction spectrum of FIG. 1.

Clause [11]

A sorbic acid salt of
4-[5-[(3S)-3-aminopyrrolidine-1-carbonyl]-2-[ 2-fluoro-4-(2-hydroxy-2-methyl-propyl)
phenyl]phenyl]-2-fluoro-benzonitrile.

Clause [12]

The sorbic acid salt according to Clause 11 wherein the salt comprises a crystal.

Clause [13]

The sorbic acid salt according to Clause 12 wherein the crystal is an anhydrous.

Clause [14]

The sorbic acid salt according to Clause 12 wherein the crystal is a hydrate.

Clause [15]

The sorbic acid salt according to Clause 12 wherein the crystal has a powder X-ray
diffraction spectrum having at least two peaks of diffraction angles (20+0.2°) selected
from the group consisting of 5.5°, 10.9°, 16.2°, 17.2°, 20.3° and 24.4°.

Clause [16]

The sorbic acid salt according to Clause 12 wherein the crystal has a powder X-ray
diffraction spectrum having peaks of diffraction angles (20+0.2°) of 15.3°, 16.2°,
17.8°, 21.4° and 25.5°.

Clause [17]

The sorbic acid salt according to any one of Clauses 12 to 16 wherein the crystal has
a peak temperature in a differential scanning calorie (DSC) curve with an endothermic
peak in the vicinity of 147°C.

Clause [18]

The sorbic acid salt according to any one of Clauses 12 to 16 wherein the crystal has
a peak temperature in a differential scanning calorie (DSC) curve with an endothermic
peak in the range from 142°C to 152°C.

Clause [19]

The sorbic acid salt according to any one of Clauses 12 to 18 wherein the optical
purity of the crystalline form of the sorbic acid salt of Compound A is at least about
70, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 99.5 or 99.8%.

Clause [20]

The sorbic acid salt according to any one of Clauses 12 to 19 wherein the crystal
fumarate has a powder X-ray diffraction spectrum of FIG. 13.

Clause [21]

An LSDI inhibitor comprising the salt according to any one of Clauses 1 to 20, as an
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active ingredient.

Clause [22]

A pharmaceutical composition comprising the salt according to any one of Clauses 1
to 20.

Clause [23]

The pharmaceutical composition according to Clause 22 wherein the composition is
a pharmaceutical composition for preventing or treating an LSD1-related disease or
disorder.

Clause [24]

The pharmaceutical composition according to Clause 22 or 23 which is an orally ad-
ministered composition.

Clause [25]

An antitumor agent comprising the salt according to any one of Clauses 1 to 20, as an
active ingredient.

Clause [26]

A method of treating an LSD1-related disease or disorder in a patient in need, the
method comprising administering an effective amount of any one of Clauses 1 to 20 to
the patient.

Clause [27]

The salt compound according to any one of Clauses 1 to 20 for use in preventing
and/or treating an LSD1-related disease or disorder.

Clause [28]

Use of the salt according to any one of Clauses 1 to 20 in the manufacture of an
antitumor agent.

Clause [29]

A production method of a benzoic acid salt of
4-[5-[(3S)-3-aminopyrrolidine-1-carbonyl]-2-[ 2-fluoro-4-(2-hydroxy-2-methyl-propyl)
phenyl]phenyl]-2-fluoro-benzonitrile, the method comprising:

reacting
4-[5-[(3S)-3-aminopyrrolidine-1-carbonyl]-2-[ 2-fluoro-4-(2-hydroxy-2-methyl-propyl)
phenyl]phenyl]-2-fluoro-benzonitrile with a benzoic acid.

Clause [30]

A production method of a crystal of benzoic acid salt of
4-[5-[(3S)-3-aminopyrrolidine-1-carbonyl]-2-[ 2-fluoro-4-(2-hydroxy-2-methyl-propyl)
phenyl]phenyl]-2-fluoro-benzonitrile, the method comprising:

mixing
4-[5-[(3S)-3-aminopyrrolidine-1-carbonyl]-2-[2-fluoro-4-(2-hydroxy-2-methyl-propyl)

phenyl]phenyl]-2-fluoro-benzonitrile with a benzoic acid in a solvent, and
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isolating the resultant benzoic acid salt of
4-[5-[(3S)-3-aminopyrrolidine-1-carbonyl]-2-[ 2-fluoro-4-(2-hydroxy-2-methyl-propyl)
phenyl]phenyl]-2-fluoro-benzonitrile in a crystalline form.

Clause [31]

The production method according to Clause 30, wherein the solvent comprises hy-
drocarbon, an ester, ketone, alcohol, acetonitrile, tetrahydrofurane, a mixture of any of
the said solvents, or a mixture of one or more of the said solvents and water.

Clause [32]

A production method of a sorbic acid salt of
4-[5-[(3S)-3-aminopyrrolidine-1-carbonyl]-2-[ 2-fluoro-4-(2-hydroxy-2-methyl-propyl)
phenyl]phenyl]-2-fluoro-benzonitrile, the method comprising:

reacting
4-[5-[(35)-3-aminopyrrolidine- 1-carbonyl]-2-[ 2-fluoro-4-(2-hydroxy-2-methyl-propyl)
phenyl]phenyl]-2-fluoro-benzonitrile with a sorbic acid.

Clause [33]

A production method of a crystal of sorbic acid salt of
4-[5-[(3S)-3-aminopyrrolidine-1-carbonyl]-2-[2-fluoro-4-(2-hydroxy-2-methyl-propyl)
phenyl]phenyl]-2-fluoro-benzonitrile, the method comprising:

mixing
4-[5-[(3S)-3-aminopyrrolidine-1-carbonyl]-2-[ 2-fluoro-4-(2-hydroxy-2-methyl-propyl)
phenyl]phenyl]-2-fluoro-benzonitrile with sorbic acid in a solvent, and

isolating the resultant sorbic acid salt of
4-[5-[(3S)-3-aminopyrrolidine-1-carbonyl]-2-[ 2-fluoro-4-(2-hydroxy-2-methyl-propyl)
phenyl]phenyl]-2-fluoro-benzonitrile in a crystalline form.

Clause [34]

The production method according to Clause 33, wherein the solvent comprises hy-
drocarbon, an ester, ketone, alcohol, acetonitrile, tetrahydrofurane, a mixture of any of
the said solvents, or a mixture of one or more of the said solvents and water.

EXAMPLES

The disclosure will now be illustrated, but not limited, by reference to the specific
embodiments described in the following examples.

1. Powder X-Ray Diffraction Measurement

The powder X-ray diffraction was measured in accordance with the following test
conditions, after a test substance is lightly pulverized as needed in an agate mortar.

Device: EMPYREAN, Malvern PANalytical

Reflection method (focusing method)

Target: Cu

X-ray tube current: 40 mA
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X-ray tube voltage: 45 kV
Scanning area: 20 = 5.0 to 40.0°
Step size: 20 = 0.0131°
Scanning speed: 0.0015/sec.
Divergence Slit: 1°

Scattering Slit: 2.0 mm

Light receiving slit: 8.0 mm

Handling of the devices including data processing was based on the method and the
process indicated in each device.

Numerical values obtained from various spectrums may slightly fluctuate according
to direction of crystal growth, size of particles, or condition of measurement thereof.
Therefore, those numerical values should not be strictly interpreted.

2. Differential Scanning Calorie Measurement (DSC Measurement)

DSC measurement was measured in accordance with the following test conditions.

Device: DSC1 STAR System, SETTLER TOLEDO

Sample: About 1 mg (except for 0.5 mg for the L-tartaric acid salt)

Sample container: Aluminum made

Temperature rising scope: from 25 °C to 300 °C

Temperature rising speed: 10°C./min.

Atmospheric gas: Nitrogen

Flow rate of nitrogen gas: 30 mL/min.

Handling of the devices including data processing was based on the method and the
process indicated in each device.

Production Example 1: Preparation of
4-[5-[(3S)-3-aminopyrrolidine-1-carbonyl]-2-[ 2-fluoro-4-(2-hydroxy-2-methyl-propyl)
phenyl]phenyl]-2-fluoro-benzonitrile (Compound A)

The Compound A was prepared by the method for the synthetization of Example
compound 37 described in PCT Publication No. WO2017/090756.

Production Example 2: Synthesis of a crystal of a benzoic acid salt of Compound A
260 mg of benzoic acid was dissolved in 26 mL of methyl isobutyl ketone and the
mixture was added to 1000 mg of the Compound A obtained according to the method
of Production Example 1. The suspension was stirred for approximately 16.5 hours at
room temperature, filtered, and the solid was collected and dried to yield 845.2 mg of

the titled crystal (yield: 67%).

Powder X-ray diffraction, differential scanning calorie (DSC) measurement and
moisture absorption/desorption test were carried out with respect to the obtained
crystal.

FIG. 1 is powder X -ray diffraction spectrum of the crystal of the benzoic acid salt of
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Compound A. FIG. 2 is a differential scanning calorie (DSC) curve of the crystal of the
benzoic acid salt of Compound A.

In FIG. 1, the crystal of the benzoic acid salt of Compound A had characteristic
peaks at diffraction angles (20+0.2°) of 15.3°, 16.2°, 17.8°, 21.4° and 25.5%n the
powder X-ray diffraction spectrum. The molar ratio of the compound A to benzoic acid
in the product was 1:1.

In FIG. 2, the crystal has a peak temperature in a differential scanning calorie (DSC)
curve with an endothermic peak in the vicinity of 193°C.

Production Example 3: Synthesis of a crystal of a free form (free base) of Compound
A

4 mL of diisopropyl ether was added to 400 mg of the Compound A obtained
according to the method of Production Example 1. The suspention was stirred
overnight at 50°C, filtered, and the solid was collected and dried to yield 310 mg of the
titled crystal (yield: 78%).

Powder X-ray diffraction, differential scanning calorie (DSC) measurement and
moisture absorption/desorption test were carried out with respect to the obtained
crystal

FIG. 4 is powder X-ray diffraction spectrum of the crystal of the free form Form C of
Compound A. The crystal of the free form Form C is the most thermodynamically
stable crystal form among the crystals of the free form of Compound A. FIG. 5 is a dif-
ferential scanning calorie (DSC) curve of the crystal of the free form Form C of
Compound A.

In FIG. 4, the crystal of the free form of Compound A had characteristic peaks at
diffraction angles (20+0.2°) of 5.9°, 7.5°, 10.4°, 14.8°, 19.7° and 22.0°in the powder
X-ray diffraction spectrum.

In FIG. 5, the crystal has a peak temperature in a differential scanning calorie (DSC)
curve with an endothermic peak in the vicinity of 138°C.

Production Example 4: Synthesis of a crystal of a succinic acid salt of Compound A

240 mg of succinic acid and 15 mL of acetonitrile were added to 600 mg of the
crystal of free form Form C (i.e., free base) of Compound A obtained according to the
method of Production Example 3. The suspension was stirred about two hours at 50°C,
filtered, and the solid was collected and dried to yield 634 mg of the titled crystal
(yield: 85%).

Powder X-ray diffraction, differential scanning calorie (DSC) measurement and
moisture absorption/desorption test were carried out with respect to the obtained
crystal

FIG. 7 is powder X-ray diffraction spectrum of the crystal of the succinic acid salt of
Compound A. FIG. 8 is a differential scanning calorie (DSC) curve of the crystal of the
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succinic acid salt of Compound A.

In FIG. 7, the crystal of the succinic acid salt of Compound A had characteristic
peaks at diffraction angles (20+0.2°) of 6.3°,12.4°, 18.0°, 21.1°, 22.2° and 24.8 in the
powder X-ray diffraction spectrum.

In FIG. 8, the crystal has a peak temperature in a differential scanning calorie (DSC)
curve with an endothermic peak in the vicinity of 164°C.

Production Example 5: Synthesis of a crystal of a L-tartaric acid salt of Compound A

165 mg of L-tartaric acid and 25 mL of methanol were added to 500 mg of the
Compound A obtained according to the method of Production Example 1. The
suspention was stirred for approximately 100 minutes at 50°C, for approximately 100
minutes at 40°C and for approximately 19 hours and half at 25°C in this order, filtered,
and the solid was collected and dried to yield 166 mg of the titled crystal (yield: 25%).

Powder X-ray diffraction, differential scanning calorie (DSC) measurement and
moisture absorption/desorption test were carried out with respect to the obtained
crystal

FIG. 10 is powder X-ray diffraction spectrum of the crystal of the L-tartaric acid salt
of Compound A. FIG. 11 is a differential scanning calorie (DSC) curve of the crystal
of the L-tartaric acid salt of Compound A.

In FIG. 10, the crystal of the succinic acid salt of Compound A had characteristic
peaks at diffraction angles (20+0.2°) of 6.3°,11.8°, 12.6°, 18.8%and 19.6° in the powder
X-ray diffraction spectrum.

In FIG. 11, the crystal has a peak temperature in a differential scanning calorie
(DSC) curve with an endothermic peak in the vicinity of 215°C.

Production Example 6: Synthesis of a crystal of a sorbic acid salt of Compound A

70.5 mg of sorbic acid and 7.5 mL of ethyl acetate were added to 300 mg of the
Compound A obtained according to the method of Production Example 1. The
suspention was stirred for approximately 90 minutes at 50°C, filtered, and the solid
was collected and dried to yield 167 mg of the titled crystal (yield: 45%).

Powder X-ray diffraction, differential scanning calorie (DSC) measurement and
moisture absorption/desorption test were carried out with respect to the obtained
crystal

FIG. 13 is powder X-ray diffraction spectrum of the crystal of the sorbic acid salt of
Compound A. FIG. 14 is a differential scanning calorie (DSC) curve of the crystal of
the sorbic acid salt of Compound A.

In FIG. 13, the crystal of the sorbic acid salt of Compound A had characteristic peaks
at diffraction angles (20+0.2°) of 5.5°,10.9°, 16.2°, 17.2°, 20.3° and 24.4° in the
powder X-ray diffraction spectrum.

In FIG. 14, the crystal has a peak temperature in a differential scanning calorie
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[0151]

[0152]

[0153]

[0154]

(DSC) curve with an endothermic peak in the vicinity of 147°C.

Test Example 1

Moisture Absorption/Desorption Test

Moisture absorption/desorption test was carried out on the follwing test
conditions. A dedicated quartz holder was filled with about 10 mg of sample, and a
weight of the sample at each humidity was measured and recorded in a continuous
manner under the following conditions. Handling of the devices including data
processing was based on the method and the process indicated in each device.

Device: VTI SA+ (manufactured by TA Instruments Inc.)

Drying temperature: 60°C.

Temperature rising speed: 1°C./min.

Equilibrium in drying: It is confirmed that no reduction of 0.01 wt % occurs in 5
minutes, in a range not exceeding 300 minutes.

Temperature for measurement: 25°C.

Equilibrium in humidification: It is confirmed that no increase of 0.01 wt % occurs in
S minutes, in a range not exceeding 120 minutes.

Relative humidity program: Raised by 5% RH from 5% RH to 95% RH, and lowered
by 5% RH from 95% RH to 5% RH.

FIG. 3, FIG. 6, FIG.9, FIG. 12 and FIG.15 are moisture absorption/desorption
isothermal curves of the crystal of the benzoic acid salt of Compound A produced in
Product Example 2, the free form of Compound A produced in Product Example 3, the
succinic acid salt of Compound A produced in Product Example 4, the L-tartaric acid
salt of Compound A produced in Product Example 5 and the sorbic acid salt of
Compound A produced in Product Example 6, respectively.

As can be seen in Fig. 6, when the free form of Compound A was humidified at a
relative humidity of from 5 to 95% which is within the range of the measurement
condition, the weight change thereof was about +5.6% w/w at a maximum. When the
humidity was lowered from the relative humidity of 95%, Compound A almost
returned to the original condition. That is, it was found that the free form of Compound
A had the characteristic of channel hydrate which would absorb/desorb moisture
depending on humidity.

In contrast, the weight change of the benzoic acid salt of Compound A was +0.7% w/
w at maximum. The weight change of the sorbic acid salt of Compound A was +1.9%
w/w at maximum. Both of which returned to the original condition when a humidity
was lowered. Thus, it was confirmed that the benzoic acid salt of Compound A and the
sorbic acid salt of Compound A are less adsorptive and/or disorptive of moisture,
reducing the characteristic of channel hydrate.

The weight change of the L-tartaric acid salt of Compound A was +7.8% w/w.
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Solid Stability Test (Accelerated Test)

Solid stability was measured under the following conditions, with respect to the
benzoic acid salt of Compound A, the free form of Compound A, the sucinic acid salt
of Compound A and the sorbic acid salt of Compound A obtained in Product Examples
2 to 4 and 6, when they were stored for 4 weeks at 60°C/ambient humidity (sealed
condition).

Storage amount: about 25 to 50 mg

Storage container: Brown glass container

Method of preparing sample solution: Sample was dissolved in 50% acetonitrile such
that a concentration of the sample would be 0.5 mg/mL.

Mass of analogous substance in the sample solution was measured by HPLC
analysis. Handling of the devices including data processing was based on the method
and the process indicated in each device. (Device: Shimadzu Corporation Prominence-
1) The analogous substance refers to one or more substances that are detected other
than the starting substance (Compound A or the salt thereof) in each sample solution.

Column: Zorbax Eclipse Plus C18 (4.6 x 150mm, 3.5 pm, manufactured by Agilent
technology)

UV detection: 220 nm

Column temperature: 40 °C.

Column flow rate: 1.0 mL/min

Amount of injection: 5 uL.

Temperature of sample cooler: 5 °C

Concentration of sample: 0.5 mg/mL

Mobile phase A: 10 mmol/L phosphate buffer (pH 6.5): Acetonitrile mixed solution
9:1)

Mobile phase B: Acetonitrile

Gradient: The mixture ratio of the mobile phase A and the mobile phase B was
adjusted as in TABLE 1.



25

WO 2021/095835 PCT/JP2020/042383
[Table 1]
TABLE 1
Time Mobile phase A Mobile phase B
(min) (vol %) (vol %)
0-85 90 to 55 10 to 45
85-155 551050 451050
15.5-23 50to 33 50 to 67
23-34 33 67
34-35 331090 67 to 10
35-45 90 10

[0163] TABLE 2 shows the results of evaluation on the measured mass of analogous

substance before the storage and 4 weeks after the storage at 60°C on sealed condition.
[0164]
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[Table 2]
TABLE 2
4 weeks after
Before storage storage at 60°C on Variation
X) % sealed condition Y)-X) %
(Y) %
Purity of benzoic acid salt of
Compound A 97.93 98.06 +0.13
(%)
Total mass of analogous
substance of benzoic acid salt 2.07 1.94 -0.13
of Compound A (%)
Purity of free form of
Compound A 98.52 98.15 -0.37
(%)
Total mass of analogous
substance of free form of 1.48 1.85 +0.37
Compound A (%)
Purity of succinic acid salt of
Compound A 97.01 96.09 -0.92
(%)
Total mass of analogous
substance of succinic acid salt 2.99 391 +0.92
of Compound A (%)
Purity of sorbic acid salt of
Compound A 98.63 97.99 -0.64
(%)
Total mass of analogous
substance of sorbic acid salt of 1.37 2.01 +0.64
Compound A (%)

[0165]

[0166]

Surprisingly, it was found that purity of benzoic acid salt of Compound A was
maintained high compared to the other samples and almost no analogous substance
was generated. It was confirmed that the benzoic acid salt of Compound A especially
exhibits an excellent solid stability.

Test Example 3

In Pharmacokinetic (PK) studies in rats, AUC, C,,,, (uM) and T, (hr) of each of the
three drugs, i.e., free form of Compound A, the benzoic acid salt of Compound A and

the sorbic acid salts of Compound A, were calculated. Each drug was administered to
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the animal at at a dose of 32mg/Sml/kg. AUC of the free form of Compound A, the
benzoic acid salt of Compound A and the sorbic acid salts of Compound A were 16.04
uM hr, 16.13uM hr and 11.64 uM hr. C,,,, of the three compounds were 2.56 uM, 2.68
uM and 2.03 pM. T,,,, of the three compounds were 4.0 hr, 2.7hr, and 2.3. It was

revealed that the excellent drug adsorption was achieved even in the salt form.



