Description

Title of Invention: CYCLIC AMINE DERIVATIVE AND PHARMACEUTICAL USE
THEREOF

Technical Field
[0001]

The present invention relates to a cyclic amine derivative and pharmaceutical use

thereof.

Background Art
[0002]

Pain is an unpleasant sensory and emotional experience associated with actual or
potential tissue damage. Pain is classified according to cause into nociceptive pain,
neuropathic pain and psychogenic pain. As pain caused by an unknown cause, fibromyalgia
syndrome is known.

[0003]

The neuropathic pain is pathological pain caused by peripheral or central nervous
system dysfunction, more specifically, pain caused by e¢.g., direct damage and oppression of
the nerve tissue despite of no nociceptive stimulus to a nociceptor. As the therapeutic agent
for neuropathic pain, an anticonvulsanf, an antidepressant, an anxiolytic drug or an
antiepileptic drug (gabapentin, pregabalin or the like) is used.

[0004]

Fibromyalgia syndrome is a disorder in which systemic pain is the leading symptom
and neuropsychiatric and neurovegetative symptoms are the secondary symptoms. As the
therapeutic agents for fibromyalgia syndrome, pregabalin, which has been approved in the
United States and Japan, duloxetine and milnacipran, which have been approved in the United
States, are principally used. Also, drugs which are not approved as a therapeutic agent for

fibromyalgia syndromie, i.e., a nonsteroidal anti-inflammatory agent, an opioid compound, an
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antidepressant, an anticonvulsant and an antiepileptic drug are used. However, nonsteroidal
anti-inflammatory agents and opioid compounds are generally said to have a low therapeutic
effect (Non Patent Literature 1).

[0005]

Other than these, Patent Literature 1 discloses that substituted piperidines have a
cardiotonic activity. Patent Literature 2 discloses that imidazole derivatives have an FXa
inhibitory effect. Patent Literature 3 suggests that substituted piperidines have a potential
drug efficacy against overweight or obesity. Patent Literature 4 discloses that an imidazole

derivative has an analgesic action.

Citation List
Patent Literatures
[0006]
Patent Literature 1: French Patent 2567885
Patent Literature 2: JP Patent Publication (Kokai) No. 2006-008664
Patent Literature 3: International Publication WO 2003/031432
Patent Literature 4: International Publication WO 2013/147160
Non Patent Literature
[0007]
Non Patent Literature 1: Pain and Therapy, vol. 2, p. 87-104, 2013

Summary of Invention
Technical Problem
[0008]

However, the therapy with a conventional therapeutic agent for neuropathic pain is
highly frequently associated with central nervous system adverse effects (e.g., dizziness,
nausea or vomiting). To enable long-term administration, development of a novel therapeutic
agent for neuropathic pain has been desired.

[0009]



Even pregabalin, duloxetine and milnacipran, which have been approved as therapeutic
agents for fibromyalgia syndrome, fail to provide clinically satisfactory therapeutic effect
against flbromyalgia syndrome and their drug efficacy significantly varies among patients.
In the context, it has been strongly desired to develop a novel therapeutic agent for
fibromyalgia syndrome having a strong pharmacolagical activity and exerting a therapeutic
effect on a wide variety of patients.

[0010]

‘Note that, Patent Literature 1 suggests that the substituted piperidines described therein
have an efficacy for migraine and Patent Literature 4 discloses that the imidazole derivative
described therein has an analgesic action. However, neither disclosure of the compound
itself having an analgesic action and found by the present application nor suggestioil on the
relevancy of an analgesic action to a chemnical structure is provided. Patent Literature 2
which describes imidazole derivatives and Patent Literature 3 which describes substituted
piperidines neither disclose nor suggest potentiality of analgesic action that these compounds
have.
f0011]

In the circumstances, an object of the present invention. is to provide a compound
having an analgesic action for pain, in particular, neuropathic pain and/or fibromyalgia

syndrome,

Solution to Problem
[C012]

The present inventors intensively conducfed studies with a view to solving the
aforementioned problems. As a result, they found a cyclic amine derivative having a strong
analgesic effect against pain, in particular, neuropathic pain and/or fibromyalgia syndrome.
[0013]

More specifically, in one aspect, the present invention provides a cyclic amine. derivative
represented by the following general formula (I) or a pharmacologically acceptable salt thercof.

[Formula 1]
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wherein carbon marked with * is an asymmetric carbon, and A represents a group represented

by a general formula (ITa), (IIb) or (Ilc),
[Formula 2]
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wherein R' represents a methyl group or an ethyl group optionally substituted with a halogen
atom, R? represents a hydrogen atom or an alkylcarbonyl group having 2 to 5 carbon atoms,
each R® independently represents a methyl group or an ethyl group, and n represents 1 or 2.
[0014]

In the aforementioned cyclic amine derivative, it is preferable that A is a group
represented by the general formula (ITa), in which R' is more preferably a methyl group or an
ethyl group optionally substituted with a fluorine atom; and further preferably a methyl group,
an ethyl group, a difluoromethyl group or a 2,2,2-trifluoroethy! group. Analgesic action can
be enhanced by defining as mentioned above.

[0015]

In the above cyclic amine derivative, it is preferable that A is a group represented by
the general formula (IIb) or (Ilc), in which R! is more preferably a methyl group or an ethyl
group optionally substituted with a fluorine atom, and further preferably a methyl group, an
ethyl group, a difluoromethyl group or a 2,2,2-trifluoroethyl group. Analgesic action can be -
enhanced by defining as mentioned above.

[0016]
In the above cyclic amine derivative, it is preferable that A is a group represented by

the general formula (Ila) and that the stereochemical configuration of the asymmetric carbon
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marked with ¥ is S, in which R! is more preferably a methyl group or an ethyl group optionally
substituted with & fluorine atom and further preferably a methyl group, an ethyl group, a
diflnoromethyl group or a 2,2,2-trifluoroethyl group. Analgesic action can be further
enhanced by defining as mentioned above.

[0017]

‘The present disclosure also provides a medicine contaihing a cyclic amine derivative
tepresented by the above general formula (I}, or a pharmacologically acceptable salt thereof as
an active ingredient.

[0018]

The medicine is preferably an analgesic agent, and particularly preferably a therapeutic
agent for neuropathic pain or a therapeutic agent for fibromyalgia syndrome.
f0018a]

In another aspect, the present invention provides an agent comprising the cyelic amine
derivative or a pharmacologicslly acceptable salt thereof' as described herein for use as an
analgesic.

[0019]

The present disclosure also provides a pharmaceutical composition containing a cyclic
amine derivative represented by the above general formula (I} or a pharmacologically
acceptable salt thereof and e.g., a pharmacologically acceptable excipient.

[0020]

The present disclosure also- provides a ¢yclic amine derivative represented by the above
general formula (I) or a pharmacologically acceptable salt thereof for use as a medicine.
[0021]

The present disclosure also provides a cyclic amine derivative represented by the above
general formula (I) or a pharmacologically acceptable salt thereof for use in pain treatment.
The pain is preferably neuropathic pain or fibromyalgia syndrome.

[0022]



The present disclosure also provides use of a cyclic amine derivative represented by the
above general formula (I) or a pharmacologically acceptable salt thereof for treating pain.
The pain is preferably neuropathic pain or fibromyalgia syndrome.

[0023]
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The present disclosure also provides use of a cyclic amine derivative represented by the
above general formula (I) or a pharmacologically acceptable salt thereof in producing a
medicine for treating pain. The pain is preferably neuropathic pain or fibromyalgia syndrome.
[0023a]

In yet another aspect, the present invention provides use of the cyclic amine derivative
or a pharmacologically acceptable salt thereof as deseribed herein in the manufacture. of a.
medicament for treating neuropathic pain. In yet another aspect, the present invention provides
use of the cyclic amine derivative or a pharmacologically acceptable salt thereof as described
herein in the manufacture of a medicament for treating fibromyalgia syndrome.
[0024]

The present disclosure also provides a method for treating pain including administering
a therapeutically effective amount of a cyclic amine detivative represented by the above
general formula (I) or a pharmacologically acceptabie salt thereof to a patient in need thereof.

The pain is preferably neuropathic pain or fibromyalgia syndrome.

Advantageous Effects of Invention
[0025]

The cyclic amine derivative of the present invention or a pharmacologically acceptable
salt thereof has a sfrong analgesic effect against pain, in patticular, neuropathic pain and

fibromyalgia syndrome.

Brief Description of Drawings

[0026]

[Figure 1] Figure 1 is & graph showing the effect of the compound of Example 1 in a mouse
partial sciafic nerve ligation mode] (oral administration).

[Figure 2] Figure 2 is a graph showing the effect of the compound of Example 2 in a mouse

partial sciatic nerve ligation model (oral administration).



[Figure 3] Figure 3 is a graph showing the effect of the compound of Example 3 in a mouse
partial sciatic nerve ligation model {oral administration).
[Figure 4] Figure 4 is a graph showing the effect of the compound of Example 4 in a mouse
-partial sciatic nerve ligation model (oral administration).
[Figure 5] Figure 5 is a graph showing the effect of the compound of Fxample 5 in a mouse
partial sciatic nerve ligation model {oral administration),
[Figure 6] Figure 6 is a graph showing the effect of the compound of Example 7 in a mouse

partial sciatic nerve ligation model (oral administration).
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[Figure 7] Figure 7 is a graph showing the effect of the compound of Example 8 in a mouse
partial sciatic nerve ligation model (oral administration).

[Figure 8] Figure 8-is a graph showing the effect of the compound of Example 9 in a mouse
partial sciatic nerve ligation model (oral administration).

[Figure 9] Figure 9 is a graph showing the effect of the compound of Example 10 in a mouse
partial sciatic nerve ligation model (oral administration).

[Figure 10] Figure 10 is a graph showing the effect of the compound of Example 11 in a
mouse partial sciatic nerve ligation model (oral administration).

[Figure 11] Figure 11 is a graph showing the effect of the compound of Example 12 in a
mouse partial sciatic nerve ligation model (oral administration).

[Figure 12] Figure 12 is a graph showing the effect of the compound of Example 13 in a
mouse partial sciatic nerve ligation model (oral administration).

[Figure 13] Figure 13 is a graph showing the effect of the compound of Example 11 in a rat
fibromyalgia model (oral administration).

[Figure 14] Figure 14 is a graph showing the effect of the compound of Comparative Example
1 in a mouse partial sciatic nerve ligation model in comparison with the effect of the
compound of Example 11 shown in Figure 10 (oral administration).

[Figure 15] Figure 15 is a graph showing the effects of the compounds of Comparative
Examples 3 to 6 in a mouse partial sciatic nerve ligation model in comparison with the effect
of the compound of Example 11 shown in Figure 10 (oral administration).

[Figure 16] Figure 16 is a graph showing the effect of the compound of Comparative Example
1 in a rat fibromyalgia models in comparison with the effect of the compound of Example 11
shown in Figure 13 {oral administration).

[Figure 17] Figure 17 is a graph showing the plasma concentration-time curves of the
compound of Example 11 in cyromolgus monkeys (intravenous administration and oral
administration),

[Figure 18] Figure 18 is a graph showing the plasma concentration-time curves of the
compound of Comparative Example 2 in cynomolgus monkeys (intravenous administration

and oral administration).



Description of Embodiments
[0027]

The following terms used in the specification are, unless otherwise specified, defined as
follows.
[0028]

It is characterized in that the cyclic amine derivative of the present invention is
represented by the following general formula (I).

[Formula 3]
RY
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wherein carbon marked with * is an asymmetric carbon, and A represents a group represented

‘by a general formula (Tla), (ITb} or (Ilc),
[Formula 4]
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wherein R' represents a methyl group or an ethyl group optionally substituted with a halogen
atom, R” represents a hydrogen atom or an alkylcarbonyl group having 2 to 5 carbon atoms,
each R? independently represents a methyl group or an ethyl group, and n represents 1 or 2,
[0029]

In the above cyclic amine derivative, it is preferable that A is a group represented by
the general formula (Ila); and R' is preferably a methyl group or an ethyl group optionally
substituted with a fluorine atom and more preferably a methyl group, an ethyl group, a
difluoromethyl group or a 2,2,2-trifluoroethyl group.

[0030]



In the above cyclic amine derivative, it is preferable that A is a group represented by
the general formula (ITb) or (Ilc), in which R! is preferably a methyl group or an ethyl group
optionally substituted with a fluorine atom; and more preferably a methyl group, an ethyl
group, a difluoromethyl group ora 2,2,2-trifluoroethyl group.

[0031]

In the above cyclic amine derivative, it is preferable that A is a group represented by
the general formula (Ila) and that the stereochemical configuration of the asymmetric carbon
marked with * is S, in which R! is preferably a methyl group or an ethyl group optionally
substituted with a fluorine atom; and more preferably a methyl group, an ethyl group, a
difluoromethyl group or a 2,2,2-triflucroethyl group.

[0032]

In an embodiment of the above cyclic amine derivative of the present invention, A is a
group represented by the general formula (I1a), R® represents a methyl group or-an ethyl group
optionally substituted with a fluorine atom, R? represents a hydrogen atom or an alkylcarbonyl
group having 2 to 5 carbon atoms and each R3 independently represents a methyl group or an
ethyl group. In this embodiment, it is preferable that the stereochemical configuration of the
asymmetric carbon marked with * is S,

[0033]

In an embodiment of the above cyclic amine derivative of the present invention, A is a
group represented by the general formula (Ila), R represents a methyl group, an ethyl group, a
difluoromethyl group or a 2,2,2-trifluoroethyl group, R* represents a hydrogen atom or an
alkylcarbonyl group having 2 to 5 carbon atoms and each R® independently represents a
methyl group or an ethyl group. In this embodiment, it is preferable that the stereochemical
configuration of the asymmetric carbon marked with * is S,

[0034]

In an embodiment of the above cyclic amine derivative of the present invention, A is a

group represented by the general formula (Ila), R' represents a methyl group or a 2,2,2-

trifluoroethyl group, R? represents a hydrogen atom or an alkylcarbonyl group having 2 carbon
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atoms and R’ represents a methyl group. In this embodiment, it is preferable that the
stereochemical configuration of the asymmetric carbon marked with * is S.
[0035]

In an embodiment of the above cyclic amine derivative of the present invention, A is a
group represented by the general formula (IIb), R! represents a methyl group or an ethyl group
optionally substituted with a fluorine atom, R* represents a hydrogen atom or an alkylcarbonyl
group having 2 to 5 carbon atoms, each R® independently represents a methyl group or an
ethyl group, and n represents 1 or 2. In this embodiment, it is preferable that the
stereochemical configuration of the asymmetric carbon marked with * is S.

[0036]

In an embodiment of the above cyclic amine derivative of the present invention, A is a
group represented by the general formula (IIb), R! represents a methyl group, an ethyl group, a
difluoromethyl group or a 2,2,2-trifluoroethyl group, R? represents a hydrogen atom or an
alkylcarbonyl group having 2 to 5 carbon atoms, each R independently represents a methyl
group or an ethyl group, and n represents 1 or 2.  In this embodiment, it is preferable that the
stereochémical configuration of the asymmeétric carbon marked with * is S.

[0037]

In an embodiment of the above cyclic amine derivative of the present invention, A is a
group represented by the general formula (IIb), R! represents a methyl group or a 2,2,2-
trifluorcethyl group, R? represents a hydrogen atom or an alkylcarbonyl group having 2 carbon
atoms, R’ represents a methyl group, and n represents 1 or 2. In this embodiment, it is
preferable that the stereochemical configuration of the asymmetric carbon marked with * is S.
[0038]

In an embodiment of the above cyclic amine derivative of the present invention, A is a
group represented by the general formula (TIc), R' represents a methyl group or an ethyl group
optionally substituted with a fluorine atom, R* represents a hydrogen atom or an alkylcarbonyl
group having 2 to 5 carbon atoms and R* represents a methyl group or an ethyl group. In this
embodiment, it is preferable that the stereochemical configuration of the asymmetric carbon

marked with ¥is S.
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[0039]

In an embodiment of the above cyclic amine derivative of the present invention, A is a
group represented by the generdl formula (Iic), R’ represents a methyl group, an ethyl group, a
difluoromethyl group or a 2,2,2-trifluoroethyl group, R? represents a hydrogen atom or an
alkylcarbonyl group having 2 to 5 carbon atoms and R? represents a methyl group or an ethyl
group. In this embodiment, it is preferable that the stereochemical configuration of the
asymmetric carbon marked with * is S,

[0040]

In an embodiment of the above cyclic amine derivative of the present invention, A is a
group represented by the general formula (Tfc), R' represents a methyl group or a 2,2,2-
trifluoroethyl group, R? represents a hydrogen atom or an alkylcarbonyl group having 2 carbon
atoms and R’ represents a methyl group. In this embodiment, it is preferable that the
stereochemical configuration of the asymmetric carbon marked with * is S.

[0041]

The "halogen atom" refers to a fluorine atom, a chlorine atom, a bromine atom or an
iodine atom.
[0042]

The "methyl group or an ethyl group optionally substituted with a halogen atom" refers
to a methyl group or an ethyl group in which hydrogen atoms are each independently and
optionally substituted with a halogen atom as mentioned above. For example, a methyl
group or an ethyl group, or a difluoromethyl group, a 2-fluorocthyl group, a 2-chloroethyl
group, a 2,2-difluoroethyl group or a 2,2,2-trifluoroethyl group ¢an be mentioned.
f0043]

The "alkylcarbonyl group having 2 to 5 carbon atoms" refers to a group obtained by
binding a linear, branched or cyclic saturated hydrocarbon group having 1 to 4 carbon atoms to
a carbonyl group. For example, an acetyl group, a n-propionyl group, a n-butyryl group, an
isobutyryl group or a valeryl group can be mentioned.

[0044]
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Specific examples of a preferable compound as a cyclic amine derivative represented

by the above general formula (I) (hereinafter referred to as a cyclic amine derivative (I)) will

be.shown in Table 1-1 and Table 1-2; however, the present invention is not limited to these.

[0045]
[Table t-1]
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[0046]

[Table 1-2]
Structural formula Structural formula Structural formula
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[0047]

Note that, when the cyclic amine derivative (I) has isomers such as enantiomers and
stereoisomers, any one of isomers and mixtures of them are included in the cyclic amine
derivative (I). In addition, when conformational isomers are sometimes formed, such
isomers and mixtures of these are included in the cyclic amine derivative (I). A desired
isomer can be obfained by a known method or a similar method thereto. For example, when
an enantiomer of a cyclic amine derivative (I) is present, the enantiomer separated from the
cyclic amine derivative (I} is included in the cyclic amine derivative (1),

[0048]

A desired enantiomer can be obtained by a known means (for example, an optically
aclive synthetic intermediate is used or a final-product racemic mixture is subjected to a
known method or a similar method thereto (for example, optical resolution)).

[0049]

- A prodrug or a pharmacologically acceptable salt of a cyclic amine derivative (T) is also
included in the present invention. The prodrug of a cyclic amine derivative (I) refers to a
compound, which is enzymatically or chemically converted to the cyclic amine derivative (I)
in vivo. The active form of a prodrug of a cyclic amine derivative (I) is the cyclic amine
derivative (I); however a prodrug of the cyclic amine derivative () itself may have activity.
[0050]

As the prodrug of a cyclic amine derivative (I), for example, a compound obtained by
alkylation, phosphorylation or boration of a hydroxyl group of the cyclic amine derivative (I)
can be mentioned. These compounds can be each synthesized from a cyclic amine derivative
(1) in accordance with a known method.

[0051]

A prodrug of a cyclic amine derivative (I} may be converted into the cyclic amine
derivative (I) in physiological conditions described in known literatures ("Development of
pharmaceutical products”, Hirokawa-Shoten Ltd., vol. 7, p. 163 to 198, 1990, and Progress in
Medicine, vol. 5, p. 2157 to 2161, 1985),
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[0052]

A cyclic amine derivative (I) may be labeled with an isotope. Examples of the
radioisotope for use in labeling include *H, *H, °C, He, PN, 0, B0 and/or 2L,
[0053]

As the pharmacologically acceptable salt of a cyclic amine derivative (I}, for example,
an inorganic salt such as a hydrochloride, a sulfate, a phosphate or a hydrobromide; or an
organic salt such as an oxalate, a malonate, a citrate, a fumarate, a lactate, a malate, a succinate,
a tartrate, an acetate, a trifluoroacetate, a maleate, a gluconate, a benzoate, a salicylate, a
xinafoate, a pamoate, an ascorbate, an adipate, a methanesulfonate, a p-toluenesulfonate or a
cinnamate, These salts may be present in the form of a hydrate, a solvate or a crystalline
polymorph. |
[0054]

A cyclic amine derivative (I) can be synthesized by the production methods that will be
described below. Note that, the cyclic amine derivatives (I) obtained by the following
production methods each can be isolated/purified by a known means (for example, solvent
extraction, recrystallization and/or chromatography) and converted into desired salts by known
methods or a similar method thereto. When a cyclic amine derivative (I) is obtained in the
form of a salt, it can be converted into a cyclic amine derivative (I) or another desired salt by a
known method or a similar method thereto.

[0055]

In individual reactions of the production methods that will be described below, when a
starting compound has a hydroxyl group, an amino group or a carboxyl group, a protective
group may be introduced in these groups. A desired compound can be obtained by removing
the protective group if necessary after the reaction.

[0056]

As the protective group of a hydroxyl group, for example, a trityl group, an aralkyl
group having 7 to 10 carbon atoms (e.g., benzyl group) or a substituted silyl group {e.g.,
trimethylsilyl group, triethylsilyl group or teft;butyldimethylsilyl group) can be mentioned.
[0057]
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As the protective group of an amino group, for example, an alkylcarbonyl group having
2 to 6 carbon atoms (for example, acetyl group), a benzoyl group, an alkyloxycarbonyl group
having 2 to 8 carbon atoms (for example, tert-butoxycarbonyl group or benzyloxycarbonyl
group), an aralkyl group having 7 to 10 carbon atoms (for example, benzyl group) or a
phthaloyl group can be mentioned.

[0058]

As the protective group of a carboxyl group, for example, an alkyl group having 1 to 6
carbon atoms (e:g., methyl group, ethyl group or tert-butyl group) or an aralkyl group having 7
to 10 carbon atoms (for example, benzyl group) can be mentioned.

[0059]

Removal of a protective group, which varies depending upon the type of protective
group, can be performed in accordance with a known method (for example, Greene, T. W,
"Greene's Protective Groups in Organic Synthesis”, Wiley-Interscience) or a similar method
thercto.

[0060]
1. Production of compound (Ta):

1-1. Production method for compound (la-a):

[Formula 5]
R3 Aldol R?
rll R1\N condensation Ill R!
i~ N } 3 reaction r3” \Cl N’\>_
N.__CHj \(LN NNN
T 5 Step 1
O o O"R2
(1114) (IV) (Ia—a)

wherein individual reference symbols are the same as defined above.
[0061]

(Step 1)

A compound (la-a), which is a cyclic amine derivative (I) wherein A is a group
represented by the general formula (Ila) can be obtained, for example, by the aldol

condensation reaction of a compound (IITA) and a compound (TV) in the presence of a base.
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[0062]

As the compound (IIIA) and compound (IV) to be used in the aldol condensation
reaction, commercially available compounds can be directly used; however, they can be
synthesized, for example, in accordance with the production methods that will be described
below.

[0063]

As the base to be used in the aldol condensation reaction, for example, lithium
diisopropylamide, potassium tert-butoxide, sodium hydride, phenyl lithium or tert-butyl
lithium can be mentioned.

[0064]

The amount of the base to be used in the aldol condensation reaction is preferably 0.5
to 10 moles relative to 1 mol of a compound (IIIA) and more preferably 0.8 to 5 moles.
[0065]

The amount of the compound (IV) to be used in the aldol condensation reaction is
preferably 0.5 to 3 moles relative to I mole of a compound (ITTA) and more preferably 0.8 to
1.5 moles.

[0066]

The aldol condensation reaction is generally performed in a solvent. A solvent which
does not inhibit the reaction is appropriately selected. As the solvent, for example, a
halogenated hydrocarbon such as dichloromethane, chloroform or 1,2-dichloroethane; or an
ether such as tetrahydrofuran or 1.4-dioxane can be mentioned. A mixed solvent of these
may be used.

[0067]

In the aldol condensation reaction, the reaction temperature is preferably -78°C to
100°C and more preferably -78°C to 5¢°C.
[0068]

In the aldol condensation reaction, the reaction time, which varies depending upon the
reaction conditions, is preferably 5 minutes to 48 hours, and more preferably 30 minutes to 24

hours,
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[0069]

1-2. Production methed for compounds (Ia-b) and (Ta-c):

[Formula 6]
RB
N R!
R3/ \O \N’$ Reduction reaction
e
0 O Step 3
(VA)
R3 Aldol R
| R! condensation fl\l Rr?
_N N7 reaction 37 *N
R3 + H = —_ R ,\>
N._ _CHs N N =N
\n/ 5 Step 2
(o] o 0. R2a
(IT114) {1rv) {(Ia—h)
Acylation Step 4
reaction

R3
i ;
N R
R \O\I B
T(\!/LN

(Ia—c)

wherein R* represents a hydrogen atom, R? represents an alkylcarbonyl group having 2 to 5
carbon atoms, and other reference symbols are the same as defined above.
{0070]

(Step 2)

A compound (Ia-b), which is a cyclic amine derivative (I} wherein A is a group
represented by the general formula (lla) and R* is a hydrogen atom, can be obtained, for
example, by the aldo! condensation reaction between the compound (IITA) and the compound

(IV) in the presence of a base.
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[0071]

As the compound (II[A) and compound (IV) to be used in the aldol condensation
reaction, commercially available compounds can be directly used; however, they can be
synthesized, for example, in accordance with the production methods that will be described
below.

{0072]

As the base to be used in the aldol condensation reaction, for example, lithinm
diisopropylamide, potassium teri-butoxide, sodium hydride, phenyl lithium or tert-butyl
lithium can be mentioned.

[0073]

The amount of the base to be used in the aldol condensation reaction is preferably 0.5
to 10 moles relative to 1 mole of a. compound (IIIA) and more preferably 0.8 to 5 moles.
[0074]

The amount of the compound (IV) to be used in the aldol condensation reaction is
preferably 0.5 to 3 moles relative to 1 mole of a compound (IIIA) and more preferably 0.8 to
1.5 moles.

[0075]

The aldol condensation reaction is generally performed in a solvent. A solvent which
does not inhibit the reaction is appropriately selected. As the solvent, for example, a
‘halogenated hydrocarbon such as dichloromethane, chloroform or 1,2-dichloroethane; or an
ether such as tetrahydrofuran or 1,4-dioxane can be mentioned. A mixed solvent of these
may be used.

[0076]

The reaction temperature of the aldol condensation reaction is preferably -78°C to
100°C and more preferably -78°C to 50°C.
[0077]

The reaction time of the aldol condensation reaction, which varies depending upon the
reaction conditions, is preferably 5 minutes to 48 hours and more preferably 30 minutes to 24

hours,
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[0078]

(Step 3)

A compound (Ia-b), which is a cyclic amine derivative (I) wherein A is a group
represented by the general formula (fTa) and R? is a hydrogen atom, can be obtained by
reduction reacticn of a compound {VA).

[0079]

The compound (VA) to be used in the reduction reaction can be synthesized, for
example, in accordance with the production method that will be described below.
[0080]

As the reducing agent to be used in the reduction reaction, for example, lithium
borohydride, sodium borohydride, diisobutylaluminum hydride, lithium aluminum hydride,
lithium triethyl hydride, sodium bis(2-methoxyethoxy)aluminum hydride or a borane complex
can be mentioned.

[0081]

The amount of the reducing agent to be used in the reduction reaction is preferably 0.5
to 10 moles relative to 1 mole of the compound (VA) and more preferably 0.8 to 5 moles.
[0082]

The reduction reaction is generally carried out in a solvent. A solvent which does not
inhibit the reaction is appropriately selected. As the solvent, for example, a hydrocarbon
such as octane, hexane, benzene or toluene; an ether such as tetrahydrofuran, 1,4-dioxane,
ethylene glycol dimethyl ether or diethyl ether; or an alcohol such as methanol, ethanol or 2-
propanol, can be mentioned. A mixed solvent of these may be used.

[0083]

In the reduction reaction, the reaction temperature is preferably -78°C to 150°C and
more preferably -78°C to 100°C.
[0084]

In the reduction reaction, the reaction time, which varies depending upon the reaction
conditions, is preferably 5 minutes to 72 hours, and more preferably 30 minutes to 24 hours,

[0085]
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(Step 4)

A compound (Ia-¢), which is a cyclic amine derivative (I) wherein A is a group
represented by the general formula (IIa) and R” is an alkylcarbonyl group having 2 to 5 carbon
atoms, can be obtained, for example, by the acylation reaction of a compound (la-b) using an
acylating agent such as a halide of a carboxylic acid having 2 to 5 carbon atoms or an acid
anhydride of a carboxylic acid having 2 to 5 carbon atoms in the presence of a base.

[0086]

In the acylation reaction, a compound (Ta-b) and a salt thereof can be used.  As the salt
herein, for example, the same salt as a pharmacologically acceptable salt as mentioned above
can be mentioned.

[0087]

As the base to be used in the acylation reaction, for example, pyridine, triethylamine,
diisopropylethylamine or N,N-dimethylaminopyridine can be mentioned.
[0088]

The amount of the base to be used in the acylation reaction is preferably 0.5 to 10
moles relative to 1 mole of a compound (Ia-b) and more preferably 0.8 to 5 moles.
[0089]

As the acylating agent to be used in the acylation reaction, a commereially available
compound can be directly used.
[0090]

The amount of the acylating agent to be used in the acylation reaction is preferably 0.5
to 10 moles relative to 1 mole of the compound (Ta-b) and more preferably 0.8 to 5 moles.
[0091]

The acylation reaction is generally performed in a solvent. A solvent which does not
inhibit the reaction is appropriately selected. As the solvent, for example, an aromatic amine
such as pyridine; a halogenated hydrocarbon such as dichloromethane, chloroform or 1,2-
dichloroethane; an ether such as tetrahydrofuran or 1,4-dioxane; or an aliphatic nitrile such as

acetonitrile or propionitrile can be mentioned. A mixed solvent of these may be used.
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When an aromatic amine such as pyridine is selected as the solvent, an acylation reaction can
be performed in the absence of a base.
[0092]

The reaction temperature of the acylation reaction is preferably -40°C to 100°C and
more preferably -20°C to 80°C.
[0093]

The reaction time of the acylation reaction, which varies depending upon the reaction
conditions, is preferably 5 minutes to 72 hours and more preferably 30 minutes to 24 hours.
[0094]

1-3. Salt formation steps of compounds (Ia-a), (Ia-b) and (la-c):

Pharmacologically acceptable salts of compounds (la-a), (Ia-b) and (Ia-c) can be
obtained, for example, by salt formation reactions of the compound (Ta-a), (Ia-b) or (Ia-c) with
an acid,

[0095]

As the acid to be used for a salt formation reaction, for example, an inorganic acid such
as hydrochloric acid, sulfuric acid, phosphoric acid or hydrobromic acid; or an organic acid
such as oxalic acid, malonic acid, citric acid, fumaric acid, lactic acid, malic acid, succinic acid,
tartaric acid, acetic acid, trifluoroacetic acid, maleic acid, gluconic acid, benzoic acid, salicylic
acid, xinafoic acid, pamoic acid, ascorbic acid, adipic acid, methanesulfonic acid, p-
toluenesulfonic acid or cinnamic acid can be mentioned.

[0096]

A salt formation reaction is generally performed in a solvent. A solvent which does
not inhibit the reaction is appropriately selected. As: the solvent, for example, an aliphatic
alcohol such as methanol, ethanol or 2-propanol; an ether such as diethyl ether,
tetrahydrofuran, 1.4-dioxane or ethylene glycol dimethyl ether; an amide such as N,N-
dimethylformamide or N-methylpyrrolidone; a sulfoxide such as dimethyl sulfoxide; an
aliphatic nitrile such as acetonitrile or propionitrile; a ketone such as acetone or 2-butanone; an
ester such as ethyl acetate, methyl acetate or n-butyl acetate; or water can be mentioned. A

mixture of these solvents may be used.
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[0097]
2. Production of compound (IIIA):

[Formula 7]
Reductive amination R3
O . Rr3 reaction I
+ i _ N
(VIA) (VITA) (VIIIA)
Reductive amination )
raaction Step & Deprotection Step 7
R3
N R
R - Acetylation reaction N
N. _CHs - R®
i Step 8 NH
0
(I 171A) (ITa—a)

wherein PG represents a protective group and other reference symbols are the same as defined
above.
[0098]

(Step 5)

A compound (IIIA) can be obtained by the reductive amination reaction between a
compound (VIA) in which PG is an acetyl group and a compound (VIIA).
[0099]

As the compound (VIA) and compound (VITIA) to be nsed in the reductive amination
reaction, commercially available compounds can be directly used.
[0100]

The reductive amination reaction can be performed by a known method (for example,
Journal of Organic Chemistry, vol. 68, p. 770-779, 2003) or a similar method thereto,
[0101]

(Step 6)
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A compound (VIIIA) can be obtained by the reductive amination reaction between a
compound {VIA) and a compound (VIIA).
[0102]

As the compound (VIA) and the compound (VIIA) to be used as the reductive
amination reaction, a commercially available compound can be directly used.
[0103]

The reductive amination reaction can be performed in accordance with a known
method (for example, Journal of Organic Chemistry, vol. 68, p. 770-779, 2003) or a similar
method thereto.

[0104]

(Step 7)

A compound (lla-a) can be obtained by deprotection of a compound (VIITIA).
[0105]

Removal of a protective group, which varies depending upon the type of protective
group, can be performed in accordance with a known method (for example, Greene, T. W.,
"Greene's Protective Groups in Organic Synthesis", Wiley-Interscience) or a similar method
thereto.

[0106]

{Step &)

A compound (IITA) can be obtained by the acetylation reaction of a compound (Ila-a).
[0107]

The acetylation reaction can be performed in accordance with a known method (for
example, Greene, T. W., "Greene's Protective Groups in Organic Synthesis", Wiley-
Interscience) or a similar method thereto.

[0108]
3. Production of a compound (TV):

[Formula 8]

24



RI-L
(L1}

Alkylation reaction

ey
0]

Step 11
R1_L (X L )
(L1}
Alkylation reaction Formylation reaction Rl
. N
HN— ’\>
N
N Step 9 Step 10

(1X) {(X) (1V)

wherein L represents a leaving group and other individual reference symbols are the same as
defined above.
[0109]

(Step 9)

A compound (X) can be obtained by deprotonation of a compound (IX) with a base,
followed by an alkylation reaction with an alkylating reagent (1.I).

[0110]

As the compound (IX)} to be used in the alkylation reaction, a commercially available
campound can be directly used.
[o111]

As the base to be used in the alkylation reaction, for example, an alkali metal hydride
such as sodium hydride or potassium hydride; or a butyllithium such as n-butyllithium, sec-
butyllithium or tert-butyllithium can be mentioned.

[0112]

The amount of the base to be used in the alkylation reaction is preferably 0.5 to 3 moles
relative to 1 mole of a compound (IX) and more preferably 0.8 to 2 moles.
[0113]

As the alkylating reagent (LI) to be used in the alkylation reaction, a commercially
available compound can be directly used.

[0114]
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The amount of the alkylating reagent (LI} to be used in the alkylation reaction is
preferably 0.5 to 10 moles relative to 1 mole of a compound (IX) and more preferably 0.8 to 5
moles.

[0115]

The alkylation reaction is- generally performed in a solvent. A solvent which does not
inhibit the reaction is appropriately selected. As the solvent, for example, an ether such as
tetrahydrofuran or 14-dioxane; an amide such as N,N-dimethylformamide or N-
methylpyrrolidone; or an aliphatic nitrile such as acetonitrile or propionitrile, can be
mentioned: A mixture of these solvents may be used.

[0116]

In the alkylation reaction, the reaction temperature is preferably -20°C to 150°C and
more preferably 0 to 100°C.
[0117

In the alkylation reaction, the reaction time, which varies depending upon the reaction
conditions, is preferably 5 minutes to 72 hours, and more preferably 30 minutes to 48 hours.
[0118]

(Step 10)

A compound (IV) can be obtained by deprotonation of a compound (X) with a base,
followed by a formylation reaction with a formyl group introducing reagent.

[0119]

As the compound (X) to be used in the formylation reaction, a commercially available
compound can be directly used; however, the compound (X) can be synthesized, for example,
in accordance with the above production method.

[0120]

As the base to be used in the formylation reaction, for example, n-butyllithium, sec-

butyllithium or tert-butyllithium can be mentioned.
[0121]
The amount of base to be used in the formylation reaction is preferably 0.5 to 3 moles

relative to 1 mole of a compound (X) and more preferably 0.8 to 2 moles.
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[0122]

As the formyl group introducing reagent to be used in the formylation reaction, for
example, N,N-dimethylformamide can be mentioned. As the N,N-dimethylformamide, a
-commercially available compound can be directly used.

[0123]

The amount of the formyl group introducing reagent to be used in the formylation
reaction is preferably 0.5 to 3 moles relative to 1 mole of a compound (X) and more preferably
0.8 to 2 moles.

[0124]

The formylation reaction is generally performed in a solvent. A solvent which does
not inhibit the reaction is appropriately selected. As the solvent, for example, an aliphatic
‘hydrocarbon such as heptane or hexane; or an ether such as tetrahydrofuran, diethyl ether or
1,4-dioxane can be mentioned. A mixture of these solvents may be used.

[0125]

In the deprotonation of the formylation reaction, the reaction temperature is preferably -
100 to 0°C and more preferably -80 to -20°C. 1In the formylation of the formylation reaction,
the reaction temperature is preferably -20°C to 150°C and more preferably 0 to 100°C,

[0126]

In the formylation reaction, the reaction time, which varies depending upon the reaction
conditions, is preferably 5 minutes to 72 hours, and more preferably 30 minutes to 48 hours.
[0127]

(Step 11)

A compound (TV) can be obtained by deprotonation of a compound (XI) with a base,
followed by an alkylation reaction with an alkylating reagent (LI).

[0128]
As the compound (XTI} to be used-in the alkylation reaction, a commercially available

compound can be directly used.

[0129]
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As the base to be used in the alkylation reaction, for example, a metal carbonate such as
sodium carbonate, potassium carbonate or cesium carbonate; or an alkali metal hydroxide such
as sodium hydroxide or potassium hydroxide can be mentioned.

[0130]

The amount of the base to be used in the alkylation reaction is preferably 0.5 to 3 moles
relative to 1 mole of a compound (XI) and more preferably 0.8 to 2 moles.
[0131]

As the alkylating reagent (LI) to be used in the alkylation reaction, a commercially
available compound can be directly used:
[0132]

The amount of the alkylating reagent (LI} to be used in the alkylation reaction is
preferably 0.5 to 3 moles relative to 1 mole of a compound (X1) and more preferably 0.8 to 2
moles,

[0133]

The alkylation reaction is generally performed in a solvent. A solvent which does not
inhibit the reaction is appropriately selected. As the solvent, for example, an. ether such as
tetrahydrofuran or 14-dioxane; an amide such as N,N-dimethylformamide or N-
methylpyrrolidone; or an aliphatic nitrile such as acetonitrile or propionitrile can be mentioned,
A mixture of these solvents may be used.

[0134]

In the alkylation reaction, the reaction temperature is preferably -20°C to 150°C and
more preferably O to 100°C,
[0135]

In the alkylation reaction, the reaction time, which varies depending upon the reaction
conditions, is preferably 5 minutes to 72 hours, and more preferably 30 minutes to 48 hours.
[0136]

4. Production of compound (VA):

4-1. Production method for compound (VA):
iFormula 9]
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QOxidation

R3
| 1
N R. N .
R \O N’\> reaction . R3” \O N’\>
—
N\H/\H\N NNN
0 0'~R2a

Step 12
(Ia—bh) (VA)

wherein individual referénce symbols are the same as defined above.
f0137]

(Step 12)

A compound (VA) can be obtained by the oxidation reaction of a compound (la-b).
[0138]

The compound (Ia-b) to be used in the oxidation reaction can be synthesized in
accordance with the above production method.

[0139]

As the oxidant to be used in the oxidation reaction, for example, manganese dioxide,
. sulfur trioxide-pyridine, activated dimethyl sulfoxide or Dess-Mattin reagent can be
mentioned.

[0140]

The amount of the oxidant to be used in the oxidation reaction is preferably 0.5 to 50
‘moles relative to 1 mole of a compound (Ta-b) and more preferably 0.8 to 35 moles.

[0141]

The oxidation reaction is generally performed in a solvent. A solvent which does not
inhibit the reaction is appropriately selected. As the solvent, for example, an aromatic amine
such as pyridine; a halogenated hydrocarbon such as dichloromethane, chloroform or 1,2-
dichloroethane; an ether such as tetrahydrofuran or 1,4-dioxane; or an aliphatic nitrile such as
acetonitrile or propionitrile can be mentioned. A mixture of these solvents may be used.
[0142]

In the oxidation reaction, the reaction temperature is preferably -78°C to 100°C and
more preferably -78°C to 40°C,

[0143]
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In the oxidation reaction, the reaction time, which varies depending upon the reaction
conditions, is preferably 5 minutes to 72 hours, and more preferably 30 minutes to 48 hours.
[0144]

4-2. Production method for compound (VA):

[Formula 10]

RY-L
(L 1)
HN N Alkyiation reaction
4 =
R*O N
O Step 14
(X111)
R3

1 Esterification R} Ill Condensation

R\N \ reaction N"\> R3” \O reaction
4 _—
A"N> R O\F(LN + N\[rCHa —_—
Step 13 o ) Step 15

(x) (X1 1) (I1T1A)

R3

| R!

D
D
O O
{(VA)

wherein R? represents an alkyl group having 1 to 6 carbon atoms or an aralkyl group having 7
to 10 carbon atoms; for example, a methyl group, an ethyl group, a n-propyl group, a n-butyl
group or a benzyl group can be mentioned; and the other reference symbols are the same as
defined above,
[0145]

(Step 13)

A compound. (XII) can be obtained by an esterification reaction of a compound (X)

with-an ester group introducing reagent in the presence of a base:

[0146]
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As the compound (X) to be used in the esterification reactioti, a commercially available
compound can be directly used; however, the compound (X) can be synthesized, for example,
in accordance with the above production method.

[0147]

As the base to be used in the esterification reaction, for example, an aromatic amine
such as pyridine or lutidine; or a tertiary amine such as triethylamine, triisopropylamine,
tributylamine, cyclohexyldimethylamine, 4-dimethylaminopyridine, N,N-dimethylaniline, N-
methylpiperidine, N-methylpyrrolidine, N-methylmorpholine or diisopropylethylamine
(DIEA) can be mentioned.

[0148]

The amount of the base used in the esterification reaction is preferably 0.5 to 10 moles
relative to 1 mole of the compound (X) and more preferably 0.8 to 5 moles.
[0149]

As the ester group introducing reagent to be used in the esterification reaction, for
example, a halogenated formic acid ester such as ethyl chloroformate can be mentioned. As
the ethyl chloroformate, a commercially available compound can be directly used.
f0150]

* The amount of the ester group introducing reagent to be used in the esterification
reaction is preferably 0.5 to 3 moles relative to 1 mole of the compound (X) and more
preferably 0.8 to 2 moles.
fo151]

The esterification reaction is generally performed in a solvent. A solvent which does
not inhibit the reaction is appropriately selected. As the solvent, for example, an ether such
as tetrahydrofuran or 1,4-dioxane; an amide such as N,N-dimethylformamide or N-
methylpyrrolidone; or an aliphatic nitrile such as acetonitrile or propionitrile can be mentioned.
A mixture of these solvents may be used.

[0152]
In the esterification reaction, the reaction temperature is preferably -20°C to 150°C and

more preferably 0 to 100°C.
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[0153]

In the esterification reaction, the reaction time, which varies depending upon the
reaction conditions, is preferably 5 minutes to 72 hours, and more preferably 30 minutes to 48
hours,

[0154]

(Step 14)

A compound (XII) can be obtained by deprotonation of a compound (XIIT) with a base,
followed by an alkylation reaction with an alkylating reagent (LI).

[0155]

As the compound (XIII) to be used in the alkylation reaction, a commercially available
compound can be directly used.
[0156]

Asthe base to be used in the alkylation reac.tio_n, for example, a metal carbonate such as
sodium carbonate, potassium carbonate or cesium carbonate; or an alkali metal hydroxide such
as sodium hydroxide or potassium hydroxide can be mentioned,

(0157}

The amount of the base to be used in the alkylation reaction is preferably 0.5 to 3 moles
relative to 1 mole of a compound (XIII) and more preferably 0.8 to 2 moles.
[0158]

As the alkylating reagent (LI) to be used in the alkylation reaction, a commercially
available compound can be directly used.
[0159]

The amount of the alkylating reagent (LI) to be used in the alkylation reaction is
preferably 0.5 to 3 moles relative to 1 mole of a compound (XIIT) and more preferably 0.8 to 2
moles.

[0160]

The alkylation reaction is generally performed in a solvent, A selvent which does not

inhibit. the reaction is appropriately selected. As the solvent, for example, an ether such as

tetrahydrofuran or 1,4-dioxane; an amide such as N,N-dimethylformamide or N-
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methylpyrrolidone; or an aliphatic nitrile such as acetonitrile or propioniitile can be mentioned.
A mixture of these solvents may be-used.
fo161]

In the alkylation reaction, the reaction temperature is preferably -20°C to 150°C and
more preferably 0 to 100°C.
[0162]

In the alkylation reaction, the reaction time, which varies depending upon the reaction
conditions, is preferably 5 minutes to 72 hours, and more preferably 30 minutes to 48 hours.
[0163]

(Step 15)

A compound (VA) can be obtained by the condensation reaction between a compound
(X1I} and-a compound (IITAY in the presence of a base.

[0164]

As the compound (XII) and the compound (IfTA) to be used in the condensation
reaction, commercially available compounds can be directly used; however, the compound
(XII) and the compound (IITA} can be synthesized, for example, in accordance with the above
production method.

[0165]

As the base to be used in the condensation reaction, for example, lithium
diisopropylamide, potassium tert-butoxide, sodium hydride, phenyl lithium or tert-butyl
lithium can be mentioned.

[0166]

The amount of the base to be used in the condensation reaction is preferably 0.5 to 10
moles relative to 1 mole of a compound (IIIA) and more preferably 0.8 to 5 moles.
[0167]

The amount of the compound (XII) to be used in the condensation reaction is
preferably 0.5 to 3 moles relative to 1 mole of a compound (IIIA) and more preferably 0.8 to
1.5 moles.

[0168]

33



The condensation reaction is generally performed ina solvent. A solvent which does
not inhibit the reaction is appropriately selected. As the solvent, for example, a halogenated
hydrocarbon such as dichloromethane, chloroform or 1,2~dichloroethane; or an ether such as
tetrahydrofuran or 1,4-dioxane can be mentioned. A mixture of these solvents may be used.
[0169]

In the condensation reaction, the reaction temperature is preferably -78°C to 100°C and
more preferably -78°C to 50°C.

[0170]

In the condensation reaction, the reaction time, which varies depending upon the
reaction conditions, is preferably 5 minutes to 48 hours, and more preferably 30 minutes to 24
hours.

[0171]

4-3. Production methods for compound (VA):

[Formula 11]

Rr! ; . RY Condensation
N ,\> Hydrolysis reaction N"\> RO oM reaction
R4O\ﬁ~ MO\#N + m
o Step 16 0 Step 17
(xXv)
(XI11) (X1Vv})
R! R3
N r? Amidation E 4
R4OM,\> ;11 reaction =3 N R\N \
N - _—
+ R? N 3
o O NH Step 18 N
o O
(XV 1) (I Ta—a)
(VA3

wherein M represents a hydrogen atom or an alkali metal; as the alkali metal, for example,
lithivm or sodium can be mentioned; and the other reference symbols are the same as defined
above.
[0172]

{Step 16)

A compound (XIV} can be obtained by the hydrolysis reaction of a compound (XI¥).
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[0173]

As the compound (XII) to be used in the hydrolysis reaction, a commercially available
compound can be directly used; however, the compound (XII) can be synthesized, for example,
in accordance with the above production method.

[0174]

As the base to be used in the hydrolysis reaction, for example, lithium hydroxide,
potassium hydroxide or sodium hydroxide can be mentioned.
[0175]

The amount of the base to be used in the hydrolysis reaction is preferably 0.5 to 3
moles relative to 1 mole of 2 compound (XII} and more preferably 0.8 to 2 moles.
[0176]

The hydrolysis reaction is gencrally performed in a solvent. A solvent which does not
inhibit the reaction is appropriately selected. As the solvent, for example, an aliphatic
alcohol such as methanol, ethanol or propanol; or water can be mentioned. A mixtyre of
these solvents may be used.

[0177]

In the hydrolysis reaction, the reaction temperature is preferably, -20°C to 150°C and
more preferably 0 to 100°C.
[0178]

In the hydrolysis reaction, the reaction time, which varies depending upon the reaction
conditions, is preferably 5 minutes to 72 hours, and more preferably 30 minutes to 48 hours.
[0179]

(Step 17)

A compound (XVI} can be obtained by the condensation reaction between a compound
(XIV) and a compound (XV) in the presence of a base, carbonyldiimidazole and a magnesium
salt,

[0180]
The above condensation reaction can be performed by a known method (for example,

ACS Medicinal Chemistry Letters, vol, 2, p. 171-176, 2011) or a-similar method thereto.
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fo181]

(Step 18)

The compound (VA) can be obtained by the amidation reaction between a compound
{(XVI and a compound (Ila-a).

[0182]

As the compound (XVI) and compound (Ifa-a) to- be used in the amidation reaction,
commercially available compounds can be directly used; however, the compounds can be
synthesized, for example, in accordance with the above production method.

[0183]

The amount of the compound (I1a-a) used in the amidation reaction is preferably 0.5 to
3 moles relative to 1 mole of the compound (XVI) and more preferably 0.8 to 1.5 moles.
[0184]

The amidation reaction is generally performed in a solvent. A solvent which does not
inhibit the reaction is appropriately selected. As the solvent, for example, an aromatic
hydrocarbon such as toluene, chlorobenzene or xylene; an ether such as tetrahydrofuran or 1,4-
dioxane; an amide such as N,N-dimethylformamide or N-methylpytrolidone; or an aliphatic
nitrile such as acetonitrile or propionitrile can be mentioned. A mixture of these solvents
may be nsed.

[0185]

In the amidation reaction, the reaction temperature is preferably -20°C to 200°C and
more preferably 0 to 150°C.
[0186]

In the amidation reaction, the reaction time, which varies depending upon the reaction
conditions, is preferably 5 minutes to 72 hours, and more preferably 30 minutes to 48 hours.
[0187]

5. Production of compound (Ib):

5-1. Production method for compound (Ib-a):

[Formula 12]
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Step 19
(111B) (1Vv) (I1b—a)
wherein individual reference symbols are the same as defined above
[0188]
(Step 19).

A compound (Ib-a), which is a cyclic amine derivative (I) wherein A is a group
represented by the general formula (IIb), can be obtained, for example, by the aldol
condensation reaction between a compound (IIIB) and a compound (IV) in the presence of a
base.

[0189]

As the compound (IIIB). and compound (IV) to be used in the aldol condensation
reaction, commercially available compounds can be directly used; however, the compound
(IIIB) can be synthesized, for example, in accordance with the production method that will be
described below and the compound (IV) can be synthesized in accordance with the above
production method.

[0190]

As the base to be used in the aldol condensation reaction, for example, lithium
diisopropylamide, potassium tert-butoxide, sodium hydride, phenyl lithium or tert-butyl
lithium can be mentioned.

[0191]

The amount of the base used in the aldol condensation reaction.is preferably 0.5 to 10

moles relative to 1 mole of the compound (ITIB) and more preferably 0.8 to 5 moles,
[0192]
The amount of the compound (IV) used in the aldol condensation reaction is preferably

0.5 to 3 moles relative to 1 mole of the compound (IIIB} and more preferably 0.8 to 1.5 moles.
[0193]
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The aldol condensation reaction is generally performed in a solvent. A solvent which
does not inhibit the reaction is appropriately selected. As the solvent, for example, a
halogenated hydrocarbon such as dichloromethane, chloroform or 1,2-dichloroethane; or an
ether such as tetrahydrofuran or 1,4-dioxane can be mentioned. A mixture of these solvents
rhay be used.

[0194]

The reaction temperature of the aldol condensation reaction is preferably -78°C to
100°C and more preferably -78°C to 50°C.
[0195]

The redction time of the aldol condensation reaction, which varies depending upon the
reaction conditions, is preferably 5 minutes to 48 hours and more preferably 30 minutes to 24
hours.

[0196]

5-2. Production method for compounds (Tb-b) and (Ib-c):

[Formula 13]
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R3/N N”\> reaction
-
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3
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~ _— -
(\@N TCH3 TH\N : N N
n
n 5 o Step 20 0 O. R2a
(I11B) (I1v) (1 b—0b)
Acylation
reaction Step 22

¥ R
R3/N\@N N\’\‘>
By
: O O
(Ib—ec)
wherein individual reference symbols are the same as defined above.
[0197]
(Step 20)
A compound (Ib-b), which is a cyclic amine derivative (I) wherein A is a group
represented by the general formula (IIb) and R? is a hydrogen atom, can be obtained, for

example, by the aldol condensation reaction between a compound (IIIB) and a compound (IV)

in the presence of a bage.
[0198]

As the compound (IIIB) and compound (IV) to be used in the aldol condensation
reaction, commercially available compounds can be directly used; however, the compound

(IIIB) can be synthesized, for example, in accordance with the production method that will be
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described below and the compound (IV) can be synthesized, for example, in accordance with
the above production method.
[0199]

As the base to be used in the aldol condensation reaction, for example, lithium
diisopropylamide, potassium tert-butoxide, sodium hydride, phenyl lithium or tert-butyl
lithium can be mentioned.

[0200]

The amount of the base used in the aldol condensation reaction is preferably 0.5 to 10
moles relative to 1 mole of the compound (I11B} and more preferably 0.8 to 5 moles.
[0201]

The amount of the compound (IV) used in the aldol condensation reaction is preferably
0.5 to 3 moles relative to 1 mole of the compound (HIB) and more preferably 0.8 to 1.5 moles.
[0202]

The aldol condensation reaction is generally performed in a solvent. A solvent which
does mot inhibit the reaction is appropriately selected. As the solvent, for example, a
halogenated hydrocarbon such as dichloromethane, chloroform or 1,2-dichloroethane; or an
ether such as tetrahydrofuran or 1,4-dioxane can be mentioned. A mixture of these solvents
may be used.

[0203]

The reaction temperature of the aldol condensation reaction is preferably -78°C to
100°C and more preferably -78°C to 50°C.
[0204]

The reaction time of the aldol condensation reaction, which varies depending upon the
reaction conditions, is preferably 5 minutes to 48 hours and more preferably 30 minutes to 24
hours,

[0205]
{Step 21)
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A compound (Ib-b), which is a cyclic amine derivative (I} wherein A is a group
represented by the general formula (IIb) and R? is a hydrogen atom, can be obtained by the
reduction reaction of a compound (VB).

[0206]

The compound (VB) to be uwsed in the reduction reaction can be synthesized, for
example, in accordance with the method that will be described below.
[0207]

As the reducing agent to be used in the reduction reaction, for example, lithium
borohydride, sodium borohydride, diisobutylaluminum hydride, lithium aluminum’ hydride,
lithium triethyl hydride, sodium bis(2-methoxyethoxy)aluminum hydride or a borane complex
can be mentioned.

[0208]

The amount of the reducing agent to be used in the reduction reaction is preferably 0.5
to 10 moles relative to 1 mole of the compound (VB) and more preferably 0.8 to 5 moles.
[0209]

The reduction reaction is generally performed in a solvent. A solvent which does not
inhibit the reaction is appropriately selected. As the solvent, for example, a hydrocarbon
such as octane, hexane, benzene or toluene; an ether such as tetrahydrofuran, 1,4-dioxane,
ethylene glycol dimethyl ether or diethyl ether; or an alcohol such as methanol, ethanol or 2-
propanol can be mentioned. A mixture of these solvents may be used.

[0210]

The reaction temperature of the reduction reaction is preferably -78°C to 150°C and
more preferably -78°C to 100°C.
[0211]

The reaction time of the reduction reaction, which varies depending upon the reaction
conditions, is preferably 5 minutes to 72 hours and more preferably 30 minutes to 24 hours.
[0212]

(Step 22)
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A compound (Ib-c), which is a cyclic amine derivative (I)- wherein A is a group
represented by the general formula (IIb) and R? is an alkcylcarbonyl group having 2 to 5 carbon
atoms can be obtained, for example, by the acylation reaction of a compound (Ib-b) with an
acylating agent such as a halide of a carboxylic acid having 2 to 5 carbon atoms or an acid
anhydride in the presence of a base,

[0213]

In the acylation reaction, a compound (Tb-b) and a salt thereof can be used.  As the salt
herein, for example, the same salt as a pharmacologically acceptable salt as mentioned above
can be mentioned.

[0214]

As the base to be used in the acylation reaction, for example, pyridine, triethylamine,
diisopropylethylamine or N,N-dimethylaminopyridine ¢an be mentioned,
[0215]

The amount of the base to be used in the acylation reaction is preferably 0.5 to 10
moles relative to 1 mole of a compound (Ib-b) and more preferably 0.8 to 5 moles.
[0216]

As the acylating agent to be used in the acylation reaction, a commercially available
compound can be directly vsed.
[0217]

The amount of the acylating agent to be used in the acylation reaction is preferably 0.5
to 10 moles relative to 1 mole of the compound (Ib-b) and more preferably 0.8 to 5 moles.
[0218]

The acylation reaction is generally performed in a solvent. A solvent which does not
inhibit the reaction is appropriately selected. As the solvent, for example, an aromatic amine
such as pyridine; a halogenated hydrocarbon such as dichloromethane, chloroform or 1,2-
dichloroethane; an ether such as tetrahydrofuran or 1,4-dioxane; or an aliphatic nitrile such as
acetonitrile or propionitrile can be mentioned. A mixture of these solvents may be used.
When an aromatic amine such as pyridine is selected as a solvent, the acylation reaction can be

performed in the absence of a base.
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[0219]

The reaction temperature of the acylation reaction is preferably -40°C to 100°C and
more preferably -20°C to 80°C.
[0220]

The reaction time of the acylation reaction, which varies depending upon the reaction
conditions, is preferably 5 minutes to 72 hours and more preferably 30 minutes to 24 hours.
[0221]

5-3. Salt formation steps of compounds (Ib-a), (Ib-b) and (Ib-c):

The pharmacologically acceptable salts of the compounds (Ib-a), (Ib-b) and (Ib-c) can
be obtained, for example, by salt formation reactions of the compound (Ib-a), (Tb-b) or (Ib-c)
with an acid.

[0222]

As the acid to be used in the salt formation reaction, for example, an inorganic acid
such as hydrochloric acid, sulfuric acid, phosphoric acid or hydrobromic acid; or an organic
acid such as oxalic acid, malonic acid, citric acid, fumaric acid, lactic acid, malic acid, succinic
acid, tartaric acid, acetic acid, triflucroacetic acid, maleic acid, gluconic acid, benzoic acid,
salicylic acid, xinafoic acid, pamoic acid, ascorbic acid, adipic acid, methanesulfonic acid, p-
toluenesulfonic acid or cinnamic acid can be mentioned.

[0223]

The salt formation reaction is generally performed in a solvent. A solvent which does
not inhibit the reaction is appropriately selected. As the solvent, for example, an aliphatic
alcohol such as methanol, ethanol or 2-propanol; an ether such as diethyl ether,
tetrahydrofuran, 1,4-dioxane or ethylene glycol dimethyl cther; an amide such as N N-
dimethylformamide or N-methylpyrrolidone; a sulfoxide such as dimethyl sulfoxide; an
aliphatic nitrile such as acetonitrile or propionitrile; a ketone such as acetone or 2-butanone; an
ester such as ethyl acetate, methyl acetate or n-butyl acetate; or water can be mentioned. A
mixture of these solvents may be used.

[0224]
6. Production of compound (I1IB)
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iFormula 14]

Reductive amination R3?
0 R3 reaction [11
l P -~
?@N—PG + NH R® \@ane
n R Step 24 n {
{V1B) (VIIB) {(VI1II1IB)
Reduc:;v:ctai;r;: nation Step 23 Deprofection Step 25
3
l? Acetylation reaction ||q3'
N
- N
R3 - 3~
(\EN\H/CHS Step 26 R (\ENH
n @] ep n
(IT1B) (ITb—a)

wherein individual reference symbols are the same as defined above.
[0225]

(Step 23)

A compound (IIIB) can be. obtained by the reductive amination reaction between a
compound (VIB) in which PG is an acetyl group and compound (VIIB).

[0226]

As the compound (VIB) and compound (VIIB) to be used in the reductive amination
reaction, commercially available compounds can be directly used.
[0227]

The reductive amination reaction can be performed in accordance with a known
method (for example, Journal of Organic Chemistry, vol. 68, p. 770-779, 2003) or a similar
method thereto.

[0228]

(Step 24)

A compound (VIIB) can be obtained by the reductive amination reaction between a.
compound (VIB) and a compound (VIIB).

[0229]
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As the compound (VIB) and the compound (VIIB) to be used in the reductive
amination reaction, a commercially available compound can be directly used.
[0230]

The reductive amination reaction can be performed in accordance with a known
method (for example, Journal of Organic Chemistry, vol. 68, p. 770-779, 2003) or a similar
method thereto.

[0231]

(Step 25)

A compound (IIb-a) can be obtained by the deprotection of a compound (VIIIB).
[0232]

Removal of a protective group, which varies depending upon the type of protective
group, can be performed in accordance with a known method (for example, Greene, T. W,
"Greene's Protective Groups in Organic Synthesis", Wiley-Interscience) or a similar method
thereto,

[0233]

(Step 26)

A compound (IIIB) can be obtained by the acetylation reaction of a compound (11b-a).
[0234]

The acetylation reaction can be performed in accordance with a known method (for
example, Greene, T. W., "Greene's Protective Groups in Organic Synthesis", Wiley-
Interscience) or a similar method thereto.

[0235]

7. Production of compound (VB):

[Formula 15]
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wherein individual reference symbols are the same as defined above.
[0236]

(Step 27)

A compound (VB) can be obtained by the oxidation reaction of a compound (Ib-b).
[0237]

The compound (Ib-b) to be used in the oxidation reaction can be synthesized in
accordance with the above production method.
[0238]

As the oxidant to be used in the oxidation reaction, for example, manganese dioxide,
sulfur trioxide-pyridine, activated dimethyl sulfoxide or Dess-Martin reagent can be
mentioned.

[0239]
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The amount of the oxidant to be used in the oxidation reaction is preferably 0.5 to 50
moles relative to 1 mole of the compound (Ib-b) and more preferably 0.8 to 35 moles.
[0240]

The oxidation reaction is generally performed in a solvent. A solvent which does not
inhibit the reaction is appropriately selected. As the solvent, for example, an aromatic amine
such as pyridine; a halogenated hydrocarbon such as dichloromethane, chloroform or 1,2-
dichloroethane; an ether such as tetrahydrofuran or 1,4-dioxane; or an aliphatic nitrile such as
acetonitrile or propionitrile can be mentioned. A mixture of these solvents may be used.
[0241]

The reaction temperature of the oxidation reaction is preferably -78°C to 100°C and
more preferably -78°C to 40°C.

[0242]

The reaction time of the oxidation reaction, which varies depending upon the reaction
conditions, is preferably 5 minutes to 72 hours and more preferably 30 minutes to 48 hours.
[0243]

(Step 28)

A compound (VB) can be obtained by the condensation reaction between a compound
(XII) and a compound (I1IB) in the presence of a base.

[0244]

As the compound (XII) and compound (IIIB) to be used in the condensation reaction,
comercially available compounds can be directly used; however, the compounds can be
synthesized, for example, in accordance with the above production methods.

[0245]

As the base to be used in the condensation reaction, for example, lithium
diisopropylamide, potassium tert-butoxide, sodium hydride, phenyl lithium or tert-butyl
lithium can be mentioned.

[0246]
The amount of the base to be used in the condensation reaction is preferably 0.5 to 10

moles relative to 1 mole of the compound (IHB) and more preferably 0.8 to 5 moles.
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[0247]

The amount of the compound (XII) to be used in the condensation reaction is
preferably 0.5 to 3 moles relative to 1 mole of the compound (IIIB) and more preferably 0.8 to
1.5 moles.

[0248]

The condensation reaction is generally performed in a solvent. A solvent which does
not inhibit the reaction is appropriately selected. As the solvent, for example, a halogenated
hydrocarbon such as dichloromethane, chloroform or 1,2-dichloroethane; or an ether such as
tetrahydrofuran or 1,4-dioxane can be mentioned. A mixture of these solvents may be used.
[0249]

The reaction temperature of the condensation reaction is preferably -78°C to 100°C and
more preferably -78°C to 50°C.

[0250]

The reaction time of the condensation reaction, which varies depending upon the
reaction conditions, is preferably 5 minutes to 48 hours and more preferably 30 minutes to 24
hours.
f0251]

(Step 29)

A compound (VB) can be obtained by the amidation reaction between a compound
{XVI} and a compound (1Ib-a).

[0252]

As the compound (XVI) and compound (I1b-a) to be used in the amidation reaction, a
commercially available compound can be directly used; however, the compounds can be
synthesized, for example, in accordance with the above production methods.

[0253]

The amount of the compound (IIb-a) to be used in the amidation reaction is preferably
0.5 to 3 moles relative to 1 mole of the compound (XVI) and more preferably 0.8 to 1.5 moles,
[0254]
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The amidation reaction is generally performed in a solvent. A solvent which does not
inhibit the reaction is appropriately selected. As the solvent, for example, an aromatic
hydrocarbon such as toluene, chlorobenzene or xylene; an ether such as tetrahydrofuran or 1,4-
dioxane; an amide such as N,N-dimethylformamide or N-methylpyrrolidone; or an aliphatic
nitrile such as acetonitrile or propionitrile can be mentioned. A mixture of these solvents
may be used.

[0255]

The reaction temperature of the amidation reaction is preferably -20°C to 200°C and
more preferably 0 to 150°C,
[0256]

The reaction time of the amidation reaction, which varies depending upon the reaction
conditions, is preferably 5 minutes to 72 hours and more preferably 30 minutes to 48 hours.
[0257]

&. Production of compound (c):

8-1. Preduction method for compound (Ic-a):

[Formula 16]

3 R
R“N/\ Aldo! condensation N/\

R! ; 1
N \N ! reaction K/N R
e oy e TG
e 5 Step 30 Y
8] O O‘RZ
(I 1 T1C) {(1V) (I c—a)

wherein individual reference symbols are the same as defined above.
[0258]

(Step 30}

A compound (Ic-a), which is a cyclic amine derivative (I) wherein A is a group
represented by the general formula (IIc), can be obtained, for example, by the aldol
condensation reaction between a compound (IIIC) and a compound (IV) in the presence of a
base.

[0259]
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As the compound (IIIC) and compound (IV) to be used in the aldol condensation
reaction, commercially available compounds can be directly used; however, the compound
{IIC) can be synthesized for example, in accordance with the production method that will be
described below and the compound (IV) can be synthesized in accordance with the above
production method.

[0260]

As the base to be used in the aldol condensation reaction, for example, lithium
diisopropylamide, potassium tert-butoxide, sodium hydride, phenyl lithium or tert-butyl
lithium can be mentioned.

[0261]

The amount of the base to be used in the aldol condensation reaction is preferably 0.5
to 10 moles relative to 1 mole of the compound (1IEC) and more preferably 0.8 to 5 moles.
[0262]

The amount. of the compound (IV) to be used in the aldol condensation reaction is
preferably 0.5 to 3 moles relative to 1 mole of the compound (I11C) and more preferably 0.8 to
1.5 moles.

[0263]

The aldol condensation reaction is generally performed in a solvent. A solvent which
does not inhibit the reaction is appropriately selected. As the solvent, for example, a
halogenated hydrocarbon such as dichloromethane, chloroform or 1,2-dichloroethane; or an
ether such as tetrahydrofuran or 1,4-dioxane can be mentioned. A mixture of these solvents
may be used.

[0264]

The reaction temperature of the aldol condensation reaction is preferably -78°C to
100°C and more preferably -78°C to 50°C.
[0265]

The reaction time of the aldol condensation reaction, which varies depending upon the
reaction conditions, is preferably 5 minutes to 48 hours and more preferably 30 minutes to 24

houirs.
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[0266]
8-2. Production methods for compounds (Ic-b) and (Ic-c):
[Formula 17]

R%,
N
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N reaction
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o0 O Step 32
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Q. N,\> @ §
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ol ! Step 3 Y
O ) 0 0. R2a
(I111C) (1v) (I c~b)
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reaction Step 33
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g R,
\O N’\>
NN
N
o O. RZb

(Ic=—c)
wherein individual reference symbols are the same as defined above.
[0267]

(Step 31)

A compound (Ic-b), which is a cyclic amine derivative (I) wherein A is a group
represented. by the general formula (Ilc) and R? is a hydrogen atom, can be obtained, for
example, by the aldol condensation reaction between a compound (IT1IC) and a compound (IV)
inthe presence of a base.

{0268]
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As the compound (IIIC) and compound (IV) to be used in the aldol condensation
reaction, commercially available compounds can be directly used; however, the compound
(ULIIC) can be synthesized, for example, in accordance with the production method that will be
described below and the compound (IV) can be synthesized in accordance with the above
production method.

[0269]

As the base to be used in the aldol condensation reaction, for example, lithium
diisopropylamide, potassium tert-butoxide, sodium hydride, phenyl lithium or tert-butyl
lithium can be mentioned.

[0270]

The amount of the base to be used in the aldol condensation reaction is preferably 0.5
to 10 moles relative to 1 mole of the compound (IIIC) and more preferably 0.8 to. 5 moles.
[0271]

The amount of the compound (IV) to be used in the aldol condensation reaction is
preferably 0.5 to 3 moles relative to 1 mole of the compound (ITIC) and more preferably 0.8 to
1.5 moles.

[0272]

The aldol condensation reaction is generally performed in a solvent. A solvent which
does not inhibit the reaction is appropriately selected. As the solvent, for example, a
halogenated hydrocarbon such as dichloromethane, chloroform or 1,2-dichloroethane; or an
ether such as tetrahydrofuran or 1,4-dioxane can be mentioned. A mixture of these solvents
may be used.

[0273]

The reaction temperature of the aldoi condensation reaction is -78°C to 100°C and
mwore preferably -78°C to 50°C.
[0274]

The reaction time of the aldol condensation reaction;, which varies depending upon the
reaction conditions, is preferably 5 minutes to 48 hours and more preferably 30 minutes to 24

hours,
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[0275]

(Step 32)

A compound (Ic-b), which is a cyclic amine derivative (I) wherein A is a group
represented by the general formula (Ilc) and R” is a hydrogen atom, can be obtained by the
reduction reaction of a compound (V).

[0276]

The compound (VC) to be used in the reduction reaction can be synthesized, for
example, in accordance with the production method that will be described below.
[0277]

As the reducing agent to be used in the reduction reaction, for example, lithium
borohydride, sodium borohydride, diisobutylaluminum hydride, lithium aluminum hydride,
lithium triethyl hydride, sodium bis(2-methoxyethoxy)aluminum hydride or a borane complex
can be mentioned,

[0278]

‘The amount of the reducing agent to be used in the reduction reaction is preferably 0.5
to 10 moles relative to 1 mole of the compound (VC) and more preferably 0.8 to 5 moles,
[0279]

The reduction reaction is generally performed in a solvent, A solvent which does not
inhibit the reaction is appropriately selected. As the solvent, for example, a hydrocarbon
such as octane, hexane, benzene or toluene; an ether such as tetrahydrofuran, 1,4-dioxane,
ethylene glycol dimethyl ether or diethyl ether; or an alcohol such as methanol, ethanol or 2-
propanol ¢an be mentioned. A mixture of these solvents may be used.

[0280]

The reaction temperature of the reduction reaction is preferably -78°C to 150°C and
more preferably -78°C to 100°C.
[0281]

The reaction time of the reduction reaction, which varies depending upon the reaction
conditions, i preferably 5 minutes to 72 hours and more preferably 30 minutes to 24 hours.

[0282]
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(Step 33)

A compound (Ic-c), which is a cyclic amine derivative (I) wherein A is a group
represented by the general formula (Ilc) and R? is an alkylcarbonyl group having 2 to 5 carbon
atoms, can be obtained, for example, by the acylation reaction of a compound (Ic-b) with an
acylating agent such as a halide of a carboxylic acid having 2 to 5 carbon atoms or an acid
anhydride of a carboxylic acid having 2 to 5 carbon atoms in the presence of a base,

[0283]

In the acylation reaction, a compound (Ic-b) and a salt thereof can be used.  As the salt
herein, for example, the same salt as a pharmacologically acceptable salt as mentioned above
can be mentioned.

[0284]

As the base to be used in the acylation reaction, for example, pyridine, tricthylamine,
diisopropylethylamine or N,N-dimethylamino pyridine can be mentioned.
[0285]

The amount of the base to be used in the acylation reaction is preferably 0.5 to 10
moles relative to 1 mole of the compound (Ic-b) and more preferably 0.8 to 5 moles.
[0286]

As the acylating agent to be used in the acylation reaction, a commercially available
compound can be directly used.
[0287]

The amount of the acylating agent to be used in the acylation reaction is preferably 0.5
to 10 moles relative to I mole of the compound (Ic-b) and more preferably 0.8 to 5 moles.
[0288]

The acylation reaction is generally performed in a solvent. A solvent which does not
inhibit the reaction is appropriately selected. As the solvent, for example, an aromatic amine
such as pyridine; a halogenated hydrocarbon such as dichloromethane, chloroform or 1,2-
dichlotoethane; an ether such as tetrahydrofuran or 1,4-dioxane; or an aliphatic nitrile such as

acetonitrile or propionitrile, can be mentioned. A mixture of these solvents may be used.
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When an aromatic amine such as pyridine is selected as the solvent, the acylation reaction can
be performed in the absence of a base.
[0289]

The reaction temperature of the acylation reaction is preferably -40°C to 100°C and
more preferably -20°C to 80°C.
[0290]

The reaction time of the acylation reaction, which varies depending upon the reaction
conditions, is preferably 5 minutes to 72 hours and more preferably 30 minutes to 24 hours.
[0291]

8-3. Salt formation steps of compounds (Ic-a), (Ie-b) and (Ie-c):

A pharmacologically acceptable salt of compounds (Ic-a), (Ie-b) and (Ic-c) can be
obtained, for example, by a salt formation reactions of the compound. (Ic-a}, (Ic-b} or (Ic-c)
with an acid.

[0292]

As the acid to be used in the salt formation reaction, for example, an inorganic acid
such as hydrochloric acid, sulfuric acid, phosphoric acid or hydrobromic acid; or an organic
acid such as oxalic acid, malonic acid, citric acid, fumaric acid, lactic acid, malic acid, suceinic
acid, tartaric acid, acetic acid, trifluoroacetic acid, maleic acid, gluconic acid, benzoic acid,
salicylic acid, xinafoate, pamoic acid, ascorbic acid, adipic acid, methanesulfonic acid, p-
toluenesulfonic acid or cinnamic acid.

[0293]

The salt formation reaction is generally performed in a solvent. A solvent which does
not inhibit the reaction is appropriately selected. As the solvent, for example, an aliphatic
alcohol such as methanol, ethanol or 2-propanocl; an ether such as diethyl ether,
tetrahydrofuran, 1,4-dioxane or ethylene glycol dimethyl ether; an amide such as N,N-
dimethylformamide or N-methylpyrrolidone; a sulfoxide such as dimethyl sulfoxide; an
aliphatic nitrile such as acetonitrile or propionitrile; a ketone such as acetone or 2-butanone; an
ester such as ethyl acetate, methyl acetate or n-butyl acetate; or water can be mentioned. A

mixture of these solvents may be used.
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[0294]
9. Production of a compound (IIC):
[Formula 18]

Reductive amination R
o R reaction U
PG NH N.
Step 35 PG
(vic (XV11) (VIIIC)
Reductive-amination
reaction Step-34
Deprotection Step 36
R
N Acetylation R3
K/N reaction \N/ﬁ
- K/N
N, _CHaj
g Step 37 NH
0]
(I110C) (I Tc—a)

wherein individual reference symbols are the same as defined above.
[0295]
{Step 34)

A compound (IIIC) can be obtained by the reductive amination reaction between a

compound (VIC) in which PG is an acetyl group and a compound (XVI1).
[0296]

As the compound (VIC) and the compound (XVID) to be used in the reductive

amination reaction, a commercially available compound can be directly used.

[0297]

The reductive amination reaction can be performed in accordance with a known

method (for example, Journal of Organic Chemistry, vol. 68, p. 770-779, 2003) or a similar

method thereto.
[0298]
(Step 35)
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A compound (VIIIC) can be obtained by the reductive amination reaction between a
compound (VIC) and a compound (XVTI},
[0299]

As the compound (VIC) and compound (XVII) to be used in the reductive amination
reaction, commercially available compounds can be directly used.
[0300]

The reductive amination reaction can be performed in accordance with a known
method (for example, Journal of Organic Chemistry, vol. 68, p. 770-779, 2003) or a similar
method thereto.

[0301]

(Step 36)

A compound (llc-a) can be obtained by the deprotection of a compound (VIIIC).
[0302]

Removal of a protective group, which varies depending upon the type of protective
group, can be performed in accordance with a known method (for example, Greene, T. W.,
"Greene's Protective Groups in Organic Synthesis", Wiley-Interscience) or a similar method
thereto.

[0303]

(Step 37)

A compound (IIIC) can be obtained by the acetylation reaction of a compound {Ilc-a).
[0304]

The acetylation reaction can be performed in accordance with a known method (for
example, Greene, T. W., "Greene's Protective Groups in Organic Synthesis", Wiley-
Interscience) ot a similar method thereto.

[0305]

10. Production of a compound (VC):

[Formula 19]
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k/N R1 Oxidation reaction k/N R!
\N’\> ,_ \N
N =~ N . ~
N Step 38 : N
0] 0~R2'a o O
{(Ie—Dh) (ve)
R1 R3 , s .
N”\> “_N/\ Amidation reaction
4 .
Step 40
QO O NH
(Xv1) (I 1T c—a)

wherein individual reference symbols are the same as defined above.
[0306]

(Step 38)

A compound (VC) can be obtained by the oxidation reaction of a.compound (Ie-b).
[0307]

The compound {Ie-b) to be used in the oxidation reaction can be synthesized in
accordance with the above production method.
[0308]

As the oxidant 1o be used in the oxidation reaction, for example, manganese dioxide,
sulfur trioxide-pyridine, activated dimethyl sulfoxide or a Dess-Martin reagent can be
mentioned,

[0309]

58



The amount of the oxidant to be used in the oxidation reaction is preferably 0.5 to 50
moles relative to 1 mole of a compound (lc-b) and more preferably 0.8 to 35 moles.
[0310]

The oxidation reaction is generally performed in a solvent. A solvent which does not
inhibit the reaction is appropriately selected. As the solvent, for example, an aromatic amine
such as pyridine; a halogenated hydrocarbon such as dichloromethane, chloroform or 1,2-
dichloroethane; an ether such as tetrahydrofuran or 1,4-dioxane; or an aliphatic nitrile- such as
acetonitrile or propionitrile can be mentioned. A mixture of these solvents may be used.
[0311]

In the oxidation reaction, the reaction temperature is preferably -78°C to 100°C and
more preferably -78°C to 40°C.

[0312]

In the oxidation reaction, the reaction time, which varies depending upon the reaction
conditions, is preferably 5 minutes to 72 hours, and more preferably 30 minutes to 48 hours.
[0313]

(Step 39)

‘A compound (VC) can be cobtained by a condensation reaction between a compound
(XI) and a compound (IIIC) in the presence of a base.

[0314]

As the compound (XII) and compound (IIIC) to be used in the condensation reaction,
commercially available compounds can be directly used; however, the compound (XII) and
compound (IIIC) can be synthesized, for example, in accordance with the above production
method.

[0315]

As the base to be used in the condensation reaction, for example, lithium
diisopropylamide, potassium tert-butoxide, sodium hydride, phenyl lithium or tert-butyl
lithium can be mentioned.

[0316]
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The amount of the base to be used in the condensation reaction is preferably 0.5 to 10
moles relative to 1 mole of 2 compound (IIIC) and more preferably 0.8 to 5 moles,
[0317]

The amount of the compound (XII} to be used in the condensation reaction is
preferably 0.5 to 3 moles relative to 1 mole of a compound (IIIC) and more preferably 0.8 to
1.5 moles.

[0318]

The condensation reaction is generally performed in a solvent. A solvent which does
not inhibit the reaction is appropriately selected.  As the solvent, for example, a halogenated
hydrocarbon such as dichloromethane, chloroform or 1,2-dichloroethane; or an ether such as
tetrahydrofuran or 1,4-dioxane can be mentioned. A mixture of these solvents may be used.
[0319]

In the condensation reaction, the reaction temperature is preferably -78°C to 100°C and
more preferably -78°C to 50°C.,

[0320]

In the condensation reaction, the reaction time, which varies depending upon the
reaction conditions, is preferably 5 minutes to 48 hours, and more preferably 30 minutes to 24
hours.

[0321]

(Step 40)

A compound (VC) can be obtained by the amidation reaction between a compound
(XVT) and a compound (Tlc-a).

[0322]

The amount of the compound (Ilc-a) to be used in the amidation reaction is preferably
0.5 to 3 moles relative to 1 mole of the compound (XV1) and more preferably 0.8 to 1.5 moles.
[0323]

The amidation reaction is generally performed- in a solvent. A solvent which does not
inhibit the reaction is appropriately selected. As the solvent, for example; an aromatic

hydrocarbon such as toluene, chlorobenzene or xylene; an ether such as tetrahydrofuran or 1,4-
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dioxane; an amide such as N,N-dimethylformamide or N-methylpyrrolidone; or an aliphatic
nifrile such as acetonitrile or propionitrile can be mentioned. A mixture of these solvents
may be used.

[0324]

The reaction temperature of the amidation reaction is preferably -20°C to 200°C and
more preferably (0 to 150°C.,
[0325]

The reaction time of the amidation reaction, which varies depending upon the reaction
conditions, is preferably 5 minutes to 72 hours and more preferably 30 minutes to 48 hours,
[0326]

11. Production of compounds (XVIII-a), (XVIII-b) and (XVIII-c):

11-1. Production method for compound (X VIII-a):

[Formula 20]

R3 RS

I R? | ]l
RS/N \N"\> Optical resolution R3/N \N’\B

N\H/%N . N W/%N
Step 41
© Oge P O O,
(ta—a) (XVvIiII—a)

wherein individual reference symbols are the same as defined above.
[0327]

(Step 41)

A compound (XVIll-a), which is a cyclic amine derivative (I) wherein A is a group
represented by the general formmla (Ila) and the sterecochemical configuration of the
asymmeiric carbon marked with * is S, can be obtained by a known mean (for example, an
optically active synthetic intermediate of a compound (Ia-a) is used or-a racemic mixture of
the compound (Ia-a} is subjected to a known method or a similar method thereto. (for example,
optical resolution}}.

[0328]
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As the optical resolution, a known means, for example, a chiral column method or a
diastercomer method can be mentioned,

1} Chiral column method

This is a method of obtaining a desired enantiomer by separating a racemic mixture by
an enantiomer separation column (chiral column). For example, in the case of liquid
chromatography, an enantiomer can be separated by adding a racemic mixture to a chiral
column such as HPLC chiral column (for example, manufactured by Daicel Corporation.) and
developing it by using water, various buffers (for example, phosphate buffer), an organic
solvent (for example, n-hexane, cthanol, methanol, 1-propanol, 2-propancl, acetonitrile,
trifluoroacetic acid, diethylamine or ethylenediamine) singly or in combination.
[0329]

2} Diastercomer method

This is a method of obtaining a desired enantiomer by converting a racemic mixture by
use of an optically active reagent into a diastereomer mixture, separating a single diastereomer
by use of difference in physicochemical property between diastereomers and cutting out an
optical active reagent part. The racemic mixture can be converted into a diastereomer
mixture by a known method or a similar method thereto using an optically active reagent (for
example, MTPA (a-methoxy-a-(trifluoromethyDphenylacetic acid), N-(p-toluenesulfonyl)-L-
phenylalanyl chloride or N-(4-nitrophenylsulfonyl)-L-phenylalanyl chloride). The
diastereomer mixture is separated by a known means (for example, fractional recrystallization
or chromatography) to obtain a single diastereomer. The optically active reagent part of the
single diastercomer is cut out by a known method or a similar method thereto to obtain a
desired enantiomer. For example, a condensation reaction befween an intramolecular
hydroxyl of a compound (la-a) and an optical active organic acid or an acid halide thereof (for
example, N-(p-toluenesulfonyl)-L-phenylalanyl chloride) is performed to convert a racemic
mixture into a diastercomer (ester) mixture. Afler the mixture is separated, acid hydrolysis
reaction-or basic hydrolysis reaction is performed to obtain a desired enantiomer.
[0330]

11-2. Production methods for compound (XVIII-b) and (XVIII-¢c):
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[Formula 21]

R3 RS
'L R1 Asymmelric |{| R1 Acylation
R3/ \O N’\> reduction reaction R3 - \O N \ reaction
Y - j(\%(O
N N _—
O O Step 42 N Step 43
S O*R2a
(va)
3 (XVI1I—b)
R
I 1
N R
i N’\>
N & A
o 0" RZD

(XVITI—g¢)
wherein individual reference symbols are the same as defined above.
03317

(Step 42)

A compound (XVIII-b), which is a cyclic amine derivative (I) wherein A is a group
represented by the general formula (Ila), the stereochemical configuration of the asymmetric
carbon marked with * is S and R? is a hydrogen atom, can be obtained by a known means, for
example, the asymmetric reduction reaction of a compound (VA) or a similar method thereto.
[0332]

The asymmetric reduction reaction can be performed in accordance with a known
method (for example, Journal of American Chemical Society, vol. 133, p. 14960-14963, 2011)
or a similar method thereto.

[0333]

(Step 43)

A compound (XVTII-c), which is a cyclic amine derivative (I) wherein A is a group
represented by the general formula (Ila), the stereochemical configuration of the asymmetric
carbon marked with * is $ and R? is an alkylcarbonyl group having 2 to 5 carbon atoms, can be
obtained, for example, by the acylation reaction of a compound (XVIII-b) with an acylating
agent such as a halide of a carboxylic acid having 2 to 5 carbon atoms or an acid anhydride of

a carboxylic acid having 2 to 5 carbon atoms in the presence of a base.
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[0334]

In the acylation reaction, a compound (XVIII-b) and a salt thereof can be used. As the
salt herein, for example, the same salt as a pharmacologically acceptable salt as mentioned
above can be mentioned.

[0335]

As the base to be used in the acylation reaction, for example, pyridine, triethylamine,
diisopropylethylamine or N,N-dimethylamino pyridine can be mentioned.
[0336]

The amount of the base to be used in the acylation reaction is preferably 0.5 to 10
moles relative to I mole of the compound (XVIII-b) and more preferably 0.8 to 5 moles.
[0337]

As the acylating agent to be used in the acylation reaction, a commercially available
compound can be directly used.

[0338]

The amount of the acylating agent to be used in the acylation reaction is preferably 0.5
to 10 moles relative to 1 mole of the compound (XVIII-b) and more preferably 0.8 to 5 moles.
[0339]

The acylation reaction is generally performed in a solvent. A solvent which does not
inhibit the reaction is appropriately selected. -As the solvent, for example, an aromatic amine
such as pyridine; a halogenated hydrocarbon such as dichloromethane, chloroform or 1,2-
dichloroethane; an ether such as tetrahydrofuran or 1,4-dioxane; or an aliphatic nitrile such as
acetonitrile or propionitrile can be mentioned. A mixture of these solvents may be used.
When an aromatic amine such as pyridine is selected as the solvent, the acylation reaction can
be performed in the absence of a base.

[0340]

The reaction temperature of the acylation reaction is preferably -40°C to 100°C and
more preferably -20°C to 80°C.
[0341]
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The reaction time of the acylation reaction, which varies depending upon the reaction
conditions, is preferably 5 minutes to 72 hours and more preferably 30 minutes to 24 hours.
[0342]

11-3. Salt formation steps of compounds (XVIiI-a), (XVIII-b) and (XVIII-¢):

Pharmacologically acceptable salts of compounds (XVII-a}, (XVIII-b) and (XVIII-c)
can be obtained through salt formation reactions of the compounds (XVIII-a), (XVIII-b) or
{(XVIII-¢) with an acid.

[0343]

As the acid to be used in the salt formation reaction, for example, an inorganic acid
such as hydrochloric acid, sulfuric acid, phosphoric acid or hydrobromic acid; or an organic
acid such as oxalic acid, malonic acid, citric acid, fumaric acid, lactic acid, malic acid, succinic
acid, tartaric acid, acetic acid, trifluoroacetic acid, maleic acid, gluconic acid, benzoic acid,
salicylic acid, xinafoic acid, pamoic acid, ascorbic acid, adipic acid, methanesulfonic acid, p-
toluenesulfonic acid or cinnamic acid can bé mentioned.

[0344]

The salt formation reaction is generally performed in a solvent. A solvent which does
not inhibit the reaction is appropriately selected. As the solvent, for example, an aliphatic
alcohol such as methanol, ethanol or 2-propanol; an ether such as dicthyl ether,
tetrahydrofuran, 1,4-dioxane or ethylene glycol dimethyl ether; an amide such as N,N-
dimethylformamide or. N-methylpyrrolidone; a sulfoxide such as dimethyl sulfoxide; an
aliphatic nitrile such as acetonitrile or propionitrile; a ketone such as acetone or 2-butanone; an
ester such as ethyl acetate, methyl acetate or n-butyl acetate; or water can be mentioned, A
mixture of these solvents may be used.

[0345]

The analgesic action of a cyclic amine derivative (I) or a pharmacologically acceptable
salt thereof, particularly the therapeutic effect on neuropathic pain and fibromyalgia syndrome
can be evaluated by use of an appropriate animal model. As the appropriate animal model
for neuropathic pain, for example, a mouse or rat partial sciatic nerve ligation model

(Malmberg et al., Pain, vol. 76, p. 215-222, 1998) or a mouse or tat spinal nerve ligation
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model (Kim et al., Pain, vol. 50, p. 355-363, 1992) can be mentioned. As the appropriate
animal model for fibromyalgia syndrome, for example, rat fibromyalgia syndrome models
(Sluka et al., Journal of Pharmacology and Experimental Therapeutics, vol. 302, p. 1146-1150,
2002; Nagakura et al., Pain, vol. 146, p. 26-33, 2009; Sluka et al., Pain, vol. 146, p. 3-4, 2009)
can be mentioned.

[0346]

The cyclic amine derivative (I) or a. pharmacologically acceptable salt thereof, since it
has an excellent analgesic action, particularly a therapeutic effect on neuropathic pain and/or
fibromyalgia syndrome, can be used as a medicine, preferably used as an analgesic agent, and
particularly preferably as a therapeutic agent for neuropathic pain and/or fibromyalgia
syndrome.

[0347]

In the meantime, pharmaceutical products are required to satisfy strict criteria in view
of all aspects including drug efficacy, safety, pharmacokinetics (e.g., metabolic stability, oral
absorbability and plasma concentration). However, it is veiy difficult to find a compound
satisfying such all requirements in developing pharmaceutical products. For the reason,
pharmaceutical developments of a great many compounds have been stopped because of not
only insufficient drug efficacy but also safety concern and inappropriate pharmacokinetics,
Accordingly, the success probability of new-drug development is extremely low at present.
However, the cyclic amine derivative of ‘the present invention or a pharmacologically
acceplable salt thereof has a strong analgesic effect on pain, particularly neuropathic pain and
fibromyalgia syndrome, less central nervous system side effect, high safety, excellent
pharmacokinetics in view of metabolic stability, oral absorbability and plasma concentration,
and persistence of drug efficacy. Due to these, the cyclic amine derivative of the present
invention can be used as an analgesic agent (a therapeutic agent for neuropathic pain and
fibromyalgia syndrome) that can be administered for prolonged periods.

[0348]
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As the neuropathic pain herein, for example, cancer pain, shingles pain, postherpetic
neuralgia, AIDS-related neuralgia, painful diabetic neuropathy or trigeminal neuralgia can be
mentioned.

[0349]

The "fibromyalgia syndrome” is a symptom diagnosed by a specialist physician as
fibromyalgia syndrome. The diagnosis by a specialist physician is generally made with
reference to the classification standard of the American College of Rheumatology.

[0350]

The cyclic amine derivative (I} or a pharmacologically acceptable salt thereof is useful
for treating acute and chronic pain. The acute pain usually lasts for a short period, and, for
example, postoperative pain, pain after tooth extraction or trigeminal neuralgia can be
mentioned. The chronic pain is defined as pain usually lasting for 3 to 6 months and includes
somatogenic pain and psychogenic pain, and, for example, chronic rheumatoid arthritis,
osteoarthritis or postherpetic neuralgia can be mentioned.

[0351]

A medicine containing a cyclic amine derivative (I} or a pharmacologically acceptable
salt as an active ingredient, exerts an excellent analgesic action, particularly a therapeutic
effect on neuropathic pain and/or fibromyalgia syndrome when it is administered to a mammal
(for example, mouse, rat, hamster, rabbit, cat, dog, cow, sheep, monkey or human), especially
to a human.

{0352]

When a cyclic amine derivative (I) or a pharmacologically acceptable salt thereof is
used as a medicine, the cyclic amine derivative (I} or a pharmacologically acceptable salt
thereof directly or in combination with a pharmaceutically acceptable carrier can be orally or
parenterally administered.

[0353]

As the dosage form when a medicine containing a cyclic amine derivative (I) or a

pharmacologically acceptable salt thereof as an active ingredient is orally administered, for

example, tablets (including sugar-coated and film-coated tablets), pills, granules, powders,
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capsules (including soft capsules and micro capsules), syrups, emulsions or suspensions can be
mentioned. As the dosage form when a medicine containing a cyclic amine derivative (I) or
a pharmacologically acceptable salt thereof as an active ingredient is parenterally administered,
for example, injections, infusions, drops, suppositories, endermic liniments or adhesive
patches can be mentioned. It is further effective to prepare a sustained-release formulation
by using an appropriate base (for example, a butyric acid polymer, a glycolic acid polymer, a
butyric acid-glycolic acid copolymer, mixtures of a butyric acid polymer and a glycolic acid
polymer, or a polyglycerol fatty acid ester) in combination.

[0354]

Formulations having the aforementioned dosage forms can be prepared in a¢cordance
with production methods known in the field of drug formulation. In this case, if necessary,
production can be made by adding an excipient, a binder, a lubricant, a disintegrating agent, a
sweetening agent, a surfactant, a suspending agent: or an emulsifying agent, which is generally
used in the field of drug formulation.

[0355]

Tablets can be prepared, for example, by adding an excipient, a binder, a disintegrating
agent or a lubricant. Pills and granules can be prepared by adding, for example, an excipient,
a binder or a disintegrating agent. Powders and capsules can be prepared by adding, for
example, an excipient. Syrups can be prepared by adding, for example, a sweetening agent.
Emulsions or suspensions can be prepared by adding, for example, a surfactant, a suspending
agent or an emulsifier.

[0356]

As the excipient, for example, lactose, glucose, starch, sucrose, microcrystalline
cellulose, powdered glycyrrhiza, mannifol, sodium hydrogen carbonate, calcium phosphate or
calcium sulfate can be mentioned.

[0357]

As the binder, for example, a starch paste solution, a gum arabic solution; a gelatin

solution, a tragacanth solution, a carboxymethylcellulose solution, a sodium alginate solution

or glycerin can be mentioned.
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[0358]

As the disintegrating agent, for example, starch or calcium carbonate can be mentioned.
0359}

As the lubricant, for example, magnesiuum stearate, stearic acid, calcium stearate or
purified talc can be mentioned.

[6360]

As the sweetening agent, for example, glucose, fructose, invert sugar, sorbitol, xylitol,
glycerin or simple syrup can be mentioned.
[0361]

As the surfactant, for example, sodium lauryl sulfate, polysorbate 80, sorbitan
monofatty acid ester or stearic acid polyoxyl 40 can be mentioned.
[0362]

As the suspending agent, for example, Gum arabic, sodium alginate, sodium
carboxymethylcellulose, methyl cellulose or bentonite can be mentioned.
[0363]

As the emulsifier, for example, Gum arabic, tragacanth, gelatin or polysorbate 80 can
be mentioned,
T0364]

When a medicine containing a cyclic amine derivative (I) or a pharmacologically
acceptable salt thereof as an active ingredient is prepared in the aforementioned dosage forms,
a coloring agent, a preserving agent, a fragrance, a flavoring agent, a stabilizer or a thickener
generally used in the field of drug formulation can be added.

10365]

The dose per day of a medicine containing a cyclic amine derivative (I} or a
pharmacologically acceptable salt thereof as an active ingredient varies depending upon e.g.,
the state or body weight of the patient or the type or administration route of a compound.  For
example, in the case of oral administration to an adult {weight: about 60 kg), the amount of the
cyclic amine derivative {I) or a pharmacologically acceptable salt thereof serving as an active

ingredient falls within the range of 1 to 1000 mg and administration is preferably made in 1 to
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3 divided doses. For example, in the case of parenteral administration to an adult (weight:
about 60 kg) by an injectable solution, the amount of the cyclic amine derivative (I) or a
pharmacologically acceptable salt thercof serving as an active ingredient in e.g., an injection,
falls within the range of 0.01 to 100 mg per body weight (1 kg). The injectable solution is
preferably intravenously administered.
[0366]

A cyclic amine derivative (I) or a pharmacologically acceptable salt thereof may be
used in combination with other medicinal agents in an appropriate blending ratio in order {o
supplement or erthance a therapeutic or prophylactic effect or reduce the dose. 1In this case,
as the other medicinal agents, for example, an antidepressant such as amitriptyline,
milnacipran or duloxeting; an anxiolytic such as alprazelam; an anticonvulsant such as
carbamazepine; a local anesthetic such as lidocaine; a sympathetic agonist such as adrenaline;
an NMDA receptor antagonist such as ketamine; a GABA transaminase inhibitor such as
sodium valproate; a caleium channel blocker such as pregabalin; a serotonin receptor
antagonist such as risperidone; a GABA receptor function enhancer such as diazepam; or an

anti-inflammatory drug such as diclofenac can be mentioned.

Examples
[0367]

The present invention will be described in detail below with reference to Examples,
Comparative Examples and Reference Examples; however, the present invention is not limited
to them,

[0368]

In the following description, the names of the solvents shown in the NMR data
represent the solvents used in the measurement. The 400 MHz NMR spectra were measured
by using INM-AL 400 series Nuclear Magnetic Resonance (NMR) spectrometer (JEOL, Lid.).
Chemical shifts are expressed by & (unit: ppm) using tetramethylsilane as the reference, and
the respective signals, respectively have the following meanings: s (singlet}, d (doublet), t

(triplet), q (quartet), quint (quintet), sept (septet), m (multiplet), br (broad), dd (double
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doublet), dt (double triplet), ddd (double double doublet), dq (double quartet), td (triple
doublet), and t (iriple triplet). The ESI-MS spectra were measured by using Agilent
Technologies 1200 Series, G6130A (from Agilent Technology). Commercially available
products were used for all the solvents. For flash column chromatography, YFLC W-
prep2 XY (from YAMAZEN) was used.

[0369]

Purification by HPLC was performed in the following conditions,

Apparatus: K-Prep system manufactured by Kabushiki Kaisha Kyoto Chromato

Column: CHIRALPAK IC, 50 x 250 mm (manufactured by Daicel Corporation)

Solvent: 0.01% cthylenediamine-containing n-hexane/ethanol = 60:40 (v/v)

Flow rate: 35 mL/min

Detection method: UV 220 mn

Column temperature: 40°C
[0370]

Raw materials and intermediates of cyclic amine derivatives (I) were synthesized by
the methods described in the following Reference Examples. Note that commercially-
available products were used for the compounds used in synthesizing the compounds of
Reference Examples for which synthesis methods are not described below.

[0371]

{Reference Example 1) Synthesis of crude 4-ethylmethylaminopiperidine:

[Formula 22]

H,yC

N
H,C”
NH

Ethylmethylamine (0.230 mL, 2.68 mmol), acetic acid {0.0120 mL, 0.214 mmol), and
sodium triacetoxyborohydride (0.681 g, 3.22 mmol) were added to a solution of benzyl 4-
oxopiperidine-1-carboxylate (0.500 g, 2.14 mmol) in dichloromethane (12.0 mL) at 0°C, and.
the reaction liquid was stirred at room temperature for 16 hours. The reaction liquid was

cooled to 0°C. A saturated aqueous solution of sodium hydrogencarbonate was added to the
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reaction liquid, and the resulting mixture was extracted with chloroform. The organic layer
was dried over anhydrous sodium sulfate and filtered, and the filirate was concentrated under
reduced pressure. The residue was purified by flash column chromatography (NH silica gel,
chloroform/methanol). The obtained crudely purified product was dissolved in methanol (8.0
mL), and palladium/carbon (10% wet, 0.185 g, 0.174 mmol) was added thereio at room
temperature, and the resulting mixture was stirred under hydrogen atmosphere for 16 hours.
The reaction liquid was filtered through Celite, and the filirate was concenirated under reduced
pressure to obtain a crude product of 4-ethylmethylaminopiperidine.
[0372]

(Reference Example 2) Synthesis of crude 4-diethylaminopiperidine:
[Formula 23]

H3cﬁ

HsC._N
T

Diethylamine (0.276 mL, 2.68 mmol)_',. acetic acid (0.0120 mL, 0.214 mmol), and
sodium triacetoxyborohydride (0.681 g, 3.22 mmol) were added to a solution of benzyl 4-
oxopiperidine-1-carboxylate (0.500 g, 2.14 mmol) in dichloromethane (12.0 mL) at 0°C, and
the reaction liquid was stirred at room temperature for 16 hours. The reaction liquid was
cooled to G°C. A saturated aqueous solution of sodium hydrogencarbonate was added to the
reaction liquid, and the resulting mixture was extracted with chloroform. The organic layer
was dried over anhydirous sodium sulfate and filtered, and the filtrate was concentrated under
reduced pressure.  The residue was purified by flash column chromatography (NH silica gel,
chloroform/methanol). The obtained crudely purified product was dissolved. in methanol (8.0
mL), and palladivm/carbon (10% wet, 0.180 g, 0.169 mmol) was added thereto at room
temperature, and the resulting mixture was stirred under hydrogen atmosphere for 16 hours.
The reaction liquid was filtered through Celite, and the filtrate was concentrated under reduced
pressure to obtain a crude product of 4-diethylaminopiperidine.

[0373]
(Reference Example 3) Synthesis of 4-(1-methylpiperazin-4-yl)piperidine:
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[Formula 24]

HSC\N

LN
o)

1-Methylpiperazine (0.905 g, 9.03 mmol), acetic acid (0.497 g, 8.28 mmol) and sodium
triacetoxyborohydride (1.92 g, 9.03 mmol) were added to a solution of 1-tert-butoxycarbonyl-
4-piperidinone (1.50 g, 7.53 mmol) in dichloromethane (25.0 mL) at 0°C and the reaction
liquid was stirred at room temperatore for 16 hours. The reaction liquid was cooled to 0°C.
A saturated aqueous solution of sodium hydrogencarbonate was added to the reaction liquid,
and the resulting mixture was extracted with dichloromethane. The organic layer was dried
over anhydrous sodium sulfate and filtered, and the filtrate was concentrated under reduced
pressure. The residue was dissolved in hydrochloric acid (1.0 N), and the resulting mixture
was extracted with ethyl acetate. A 48% aqueous solution of sodium hydroxide was added to
the aqueous layer for basification, and then the resulting mixture was extracted with
dichloromethane. The organic layer was dried over anhydrous sodium sulfate and filtered,
and the filtrate was concentrated under reduced pressure. The residue was dissolved in
methanol (25.0 mL), and concentrated hydrochloric acid (5.0 mL) was added, and then the
resulting mixture was stirred at 40°C for 12 hours. The reaction liquid was concenirated
under reduced pressure, and then the residue was dissolved in distilled water. A 48%
aqueous solution of sodium hydroxide was added for basification, -and then the resulting
mixture was extracted with dichloromethane. The organic layer was dried over anhydrous
sodium sulfate and filtered, the filtrate was concentrated under reduced pressure, and 4-(1-
methylpiperazin-4-yDpiperidine (0.826 g, 4.51 mmol, 60%) was obtained as a white solid.
"H-NMR (400 MHz, CDCls) &: 1.35 (2H, dd, J=12.0, 3.6 Hz), 1.41 (2H, dd, ]=12.0, 3.6 Hz),
1.85 (2H, d, J=12.8 Hz), 1.96-2.06 (2H, br), 2.28 (3H, s), 2.32 (1H, i1, J=11.6, 3.6 Hz), 3.37-
3.70 (8H, m), 3.14 (2H, d, J=12.8 Hz).
ESIMS: m/z= 169 (M+H)",
[0374]
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(Reference Example 4) Synthesis of crude (R)-3-dimethylaminopiperidine
hydrochloride:
[Formula 25]

HaC. O\JH
N

CH,  +2HCI

An aqueous solution of formalin (35 wt%o, 0.884 mL, 11.2 mmol), acetic acid (0.0290
mL, 0.499 mmol) and sodium triacetoxyborohydride (1.11 g, 5.24 mmol) were added to a
solution of (R)-tert-butyl 3-aminopiperidine-1-carboxylate (0.500 g, 2.50 mmol) in
dichloromethane (12.0 mL) at 0°C and the reaction liquid was stirred at room temperature for
16 hours. The reaction liquid was cooled to 0°C. A saturated agueous solution of sodium
hydrogencarbonate was added to the reaction liquid, and the reaction liquid was extracted with
chloroform. The organic layer was dried over anhydrous sodium sulfate and filtered, and the
filtrate was concentrated under reduced pressure. The residue was purified by flash column
chromatography (NH silica gel, chloroform/methanol).  1,4-Dioxane {10.0 mL) was added to
the resulting residue at room temperature and dissolved the residue. A solution of hydrogen
chloride in I4-dioxane (4.0 N, 3.74 mL, 14.9 mmol) was added to the reaction liquid at room
temperature and the reaction liquid was stirred at the same temperature for 3 hours. A white
solid was precipitated, filtered and collected, washed with hexane, and dried at room
temperature to obtain (R)-3-dimethylaminopiperidine hydrochloride as a crude product.
[0375]

(Reference Example 5) Synthesis of 1-(4-(dimethylamino)piperidin-1-yl)ethanone:
[Formula 26]

Gt

Hac’N\O
| N\n/CHs

0

Pyridine (0:922 mL, 9.75 mmol} and acetic anhydride (0.946 mL, 11.7 mmol} were
added to a solution of 4-dimethylaminopiperidine (1.00 g, 7.79 mmol) in dichloromethane (7.8
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mL) at 0°C and the reaction liquid was stirred at room temperature for 16 hours. A saturated
aqueous solution of sodium hydrogencarbonate was added to the reaction liquid, and the
reaction liquid was extracted with chloroform. The organic layer was washed with a 10%
aqueous solution of sodinm chleride, dried over anhydrous sodium sulfate and filtered. The
filtrate was concentrated under reduced pressure. The residue was purified by flash column
chromatography (NH  silica  gel,  chloroform/methanol) to. obtain  1-{4-
(dimethylamino)piperidin-1-yl)ethanone (0.869 g, 6.78 mmol, 87%) as a colorless-oil.
'H-NMR (400 MHz, CDCl3) 8: 1.30-1.47 (2H, m), 1.79-1.92 (2H, m), 2.10 (3H, s), 2.25-2.40
(7H, m), 2.53-2.63 (1H, m), 3.01-3.11 (1H, m), 3.81-3.90 (1H, m), 4.58-4.66 (1H, m).
ESI-MS: m/z= 171 (M+H)".
[0376]

{Reference Example 6) Synthesis of 1-ethyl-1H-imidazole-2~carbaldehyde:
[Formula 27]

e
Q

A solution of n-butyllithium in n-hexane (1.6 M, 7.15 mL, 11.4 mmol) was added
dropwise to a solution of 1-ethyl-1H-imidazole (1.00 g, 10.4 mmol) in tetrahydrofuran (26
‘mL) at -78°C and the reaction liquid was stirred at the same temperature for 1 hour. N,N-
-dimethylformamide (2.42 mL, 31.2 mmol) was added to the reaction liquid at the same
temperature, and the reaction liquid was stirred for 1 hour, and then, the temperature of the
reaction liguid was raised fo room temperature. A saturated aqueous solution of ammoniom
chloride was added to the reaction liquid and then the reaction liquid was exiracted with ethyl
acetate. The organic layer was washed with a 10% aqueous solution of sodium chloride, and
then dried over anhydrouvs sodium sulfate and filtered. The filtrate was concentrated under
reduced pressure. The residue was purified by flash column chromatography (silica gel,
hexane/ethyl acetate) to obtain l-ethyl-1H-imidazole-2-carbaldehyde (1.12 g, 9.02 mmol,
87%) as a yellow oil.
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'H-NMR (400 MHz, CDCL;) 8: 1.44 (3H, ¢, J=7.6 Hz), 4.45 (2H, q, J=7.6 Hz), 7.18 (1H, s),
7.28 (111, d, }=1.6 Hz), 9.82 (1H, 5).

[0377]
(Reference Example 7) Synthesis of 1-(2,2,2-trifluoroethyl)-1H-imidazole-2-
carbaldehyde:

[Formula 28]
R F

Dess-Martin reagent (1.02 g, 240 mmol) was added to a solution of (1-(2,2,2-
trifluoroethyl)-1 H-imidazol-2-yl)methanol (0.360 g, 2.00 mmol) in dichloromethane {20.0
mL) at 0°C and the resultant mixture was stirred at room temperature for 1 hour. The
reaction liquid was filtered through Celite, and the filtrate was concentrated under reduced
pressure. The residue was purified by flash column chromatography (silica gel, hexane/ethyl
acetate) to obtain 1-(2,2,2trifluoroethyl}-1 H-imidazole-2-carbaldehyde (0.335 g, 1.88 mmol,
94%) as a white solid,

'H-NMR (400 MHz, CDCL) 8:5.16 (2H, q, J=8.0 Hz), 7.25 (1H, brs), 7.38 (1H, brs), 9.83-
9.85 (1H, m).

ESI-MS: m/z= 179 (M+H)".

[0378]

(Reference Example 8) Synthesis of ethyl 1-(difluoromethyl)-1H-imidazole-2~
carboxylate:

[Formula 29]
{
F
N”%
H3CVOY1<~N
O
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Potassium carbonate (1.28 g, 9.28 mmol) and sodium chlorodifluoroacetate (1.31 g,
8.56 mmol) were added to a solution of ethyl 1H-imidazole-2-carboxylate (1.00 g, 7.14 mmol)
in acetonitrile (35 mL) at room temperature and the resultant mixture was stirred at 60°C for
24 ‘hours. Further, potassium carbonate (0.640 g, 4.63 mmol) and sodium
chlorodifluoroacetate (0.660 g, 4.33 mmol) were added at room temperature and the reaction
liquid was stirred at 80°C for 8 hours. The reaction liquid was cooled to room temperature
and distilled water was added io the reaction liquid and the reaction liquid was extracted with
«ethyl acetate. The organic layer was washed with a 10% aqueous solution of sodium chloeride,
dried over anhydrous sodium sulfate and filtered. The filtrate was concentrated under
reduced pressure. The residue was purified by flash column chromatography (silica gel,
hexane/ethyl acetate) to obtain ethyl 1-(difluoromethyl)-1H-imidazole-2-carboxylate (0.838 g,
4.41 mmol, 62%) as a colorless oil.
"H-NMR (400 MHz, CDCl3) 8: 1.46 (3H, t, J=7.2 Hz), 447 (2H, q, 3=7.2 Hz), 7.28 (1H, s),
7.53 (11, d, J=1.6 Hz), 8.16 (1H, t, I=60.8 Hz}.
[0379]

(Reference Example 9) Synthesis of ethyl 1-methyl-1H-imidazole-2-carboxylate:
[Formula 30]

H3C, N
A\
H3CVO\[(g\>
O

Triethylamine (3.40 mL, 24.4 mmol) and ethyl chloroformate (2.34 mL, 24.4 mmol)
were added to a solution of 1-methyl-1H-imidazole (1.00 g, 12.2 mmol) in acetonitrile (4.0
mL) at 0°C and the reaction liquid was stitred at room temperature for 16 hours. The
reaction liquid was filtered through Celite and the. filtrate was concentrated under reduced
pressure. The residue was purified by flash column chromatography (silica gel, hexane/ethyl
acetate) to obtain ethyl 1-methyl-1H-imidazole-2-carboxylate (1.50 g, 9.73 mmol, 80%) as a
white solid.
'H-NMR (400 MiHz, CDCly) 8: 1.42 (3H, t, J=7.2 Hz), 4.01 (3H, s), 4.40.(2H, q, J=7.2 Hz),
7.01-7.03 (1H, m}, 7.13-7.15 (1H, m).
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ESI-MS: m/z= 155 (M+H)".
[0380]

(Reference Example 10) Synthesis of ethyl 3-(1-methyl-1H-imidazol-2-y[)-3-
oxopropanoate:

[Formula 31]

H3C,
N’\>
HszO\(\"/‘Q‘N
O 0O

An aqueous solution of sodium hydroxide (1.0 N, 14.6 mL, 14.6 mmol}) was added to a
solution of ethyl 1-methyl-1H-imidazole-2-carboxylate (1.50 g, 9.73 mmol) in methanol (15.0
mlL} at room temperature and the reaction liquid was stirred at the same temperature for 3
hours. The reaction liquid was cooled to 0°C.  Hydrochloric acid (1.0 N) was added to the
reaction liquid for neutralization, and then the reaction liquid was concentrated under reduced
pressure. The residue was subjected to azeotropic distillation with toluene, and ethanol was
added. The precipitate was filtered through Celite, and the filtrate was concentrated under
reduced pressure. The resulting crude product was dissolved in acetonitrile (7.0 mlL) and
carbonyldiimidazole (1.54 g, 9.52 mmof) was added at room temperature. The reaction
liquid was stirred at the same temperature for 2.5 hours (reaction liquid A). Separately,
magnesium chloride (0.997 g, 10.5 mmol) was dissolved in acetonitrile (7.0 mL) and a
potassium salt of ethyl malonate (1.70 g, .99 minel) and triethylamine {2.98 mL, 21.4 mmol)
were added af room temperature.  The reaction liquid was stirred at the same temperature for
2.5 hours (reaction liquid B). Reaction lignid A was added to. reaction Iiquid B at room
temperature and the reaction liquid was stirred at 80°C for 2 hours. The reaction liquid was
cooled to room temperature.  After hydrochloric acid (1.0 N) was added to the reaction liquid,
the reaction liquid was extracted with ethyl acetate. The organic layer was washed with a
10% aqueous solution of sodium chloride, dried over anhydrous sodium sulfate and filtered.
The filtrate was concentrated under reduced pressure. The residue was purified by flash
column chromatography (silica gel, hexane/ethyl acetate) to obtain ethyl 3-(1-methyl-1H-
imidazol-2-yl)-3-oxopropanoate (0.721 g, 3.67 mmol, 38%) as a white solid.
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'H-NMR (400 MHz, CDCls) 8: 1.27 (3H, t, I=7.2 Hz), 4.01 (3H, s), 4.13 (2H, s), 4.21 (2H, q,
J=7.2 Hz), 7.05-7.07 (1H, m}, 7.15-7.17 (I'H, m).
ESI-MS: m/z=197 (M+H)".
[0381]

(Reference Example 11) Synthesis of 1-(4-(ethylmethylamino)piperidin-1-yi)-3-(1-
methyl-1H-imidazol-2-yl)propan-1,3-dione:
[Formula 32]

N

HaC,
Hac’N\O 3 N’\>
Ny

o O

HzC

Crude 4-ethylmethylaminopiperidine (0.130 g, 0.917 mmol) was added to a solution of
ethyl 3-(1-methyl- 1 H-imidazol-2-yl)-3-oxopropanoate (0.150 g, 0.765 mmol} in toluene (0.38
mL) at room temperature. The reaction liquid was stirred at 110°C for 10 hours and
concentrated under reduced pressure,  The residue was purified by flash column
chromatography  (NH  silica  gel,  chloroform/methanol) to  obtain  1-(4-
(ethylmethylamino)piperidin-1-yl}-3-(1-methyl-1H-imidazol-2-yl)propan-1,3-dione (0.191 g,
0.653 mmol, 85%) as a colorless oil.
'H-NMR (400 MHz, CDCly) &: 1.06 (3H, t, I=7.2 Hz), 1.40-1.70 (2H, m), 1.76-1.85 (2H, m),
2.25 (3H, 8), 2.48-2.67 (4H, m), 3.03-3.13 (1H, m), 3.82-3.90 {1H, m), 4.01 (3H, 5), 4.15-4,30
(2H, m), 4.62-4.70 (1H, m), 7.03-7.05 (1H, m), 7.13-7.15 (LH, m).
ESI-MS: m/z= 293 (M+H)".
[0382]

(Reference Example 12) Synthesis of 1-(4-(diethylamino)piperidin-1-yl)-3~(1-methyl-
1H-imidazo!-2-yl)propan-1,3-dione:
[Formula 33}
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HsC.

B

HaC N HsC\N,\>
o 0

Crude 4-diethylaminopiperidine {0.143 g, 0.917 mmol) was added to a solution of ethyl
3-(1-methyl-1H-imidazol-2-y1)-3-oxopropancate (0.150 g, 0.765 mmol) in toluene {0.38 mL)
at room temperature.  The reaction liquid was stirred at 110°C for 10 hours and concentrated
under reduced pressure. The residue was purified by flash column chromatography (NH
silica gel, chloroform/methanol) to obtain 1-(4-(diethylamino)piperidin-1-y1)-3-(1-methyl-1H-
imidazol-2-yl)propan-1,3-dione (0.0750 g, 0.245 mmol, 32%) as a colorless oil.

'H-NMR (400 MHz, CDCly) 8: 1.02 (6H, t, J=6.8 Hz), 1.37-1.58 (2H, m), 1.73-1.98 (2H, m),
2.48-2.78 (6H, m), 3,01-3.11 (1H, m}, 3.80-3.88 (1H, m), 4.00 (3H, s), 4.14-4.28 (2H, m),
4.60-4.70 (1H, m), 7.03-7.05 (1H, m}, 7.12-7.14 (1H, m).

ESI-MS: m/z= 307 (M+H)",

- [0383]

(Reference Example 13) Synthesis of 1-(I-methyl-1H-imidazol-2-yl)-3-(4-(4-
methylpiperazin-1-yl)piperidin-1-yl)propan-1,3-dione:
[Formula 34|

H3C\N/\I
N

MY

4~(1-Methylpiperazin-d4-yDpiperidine (0.170 g, 0.927 mmol) was added to a sclution of
ethyl 3-(1-methyl-1H-imidazol-2-yl)-3-oxopropanocate (0.200 g, 1.02 mmol) in toluene (0.46
mL)} at room temperature. The reaction liquid was stirred at 110°C for 16 hours and
concentrated under reduced pressure.  The residue was purified by flash column
chromatography {NH silica: gel, chloroform/methanol) to obtain 1-(l-methyl-1H-imidazol-2-
y1}-3-(4-(4-methylpiperazin-1-yhpiperidin-1-ylpropan-1,3-dione ((.290 g, 0.870 mmol, 94%)

as a colorless oil.
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"H-NMR (400 MHz, CDCl;) 8: 1.38-1.60 (2H, m), 1.82-1.90 (2H, m), 1.95-2.10 (1H, m), 2.27
(3H, s), 2.36-2.68 (9H, m), 3.02-3.12 (1H, m), 3.79-3.88 (1H, m), 3.98 (3H, s), 4.13-4.28 (2H,
m), 4.57-4.90 (1H, m), 7.02-7.04 (1H, m), 7.13-7.13 (1H, m).
ESI-MS: m/z= 334 (M+H)".
[0384]

(Reference Example 14) Synthesis of (R)-1-(3-(dimethylamino)piperidin-1-yl)-3-(1-
methyl-1H-imidazol-2-yl)propan-1,3-dione:
[Formula 35]

O Hac\N,\>
Hsc‘l}l"‘ _N\H/Y“QN
CH, o O
Crude (R)-3-dimethylaminopiperidine hydrochloride (0.186 g, 0.927 mmol) and
diisopropylethylamine {0.809 mL, 4.63 mmol) were added to ethyl 3-(1-methyl-1H-imidazol-
2-yl)-3-oxopropanoate (0.200 g, 1.02 mmol) at room temperature. The reaction liquid was
stirred at 110°C for 12 hours and concentrated under reduced pressure. The residue was
‘purified by flash column chromatography (INH silica gel, chloroform/methanol) to obtain (R)-
1-(3-(dimethylamino)piperidin-1-yl)-3-(1-methyl- 1 H-imidazo!-2-yl)propan-1,3-dicne (0.140 g,
0.503 mmol, 54%) as a colorless oil,
'H-NMR (400 MHz, CDCl3) 8: 1.35-1.85 (2H, m), 1.97-2.07 (11, m), 2.16-2.38 (7H, m),
2.42-2.68 (1H, m), 2.87-3.05 (1H, m), 3.63-3.76 (1H, m), 3.84-4.02 (4H, m), 4.12-4.32 (211,
m), 4.53-4.70 {1H, m), 7.03-7.05 (1H, m), 7.13-7.15 (1IL, m).
ESI-MS: m/z=279 (M+H)".
[0385]
(Reference Example 15) Synthesis of (R)-1-(3-(dimethylamino)pyrrolidin-1-yl)}-3-(1-
methyl-1H-imidazol-2-yl)propan-1,3-dione:
[Formula 36]

HaC My
3
1N|"C||\\| ) __:_\>
HsC N
0 O
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(R)-3-dimethylaminopyrrolidine (0.106 g, 0.927 mmol} was added to ethyl 3-(1-
methyl-1H-imidazol-2-yl)-3-oxopropanoate (0.200 g, 1.02 mmel) at room temperature. The
reaction liquid was stirred at 110°C for 6 hours and concentrated under reduced pressure.
The residue was purified by flash column chromatography (NH silica gel,
chloroform/methanol) to obtain (R)-1-(3-(dimethylamino)pyrrolidin-1-y1)-3-(1-methyl-1H-
imidazol-2-yl)propan-1,3-dione (0.220 g, 0.832 mmol, 90%) as a colorless oil.

'H-NMR (400 MHz, CDCL) &: 1.62-2.22 (6H, m), 1.85-1.98 (1H, m), 2.07-2.22 (1H, m),
2.65-2.87 (1H, m), 3.18-3.90 (4H, m), 4.00 (3H, s), 4.12-4.16 (2H, m), 7.03-7.05 (1H, m),
7.12-7.14 (1H, m).

ESI-MS: m/z= 265 (M+H)".

[0386]

(Reference Example 16) Synthesis of 1-(4-(dimethylamino)piperidin-1-y1}-3-(1-
methyl-1H-imidazol-2-yl)propan-1,3-dione:
[Formula 37]

ch
N HsC,
HyC” N
\OQYYQ
N
C o]

A solution of lithiuni diisopropylamide in tetrahydrofuran (2.0 M, 7.05 mL, 14.1 mmol)
was added dropwise to a solution of 1-(4-(dimethylamine)piperidin-1-yljethanone (1.00 g,
5.87 mmol) in tetrahydrofuran (20 mL) at -78°C and. the reaction liquid was stirred at the same
temperature for 1 hour. A solution of ethyl 1-methyl-1H-imidazole-2-carboxylate (1.09 g,
7.05 mmol) in tetrahydrofuran (9.0 mL) was added to the reaction liquid at the same
temperature. The reaction liquid was stirred for 1 hour and then stirred at 0°C for further 1
hour. A saturated aqueous solution of ammonium chloride and an aqueous solution of
potassium carbonate were sequentially added to the reaction liquid and then the reaction liguid
was extracted with chloroform. The organic layer was washed with a 10% aqueous solution
of sodium chloride and then dried over anhydrous sodium sulfate and filtered. The filtrate
was concentrated under reduced pressure.  The residue was purified by flash column

chromatography (NH  silica gel, hexane/ethyl acetate) to  obtain  1-(4-
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{dimethylamino)piperidin-1-y1}-3-(1-methyl-1H-imidazol-2-yl)propan-1,3-dione  (0.990 g,
3.56 mmol, 61%) as a colorless oil.
'H-NMR (400 MHz, CDCl5) &: 1.32-1.5 (2H, m), 1.80-1.94 (2H, m), 2.22-41 (71, m), 2.60-
2.70 (1H, m), 3.03-3.13 (1H, m), 3.80-3.89 (1H, m), 4.01 (3H, s}, 4.23 (2H, dd, J=15.6, 36.8
Hz), 4.55-4.67 (1H, m), 7.05 (1H, s), 7.14 (1H, s).
ESI-MS: m/z= 279 (M+H)",
[0387]

(Reference Example 17) Synthesis of 1-(1-(difluoromethyl)-1H-imidazol-2-y1)-3-(4-
{dimethylamino)piperidin-1-yl)propan-1,3-dione:
[Formula 38]

A solution of lithium diisopropylamide in tetrahydrofuran (2.0 M, 2.19 mL, 4.37 mmol)
was added dropwise to a solution of 1-(4-(dimethylamino)piperidin-1-yijethanone (0.310 g,
1.82 mmol) in tetrahydrofuran (6.0 mL) at -78°C and the reaction liquid was stirred at the
same temperature for 1 hour. A solution. of ethyl 1-(difluoromethyl)-1H-imidazole-2-
carboxylate (0.415 g, 2.19 mmol} in tetrahydrofuran (3.0 mL) was added to the reaction liquid
at the same temperature. The reaction liquid was stirred for 1 hour and stirred at 0°C for
further | hour. A saturated aqueous solution of ammonium chloride, an aqueous solution of
potassium carbonate were sequentially added to the reaction liquid and then the reaction liquid
was extracted with chloroform. The organic layer was washed with a 10% aqueous solution
of sodium chloride and then dried over anhydrous sodivm sulfate and filtered. The filtrate
was concentrated under reduced pressure. The residue was purified by flash column
chromatography (NH silica gel, hexane/ethyl acetate} to obtain 1-(1-(difluoromethyl)-1H-
imidazol-2-y1)-3-(4-(dimethylamino)piperidin-1-yDpropan-1,3-dione (0.311 g, 0.989 mmol,
54%) as a yellow cil.
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'"H-NMR (400 MHz, CDCly) §: 1.38-1.58 (2H, m), 1.80-1.94 (2H, m), 2.05 (6H, s), 2.31-2.42
(1H, m), 2.63-2.72 (1H, m), 3.08-3.18 (1H, m), 3.79-3.86 (1H, m), 4.22 (2H, dd, }=15.6, 24.6
Hz), 4.55-4.62 {(1H, m), 7.27 (1H, s}, 7.55 (1H, s), 8.08 (1LH, t, J=60.8 Hzx).
ESI-MS: m/z= 315 (M+H)".
[0388]

(Example 1) Synthesis of 1-(4-(ethylmethylamino)piperidin-1-yl)-3-hydroxy-3-(1-
methyl-1H-imidazol-2-y})propan-1-one:
[Formula 391

] HaC.

N N
HiC” N A

O OH

HsC

Sodium borohydride (0.0220 g, 0.582 mmol) was added to a solution of 1-(4-
(ethylmethylamino)piperidin-1-yl)-3-(1-methyl-1H-imidazol-2-yl)propan-1,3-dione {0.160 g,
0.547 mmol) in methanol (2.7 mL) at room temperature and the reaction liquid was -stirred at
the same temperature for 3 hours. A saturated aqueous solution of sodium
hydrogencarbonate was .added to the reaction liquid and the reaction liquid was concentrated
under reduced pressure. Distilled water was added to the residue and the reaction liquid was
extracted with chloroform. The organic layer was washed with a 10% aqueous solution of
sodium chloride and then dried over anhydrous sodium sulfate and filtered. The filtrate was
concentrated under reduced pressure.  The residue was purified by flash column
chromatography  (NH  silica  gel,  chlorofornymethanol) to  obtain  1-(4-
(ethylmethylamino)piperidin-1-y1)-3-hydroxy-3-(1-methyl-1H-imidazol-2-yl)propan-1-one
(0.0699 g, 0.237 mmol, 43%) (hereinafter referred to as the compound of Example 1) as a
colorless oil.

'H-NMR (400 MHz, €DCl) &: 1.02-1.10 (3H, m), 1.35-1.58 (2H, m), 1.78-1.88 (2H, m),
2.23-2.25 (3H, m), 2.56-2.67 (4H, m), 2.98-3.09 (2H, m), 3.13-3.23 (1H, m), 3.77 (3H, s),
4,00-4.10 (1H, m), 4.60-4.74 (2H, m), 5.18-5.25 (1H, m), 6.85-6.87 (1H, m)}, 6.92-6.94 {1H,

m).
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ESI-MS: m/z= 295 (M+H)".
[0389]
(Example 2) Synthesis of 1-(4-(diethylamino)piperidin-1-yl)-3-hydroxy-3-(1-methyl-
1H-imidazol-2-yl)propan-1-one:
[Formula 40]
H,C

HaC

\[l\l HsC,
T 9
NNN
O OH

Sodium borohydride (0.0109 g, 0.287 mmol) was added to a solution of 1-(4-
(diethylamino)piperidin-1-yl)-3-(1-methyl- 1H-imidazol-2-yl)propan-1,3-dione  (0.0800 g,
0.261 mmol) in methanol (1.3 mL}) at room temperature and the reaction liquid was stirred at
the same temperature for 3 hours. A saturated aqueous solution of sodium
hydrogencarbonate was added to the reaction liquid and the reaction liquid was concentrated
under reduced pressure. Distilled water was added to the residue and the reaction liquid was
extracted with chloroform. The organic layer was washed with a 10% aqueous solution of
sodium chloride and then dried over anhydrous sodium sulfate and filtered. The filtrate was
concentrated under reduced pressure. The residue was purified by flash column
chromatography (NH silica gel, chloroform/methanol) to obtain 1-(4-(diethylamino)piperidin-
1-y1)-3-hydroxy-3-(1-methyl-1H-imidazol-2-yl)propan-1-one (0.0561 g, 0.182 mmol, 70%)
(hereinafter referred to as the compound of Example 2) as a colorless oil,

'H-NMR (400 MHz, DMSO-dg) §: 0.94 (6H, t;, J=6.8 Hz), 1.05-1.75 (5H, m), 2.42-3.10 (8L,
m), 3.64 (3H, s), 3.93-4.02 (1H, my), 4.32-4.43 (1H, m), 5.00-5.08 (1H, m), 5.34-5.42 (1H, m),
6.69-6.71 (1H, m), 7.01-7.03 (1H, m),

ESI-MS: m/z= 309 (M)

[0390]

(Example 3) Synthesis of 3-hydroxy-3-(1-methyl-1H-imidazol-2-yl)-1-(4-(4-
methylpiperazin-1-yl)piperidin-1-yl)propan-1-one:
[Formula 41]
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O OH

Sodium borohydride (0.0360 g, 0.957 munol) was added to a solution of 1-(1-methyl-
1H-imidazol-2-y1)-3-(4-(4-methylpiperazin-1-yl)piperidin-1-yl)propan-1,3-dione  (0.290 g,
0.870 mmol) in methanol (4.4 mL) at room temperature and the reaction liquid was stirred at
the same temperature for 3 hours. A saturated aqueous solution of sodium
hydrogencarbonate was added to the reaction liquid and the reaction liquid was concentrated
under reduced pressure. Distilled water was added to the residue and the reaction liquid was
extracted with chloroform. The organic layer was washed with a 10% aqueous solution of
sodium chioride and then dried over anhydrous sodium sulfate and filtered. The filtrate was
concentrated under reduced pressure. The residue was purified by flash column
chromatography (NH silica gel, chloroform/methanol) to obtain 3-hydroxy-3-(1-methyl-1H-
- imidazol-2-yl)-1-(4-(4-methylpiperazin-1-yl)piperidin-1-yl)propan-1-one . (0.140 g, 0.417
mmol, 48%) (hereinafter referred to as the compound of Example 3) as a colotless oil.
"H-NMR (400 MHz, DMSO-dg) 8: 1.45-1.66 (4H, m), 1.87-1.95 (2H, m), 2.26-2.30(3H, s),
2.38-2.70 (8H, m), 2.98-3.23 (3H, m), 3.77 (3H, s), 4.00-4.10 (1H, m), 4.60-4.70 (2H, m),
5.17-5.25 (1H, m), 6.85-6.88 (LH, m), 6.92-6.95 (1H, m).

ESI-MS: m/z= 336 (M+H)".
[0391]

(Example 4) Synthesis of 1-({R)-3-(3-(dimethylamino)piperidin-1-yl}-3-hydroxy-3-(1-
methyl-1H-imidazol-2-yl)propan-1-one:
[Formula 42]

H,C

3 ~
O 0
A o
H3C\N“ N\[‘/\(LN

CH, O OH
Sodium borohydride (0.0210 g, 0.553 mmol) was added to a. solution of (R)-1-(3-
(dimethylamino)piperidin-1-y1)-3-(1-methyl- 1 H-imidazol-2-yl)propane-1,3-dione  (0.140 g,
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0.503 mmol) in ethanol (2.5 mlL) at room temperature and the reaction liquid was stirred at the
same temperature for 3 hours. A saturated aqueous solution of sodium hydrogencarbonate
was added to the reaction liquid and the reaction liquid was concentrated under reduced
pressure. Distilled water was added to the residue and the reaction liquid was extracted with
chloroform. The organic layer was washed with a 10% aqueous solution of sodium chloride
and then dried over anhydrous sodium sulfate and filtered. The filtrate was concentrated
under reduced pressure. The residue was purified by flash column chromatography (INH
silica. gel, chloroform/methanol) to obtain 1-((R)-3-(3-(dimethylamino)piperidin-1-y1)-3-
hydroxy-3-(1-methyl-1H-imidazol-2-yl)propan-1-one (0.120 g, 0.428 mmol, 85%) (hereinafter
referred to as the compound of Example 4) as a colorless oil.
'H-NMR (400 MHz, DMSO-dg) 8: 1.33-1.43 (14, m), 1.57-1.90 (1H, m), 2.14-2.24 (6H, m),
2.45-2.54 (4H, m), 2.75-3.06 (3H, m), 3.63-4.40 (5H, m), 4.99-5.08 (1H, m), 5.32-5.42 (1H,
m), 6.70-6.73 (1H, m}, 7.01-7.03 (1H, m).
ESI-MS: m/z= 281 (M+H)".
[0392]

(Example 5) Synthesis of 1-((R)-3-(dimethylamino)pyrrolidin-1-yl)-3-hydroxy-3-(1-
methyl-1H-imidazol-2-yl)propan-1-one:
[Formula 43]

HyC, C\ HsC‘N’\>
Nl N N
HaC \ﬂ/\f/LN
O OH

Sodium borohydride (0.0350 g, 0.916 mmol) was added to a solution of (R)-1-(3-
(dimethylamino)pyrrolidin-1-y1)-3-(1-methyl-1H-imidazol-2-yl)propane-1,3-dione  (0.220 g,
0.832 mmol) in ethanel (4.2 mL) at room temperature and the reaction liquid was stitred at the
same temperature {or 3 hours. A saturated aqueous solution of sodium hydrogencarbonate
was added to the reaction liquid and the reaction liquid was concentrated under reduced
pressure.  Distilled water was added to the residue and the reaction liquid was extracted with
chloroform. The organic layer was washed with a 10% acqueous solution of sodium chloride

and then dried over anhydrous sodium sulfate and filtered. The filtrate was concentrated
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under reduced pressure. The residue was purified by flash column chromatography (silica
gel, chloroform/methanol) to obtain 1-((R)-3-(dimethylamino)pyrrolidin-1-yi)-3-hydroxy-3-
{1-methyl-1H-imidazol-2-yl)propan-1-ane (0.209 g, 0.785 mmol, 94%) (hereinafter referred to
as the compound of Example 5) as a colorless oil.
"H.NMR (400 MHz, DMSO-dg) 8: 1.50-1.78 (1H, m), 1.93-2.18 (7H, m), 2.60-2.95 (3H, m),
3.05-3.80 (7H, m), 4.98-5.07 (1H, m), 5.38-5.43 (1H, m), 6.71-6.73 (1H, m), 7.02-7.04 (1H,
m).
ESI-MS: m/z=267 (M+H)".
[0393]

(Example 6) Synthesis of 1-(4-(dimethylamino)piperidin-1-yl)-3-hydroxy-3-(1-methyl-
1H-imidazol-2-yl)propan-1-one:

[Formula 44]

CHs
N HsC

HaC’N\Q\I ‘N:\>
NN

O OH
A solution of lithium diisopropylamide in tetrahydrofuran (2.0 M, 0.162 mL, 0.323

mmol) was added dropwise to a solution of 1-(4-(dimethylamino)piperidin-1-yl)ethanone
(0.0500 g, 0.294 mmol} in tetrahydrofuran (0.8 mL) at -78°C and the reaction liquid was
stirred at the same temperature for 1 hour. A solution of 1-methyl-1H-imidazole-2-
carbaldehyde (0.0390 g, 0.352 mmol) in tetrahydrofuran (0.4 ml) was added to the reaction
liquid at the same temperature. The reaction liquid was stirred for 1 hour and then stirred at
0°C for further 1 hour. A saturated aqueous solution of ammonium chloride and an aqueous
solution of potassium carbonate were sequentially added to the reaction liquid and then the
reaction liquid was extracted with chloroform. The organic layer was washed with a 10%
aqueous solution of sodium chloride and then dried over anhydrous sedium sulfate and filtered.
The filtrate was concentrated under reduced pressure. The residue was purified by flash
column  chromatography (silica gel, chloroform/methanol) to  obtain  1-(4-
(dimethylamino)piperidin-1-yi)-3-hydroxy-3-(1-methyl-1H-imidazol-2-yl)propan- 1 -one
{0.0220 g, 0.0785 mmol, 27%) as a colorless oil.
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'H-NMR (400 MHz, CDCly) 8: 1.32-1.53 (2H, m), 1.82-1.92 (2H, m), 2.27-2.41 (7H, m),
2.60-2.72 (1H, m), 2.98-3.23 (3H, m), 3.77 (3H, s), 3.99-4.08 (1L, m), 4.58-4.82 (2H, m),
5.18-5.26 (1H, m), 6.86 (1H, s), 6.93 (1H, s).
ESI-MS: t/z= 281 (M+H)",
[0394]

(Example 7) Synthesis of 1-(4-(dimethylamino)piperidin-1-yl1)-3-hydroxy-3-(1-methyl-
1H-imidazol-2-yl)propan-1-one hydrochloride

[Formula 45}

Gt
HaC.

e N Q M?

«2HCI O OH
Hydrochloric acid (1.0 N, 0.086 mL, 0.086 mmol) was added to a solution of 1-(4-

(dimethylamino}piperidin- 1-yl)-3-hydroxy-3-(1-methyl-1H-imidazol-2-yl)propan-1-one
(0.0220 g, 0.0785 mmol) in water (0.156 mL) at 0°C and the reaction liquid was stirred at
room temperature for 15 hours. The reaction liquid was concentrated under reduced pressure
and dried at room temperature to obtain 1-(4-(dimethylamino)piperidin-1-y1)-3-hydroxy-3-{1-
methyl-1H-imidazol-2-yl)propan-1-one hydrochloride (0.0220 g, 0.0623 mmol, 79%)
(hereinafier referred to as the compound of Example 7) as a white solid.
"H-NMR (400 MHz, D,0) &: 1,40-1.70 (2H, m), 1.98-2.10 (2H, m), 2.55-2.68 (1H,m), 2.72-
2.77 (7TH, m), 2.95-3.13 (31, m), 3.36-3.45 (1H, m), 3.76 (3H, s}, 3.97-4.06 (1H, m), 4.38-4.48
(1H, m), 6.40-6.47 (1H, m)}, 7.24-7.28 (2H, m).
ESI-MS: m/z=281 (M+H)",
[0395]

(Example 8) Synthesis of 1-(4-(dimethylamino)piperidin-1-y1)-3-(1-ethyl-1H-imidazol-
2-yl)-3-hydroxypropan-1-one:
fFormula 46|
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CH
EHQ‘ & 3
HaC” N-
\O\]M
N
O OH

A solution of lithium diisopropylamide in tetrahydrofuran (2.0 M, 0.969 mlL, 1.94
mmol) was added dropwise to a solution of 1-(4-(dimethylamino)piperidin-1-yl)ethanone
(0.300 g, 1.76 mmol} in tetrahydrofuran (6.0 mL) at -78°C and the reaction liquid was stirred
at the same temperature for 1 hour. A solution of l-ethyl-1H-imidazole-2-carbaldehyde
(0.262 g, 2.12 mmol) in tetrahydrofuran (2.8 mL) was added to the reaction liquid. The
reaction liquid was stirred for 1 hour and then stirred at 0°C for further 1 hour. A saturated
aqueous solution of ammonium chloride and an aqueous solution of potassium carbonate were
sequentially added to the reaction liquid and then the reaction liquid was extracted with
chloroform. The organic layer was washed with a 10% aqueous solution of sodium chloride
and then dried over anhydrous sodiumm sulfate and filtered. The filtrate was concentrated
under reduced piessure. The residue was purified by flash column chromatography (NTT
silica gel, chloroform/methanol) to obtain 1-(4-(dimethylamino)piperidin-1-y1)-3-(1-¢thyl-1H-
imidazol-2-yl)-3-hydroxypropan-1-one (0.221 g, 0.751 mmol, 43%} {(hereinafter referred to as
the compound of Example 8} as a colorless oil.

'H-NMR (400 MHz, DMSO-d¢) 8: 1.04-1.21 (1H, m), 1.32 (4H, t, J=7.2 Hz), 1.62-1.80 (2H,
m), 2.15 (6H, s), 2.24-2.35 (1H, m), 2.42-2.59 (1H, m), 2.76-2.88 (1H, m), 2.95-3.13 (2H, m),
3.90-4.08 (3H, m), 4.27-4.35 (1H, m), 5.00-5.10 (1H, m), 5.38-5.42 (1H, m), 6.74 (1H, s), 7.10
(1H, s).

ESI-MS: m/z= 295 (M+H)",

[0396]

(Example 9) Synthesis of 1-(4-(dimethylamino)piperidin-1-yl)-3-hydroxy-3-(1-(2,2,2-
trifluoroethyl}-1H-imidazol-2-yl)propan-1-one:
[Formula 47]
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O OH
A solution of lithium diisopropylamide in tetrahydrofuran (2.0 M, 0.862 mL, 1.72

mmol) was added dropwise to 2 solution of 1-(4-(dimethylamino)piperidin-1-yljethanone
(0.267 g, 1.57 mmol) in tetrahydrofuran (6.0 mL) at -78°C and the reaction liquid was stirred
at the same temperature for 1 hour. A solution of 1-(2,2,2-trifluoroethyl)-1H-imidazole-2-
carbaldehyde (0.335 g, 1.88 mmol) in tetrahydrofuran (1.9 mL) was added to the reaction
liquid at the same temperature and stirred for 1 hour and stirred at 0°C for further 1 hour. A
saturated aqueous solution of ammoniuvm chloride and an aqueous solution of potassium
carbonate were sequentially added to the reaction liquid and then the reaction liquid was
extracted with chloroform. The organic layer was washed with a 10% aqueous solution of
sodium chloride and then dried over anhydrous sodium sulfate and filtered. The filtrate was
concentrated -under reduced pressure. The residue was purified by flash: column
chromatography  (NH  silica  gel, chloroform/methancl) to  obtain  1-(4-
(dimethylamino)piperidin-1-yl)-3-hydroxy-3-(1-(2,2,2-triflucroethyl)-1H-imidazol-2-
ylpropan-1-one (0.192 g, 0.551 mmol, 35%) (hereinafter referred to as the compound of
Example 9) as a colorless oil.
'H-NMR (400 MHz, DMSO-dg) 8: 1.10-1.41 (2H, m), 1.64-1.80 (2H, m), 2.16 (6H, s), 2.25-
237 (1H, m), 2.47-2.60 (1H, m), 2.80-3.12 (3H, m), 3.90-4.00 (1H, m), 4.29-4.39 (1H, m),
5.00-5.18 (3H, m), 5.60-5.68 (1H, m), 6.85 (1H, s), 7.17 (1H, s).
ESI-MS: m/z= 349 (M+H)".
[0397]

(Example 10) Synthesis of  3-(I-(difluoromethyl)-1H-imidazol-2-y1}-1-(4-
(dimethylamino)piperidin-1-y1)-3-hydroxypropan-1-one:
[Formula 48]
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Sodium borohydride (0.0560 g, 1.48 mmol) was added to a solution of 1-(1-
(difluoromethyl)-1H-imidazol-2-y1}-3-(4-(dimethylamino)piperidin-1-yl)propane-1,3-dione
(0.310 g, 0.986 mmol} in methanol (10 mL) at room temperature and the reaction liquid was
stirred at the same temperature for 3 hours. A saturated aqueous solution of sedium
hydrogencarbonate was added to the reaction liquid and the reaction liquid was concentrated
under reduced pressure.  Distilled water was added to the residue and the reaction liquid was
extracted with chloroform. The organic layer was washed with a 10% aqueous solution of
sodium chloride and then dried over anhydrous sodiwm sulfate and filtered. The filtrate was
concentrated under reduced pressure.  The residue was purified by flash column
chromatography (NH silica gel, chloroform/methanol) to obtain 3-(I-(difluoromethyl}-1H-
imidazol-2-y1)-1-(4-(dimethylamino)piperidin-1-y1)-3-hydroxypropan-1-one (0.202 g, 0.639
mmol, 65%) (hereinafter referred to as the compound.of Example 10} as a yellow oil.

"H-NMR (400 MHz, CDCl5) 8: 1.08-1.40 (2H, m), 1.64-1.80 (2H, m), 2.17 (611, s), 2.25-2.35
(11, m), 2.49-2.62 (1M, m), 2.80-3.12 (3H, m), 3.88-3.97 (1H, m), 4.28-4.37 (1H, m), 5.18-
5.26 (1H, m), 5.83 (1H, d, J=6.8 Hz), 6.95 (1H, s), 7.51 (1H, s), 7.93 (1H, t, J=60.0 Hz).
ESIMS: m/z= 317 (M+H)".

[0398]

(Example 11) Synthesis of (S)-1-(4-(dimethylamino)piperidin-1-yl)-3-hydroxy-3-(1-
methyl-1H-imidazol-2-yl)propan-1-one:

[Formula 49]

CH, _
. H.C

N 3L
H3C' N

O OH
Optical resolution of 1-(4-(dimethylamino)piperidin-1-yl)-3-hydroxy-3-(1-methyl-1H-

imidazol-2-yl)propan-1-one (3.32 g) was performed by HPLC purification. The eluate was
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concentrated -under reduced pressure. The residue was purified by flash column
chromatography {(NH  silica gel, chloroform/methanol) to  obtain  (S)-1-(4-
(dimethylamino)piperidin-1-yl)-3-hydroxy-3-(1-methyl-1H-imidazol-2-yl)propan-1-one
(0.467 g, > 99%ee) (hereinafter referred to as the compound of Example 11) as a white solid.
HPLC retention time: 8.4 min; apparatus: LC-10ADvp system manufactured by
Shimadzu Corporation; column: CHIRALCEL OZ-H, 4.6 x 250 mm {manufactured by Daicel
Corporation); Solvent: 0.01% ethylenediamine-containing methanol (v/v); flow rate: 0.5
mL/min; detection method: UV 220 nm; column temperature: 40°C.
'H-NMR (400 MHz, CDCl3) & 1.32-1.53 (2H, m), 1.82-1.92 (2H, m), 2.27-2.41 (7H, m),
2.60-2.72 (1H, m), 2.98-3.23 (3H, m), 3.77 (3H, s), 3.99-4.08 (1H, m), 4.58-4.82 (2H, m),
5.18-5:26 (111, m}, 6.86 (1H, s), 6.93 (1L, s).
ESI-MS: m/z= 281 (M+H)".
[0399]
(Example 12) Synthesis of 3-(4-(dimethylamino)piperidin-1-yl)-1-(1-methyl-1H-
imidazol-2-y}-3-oxopropyl acetate:
[Formula 50]

GHs
N HsC,
HyC” 3 N"\>
_ NNN
0 0_.0

CH;

Pyriding (0.042 ml.,, 0.51 mmeol) and acetic anhydride (0.042 mL, 0.51 mmol) were
added to a solution of 1-(4-(dimethylamino)piperidin-1-y1}-3-hydroxy-3-(1-methyl-1H-
imidazol-2-yl)propan-1-one (0.120 g, 0.428 mmol) in dichloromethane (2.1 mL) at 0°C and
the reaction liquid was stirred at room temperature for 2 hours. Further, acetic anhydride
(0.020 mL, 0.24 mmol) was added at room temperature and the reaction liquid was stirred at
the same temperature for 1 hour, A saturated aqueous solution of sodium hydrogencarbonaic
was added to the reaction liquid and the reaction licuid was extracted with chloroform. The

organic layer was washed with a 10% agueous solution of sodium chloride and then dried over
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anhydrous sedium sulfate and filtered. The filtrate was-concentrated under reduced pressure.
The residue was purified by flash column chromatography (NH silica gel,
chloroform/methanol) to obtain  3-(4-(dimethylamino)piperidin-1-yl)-1-(1-methyl-1H-
‘imidazol-2-yl)-3-oxopropyl acetate (0.114 g, 0.353 mmol, 82%) (hereinafter referred to as the
compound of Example 12) as a colorless oil.
"H-NMR (400 MHz, CDCly) 8: 1.08-1.47 (2H, m), 1.68-1.92 (2H, m), 2.04 (3H, dd, ]=2.4 Hz),
221-2.38 (7H, m), 2.47-2.60 (1H, m}, 2.96-3.14 (2H, m)}, 3.35-3.43 (1H, m), 3.83 (31, d,
J=4.0.Hz), 3.89-4.00 (lH, m), 4.45-4.53 (1H, m)}, 6.21-6.29 {1H, m), 6.79 (1H, m), 6.98 (1H,
m).
ESI-MS: m/z= 323 (M+H)".
[0400]

(Example 13) Synthesis of 3-(4-(dimethylamino)piperidin-1-yl)-1-{1-methyl-1H-
imidazol-2-yl)-3-oxopropylpentanoate:
[Formula 51]

CHj
\ HaC

Hac’N\Q ‘N’\>
Y

o 0.0

Hac/\j

Pyridine (0.069 mL, 0.86 mmol) and pentanoyl chloride (0.093 mL, 0.79 mmol) were
added to a solution of 1-(4-(dimethylamino)piperidin-1-yl)-3-hydroxy-3-(1-methyl-1H-
imidazol-2-ypropan-l-one (0.200 g, 0.713 mmol) in dichloromethane (3.5 mL) at room
temperature and the reaction liquid was stirred at the same temperature for 16 hours. A
saturated aqueous solution of ammorium chloride was added to the reaction liquid and the
reaction liquid was extracted with chloroform. The organic layer was washed with a 10%
aqueous solution of sodium chloride and then dried over anhydrous sodium sulfate and filtered.
The filtrate was concentrated under reduced pressure. The residue was purified by flash
column  chromatography (NH silica gel, chloroform/methanol) to obtain 3-(4-
(dimethylamine)piperidin-1-yl)-1-{1-methyl- 1 H-imidazol-2-y1)-3-oxopropylpentanoate (¢.101
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g, 0.277 mmol, 39%) (hereinafter referred to as the compound of Example 13) as a colorless
oil.

'H-NMR: (400 MHz, DMSO-dy) &: 0.77-0.85 (3H, m), 0.98-1.33 (4H, m), 1.41-1.50(2H, m),
1.60-1.79 (2H, m), 2.11-2.15 (6H, m), 2.20-2.33 (3H, m), 2.89-3.02 (2H, m), 3.22-3.34 (2H,
m), 3.65 (3H, s), 3.84-3.92 (1H, m), 4.18-4.26 (1H, m), 6.10-6.15 (1H, m), 6.77-6.82 (1H, m),
7.05-7.10(1H, m).

ESI-MS: m/z= 365 (M+H)".

[0401]

In the following Comparative Examples, 1-(4-(dimethylamino)piperidin-1-y1}-3-(1-
methyl-1H-imidazol-2-yl)propan-1-one hydirochloride (the compound of Comparative
Example 1); 1-(4-(dimethylamino)piperidin-1-yl)-3-(1-methyl-1H-imidazol-2-yl)propan-1-one
sulfate  monohydrate  (the compound of Comparative Example 2); 1-(4-
{dimethylamino)piperidin-1-y1)-3-{1-ethyl-1H-imidazol-2-yDpropan-1-one hydrochloride (the
compound of Comparative Example 3); 1-(4-{dimethylamino)piperidin-1-y1)-3-(1-propyl-1H-
imidazol-2-yl)propan-1-one hydrochloride (the compound of Comparative Example 4); 1-(4-
(dimethylamino)piperidin- 1 —y])—j-( 1-butyl-1H-imidazol-2-yl)propan-1-one hydrochloride (the
compound of Comparative Example 5); and 1-(4-(dimethylamino)piperidin-1-y1)-3-(1-
isopropyl-1H-imidazol-2-yl)propan-1-one  hydrochloride (the compound of Comparative
Example 6) were selected from imidazole derivatives described in International Publication
WO No. 2013/147160 (Patent Literature 4) as suitable comparative compounds.

(0402}

The compounds of Comparative Examples 1 to 6 were prepared in the same manner as
described in International Publication WO No. 2013/147160 (Patent Literature 4), as follows.
[0403]

(Refererice Example 18) Synthesis of 1-propyl-1H-imidazole:

[Formula 52]

LY
.y
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Sodium hydride (55%, 0.966 g, 22.1 mmol) was added to a solution of imidazole (1.37
g, 20.1 mmol} in tetrahydrofuran (50.0 mL) at room temperature. The reaction liquid was
stirred at the same temperature for 1 hour, and then, 1-bromopropane (5.48 mL, 60.3 mmol)
was added at room temperature. The reaction liquid was stirred at the same temperature for
16 hours. The reaction liquid was filtered through Celite and washed with tetrahydrofuran,
and then the filtrate and the washing solution were concentrated under reduced pressure. The
residue was purified by flash column chromatography (silica gel, chloroformy/methanol) to
obtain 1-propylimidazole (2.07 g, 18.8 mmol, 93%) as a colorless oil.
IH-NMR (400 MHz, CDCL) &: 0.93 (3H, t, J=7.2 Hz), 1.81 (24, id, J=7.2, 14.4 Hz), 3.90 (2,
t, J=7.2 Hz), 6.91 (1H, s}, 7.06 (1H, s), 7.46 (1H, s).
[0404]

{Reference Example 19} Synthesis of 1-propyl-1H-imidazole-2~carbaldehyde:
[Formula 53]

0 »_l\i’\>

H N

o

A solution of 1-propyl-1H-imidazole (1.67 g, 15.2 mmol) in tetrahydrofuran (30.4 mL)

was cooled to -78°C. n-Butyllithium (1.62 M n-hexane sclution, 10.3 mL, 16.7 mmol} was
added to the reaction liquid at -78°C.  The reaction liquid was stirred at the same temperature
for 1 hour and then N N-dimethylformamide (1.41 mL, 18.2 mmol) was added at -78°C,
After the reaction liquid was stirred at the same temperature for 1 hour, the temperature of the
reaction ligquid was raised to room temperature. A saturated aqueous solution of ammonium
chloride was added to the reaction liquid and then ethyl acetate was added. The organic layer
was washed with a 10% aqueous solution of sodium chloride and then dried over anhydrous
sodium sulfate and filtered. The filtrate was concentrated under reduced pressure. The
residue was purified by flash column chromatography (silica gel, n-hexane/ethyl acetate) to
obtain 1-propyl-1H-imidazole-2-carbaldehyde (0.492 g, 3.56 mmol, 24%) as a colorless oil.
II-NMR (400 MHz, CDCly) §: 0.91-0.95 (3H, m), 1.79-1.84 (2H, m), 4.34-4.38 (2H, m), 7.15
(1H, s}, 7.28 (1H, s), 9.82 (1H, s).
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ESI-MS: m/z= 139 (M+H)".
[0405]

(Reference Example 20) Synthesis of 1-butyl-1H-imidazole-2-carbaldchyde:
[Formula 54]

.

HsC

e
H

A solution of 1-butyl-1H-imidazotle (1.00 g, 8.05 mmol) in tetrahydrofuran (16.1 mL)
was cooled to -78°C. n-Butyllithium (1.62 M n-hexane solution, 5.5 mL, 8.86 mmol) was
added to the reaction liquid at -78°C. The reaction liquid was stirred at the same temperature’
for 1 hour and then N,N-dimethylformamide (0.75 mL, 9.66 mmol) was added at -78°C.
After the reaction liquid was stirred at the same temperature for | hour, the temperature of the
reaction liquid was raised to room temperature. A saturated aqueous solution of ammonium
chloride was added to the reaction liquid and then ethyl acetate was added. The organic layer
was washed with a 10% aqueous solution of sodium chloride and then dried over anhydrous
sodium sulfate and filtlered. The filtrate was concenfrated under reduced pressure. The
residue was purified by flash column chromatography (silica gel, n-hexane/ethyl acetate) to
obtain 1-butyl-1H-imidazole-2-carbaldehyde (1.02 g, 6.70 mmol, 83%) as a colorless oil.
'H-NMR (400 MHz, CDCls) 8: 0.95 (3H, t, ]=7.2 Hz), 1.33 (2H, td, J=7.2, 14.8 Hz), 1.75-1.78
(2H, m}, 4.34 (2H, t, =72 Hz}, 7.15 (1H, ), 7.28 (1H, s), 9.81 (1H, s).

ESI-MS: m/z= 153 (M+H)",
[0406]

{Reference Example 21) Synthesis of 1-isopropyl-1H-imidazole-2-carbaldehyde:
[Foermula 55]

o}_l!\;\}
" HSC)\CH:,

Potassium carbonate (0.863 g, 6.24 minol) and 2-iodopropane (0.614 ml., 6.24 mmeol)
were added to a solution of 1H-imidazole-2-carbaldehyde (0.500 g, 5.20 mmol} in N,N-
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dimethylformamide. (5.2 mL) at room temperature and the reaction liquid was stirred at 60°C
for 4 hours. The reaction liquid was cooled to room temperature and ethyl acetate and
distitled water were added to the reaction liquid. The organic layer was washed with a 10%
aqueous solution of sodium chloride and then dried over anhydrous sodium sulfate and filtered.
The filtrate was concentrated under reduced pressure. The residue was purified by flash
column chromatography (silica gel, n-hexane/ethyl acetate) to obtain 1-isopropyl-1H-
imidazole-2-carbaldehyde (0.355 g, 2.57 mmol, 49%) as a colorless oil.
'H-NMR (400 MHz, CDCly) &: 1.48 (3H, d, J=6.4 I1z), 1.48 (31, d, J=6.4 Hz), 5.48 (1 H, quint,
F=6.4Hz), 7.30 (IH, s), 7.33 (IH, 8), 9.83 (1H, s).
ESE-MS: m/z= 139 (M+H)".
[0407]

(Refetence Example 22) Synthesis of (E)-methyl 3-(1-methyl-1H-imidazol-2-
yl)actylate:
[Formula 56]

r-iac;om/\i\};\>
)
0 CHs

Methyl (triphenylphosphoranylidene)acetate (33.4 g, 99.9 mmol) was added to a
solution of 1-methyl-1H-imidazole-2-carbaldehyde (10.0 g, 90.8 mmol} in dichloromethane
(240 mL) at room temperature. The reaction Hquid was stirred for 16 hours and then
concentrated under reduced ﬁressure. The residue was washed with .a mixed solvent of
hexane/dichloromethane = 19/1 and the washing solution was concentrated, The residue was
purified by a silica gel column chromatography (hexane/ethyl acetate) to obtain (E)-methyl 3-
(1-methyl-1H-imidazol-2-yl)acrylate (11.9 g, 71.6 mmol, 79%) as a white solid.
'H-NMR (400 MHz, CDCl3) 8: 3.76 (3H, s), 3.81 (3H, s), 6.82 (1H, d, J=15.6 Hz), 6.98 (1H,
brs), 7.16 (1H, brs), 7.53 (1H, d, J=15.6Hz).
ESI-MS: m/z= 167 (M+H)".
[0408]

{Reference Example 23) Synthesis of (E)-methyl 3-(1-ethyl-1H-imidazol-2-yl)acrylate:
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[Formula 57]
N
N
Haco\ﬂ/\/l}
O L

Methyl (triphenylphosphoranylidene)acetate (3.15 g, 9.42 mmol) was added to a
solution of 1-ethyl-1H-imidazole-2-carbaldehyde (1.17 g, 9.42 mmol) in dichloromethane
(28.3 mlL) at room temperature. The reaction liquid was stirred for 16 hours and
concentrated under reduced pressure. The residue was washed with a mixed solvent of
hexane/dichloromethane = 20/1 and the washing solution was concentrated, The residue was
purified by flash column chromatography (silica gel, hexane/ethyl acetate) to obtain (E)-
methyl 3-(L-ethyl-1H-imidazol-2-yl}acrylate (0.670 g, 3.72 mmol, 39%}) as a white solid.
"H-NMR (400 MHz, CDCl;) &: 1.45 (3H, t, J=7.6 Hz), 3.81(3H, s), 4.10 (2H, dd, }=7.6, 14.8
Hz), 6.85 (1H, d, J=15.2 Hz), 7.03 (1H, brs), 7.17 (1H, brs), 7.52 (iH, d, I=15.2 Hz).

ESI-MS: m/z= 181 (M+H)".
[0409]

(Reference Example 24} Synthesis of (E)}-methyl 3-(1-propyl-1H-imidazole-2-
yl}acrylate:
[Formula 58]

HaCO.__ I\’I’N\>
o ch\)

Methyl (triphenylphosphoranylidene)acetate (1.31 g, 3.92 mmol} was added to a
solution of 1-propyl-1H-imidazole-2-carbaldehyde (0.492 g, 3.56 mmol) in dichloromethane
(10.0 mL) at room temperature. The reaction liquid was stirred for 16 hours and then
concentrated under reduced pressure. The residue was washed with a mixed solvent of
hexane/dichloromethane = 19/1 and the washing solution was concentrated. The residue was
purified by flash column chromatography (silica gel, hexane/cthyl acetate) to obtain (E)-
methyl 3-(1-propyl-1H-imidazole-2-ylacrylate (0.520 g, 2.68 minol, 75%) as a white solid.
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'H-NMR (400 MHz, CDCl;) 8: 0.94 (3H, t, J=7.2 Hz), 1.75-1.85 (2H, m), 3.81(3H, s), 4.00
(2H, t, I=7.2 Hz), 6.85 (1H, d, J=15.6 Hz), 7.00 (1H, brs), 7.16 (1H, brs), 7.50 (1H, d, J=15.6
Hz).
ESI-MS: m/z= 195 (M+H)".
[0410]

{Reference Example 25) Synthesis of (E)-methyl 3-(1-butyl-1H-imidazol-2-yl)acrylate:
[Formula 59]

TN
HSCO\”/\/Q}
o )
HsC

Methyl (triphenylphosphoranylidene)acetate (2.47 g, 7.37 mmol) was added to a
solution of 1-butyl-1H-imidazole-2-carbaldechyde (1.02 g, 6.70 mmol} in dichloromethane
(18.0 mL) at room temperature. The reaction liguid was stirred for 16 hours and then
concentrated under reduced pressure. The residue was washed with a mixed solvent of
hexane/dichloromethane = 19/1 and the washing sohation was concentrated. The residue was
purified by flash column chromatography (silica gel, hexanefethyl acetate) to obtain (E)-
methyl 3-(1-butyl-1H-imidazol-2-yl)acrylate (1.23 g, 5.91 mmol, 88%) as a white solid.
'H-NMR (400'MHz, CDCls) &: 0.95 (3H, t, J=7.2 Hz), 1.28-1.40 (2H, m), 1.70-1.80 (2H, m),
3.81 (3H, ), 4.03 (2H, t, J=7.2 Hz), 6.84 (1H, d, J=15.2 Hz), 7.00 (1H, brs), 7.16 (1H, brs),
7.50 (1H, 4, I=15.2 Hz).

ESI-MS: m/z= 209 (M+H)".
[0411]

(Reference Example 26) Synthesis of (E)-methyl 3-(l-isopropyl-1H-imidazol-2-
yl)acrylate:
[Formula 60]
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Methyl (triphenylphosphoranylidene)acetate (0.932 g, 2.79 mmol) was added to a
solution of l-isopropyl-1H-imidazole-2-carbaldehyde (0.350 mg, 2.53 mmol) in
dichloromethane (7.59 mL) at room temperature.  The reaction liquid was stirred for 16 hours
and then concentrated under reduced pressure. The residue was washed with a mixed solvent
of hexane/dichloromethane = 20/1 and the washing solution was concentrated. The residue
was purified by flash column chromatography (silica gel, hexane/ethyl acetate) to obtain (E)-
methyl 3-(1-isopropyl-1H-imidazol-2-yl)acrylate (0.362 g, 1.86 mmol, 74%) as a white solid.
"H-NMR (400 MHz, CDCl3) §: 1.50 (3H, d, J=6.4 Hz), 1.50 (3H, d, J=6.4 Hz), 3.81 (3H, s),
4.62 (1H, quint, J=6.4 Hz), 6.87 (1H, d, I=15.6 Hz), 7.10 (1H, brs), 7.18 (1H, brs), 7.56 (LH, d,
J=15.6 Hz).

ESI-MS: m/z= 195 (M+H)".
[0412]

(Reference Example 27) Synthesis of 1-(4-(dimethylamino)piperidin-1-y1)-3-(1-
methyl-1H-imidazo!-2-yI)propan-1-one:
[Formula 61]

cr
N
M
OW/\/Q
' N
0 CH;

Paliadium-carbon (10% wet, 15 mg) was added to a solution of (E)-methyl 3-(1-

HaC”

methyl-1H-imidazol-2-yl}acrylate (0.180 g, 1.08 mmol) in ethanol (4.0 mlL) at room
temperature. The reaction liquid was stirred under a hydrogen atmosphere for 4 hours. The
reaction liquid was filtered through Celite and the filtrate was concentrated under reduced
pressure. Methanol (1.0 mL) was added tfo the resulting residue at room temperature to
dissolve the residue and the reaction liguid was cooled to 0°C. An aqueous solution of
sodium hydroxide (1.0 N, 1.19 mL, 1.19 mmol) was added to the reaction liquid at 0°C. The
reaction liquid was stirred at room temperature for 2 hours and then concentrated under
reduced pressure. Chloroform (10.0 mL) was added to the resulting residue at room

temperature to dissolve the residue. Diisopropylethylamine (0.568 mL, 3.25 minol), HBTU
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(0.616 g, 1.63 mmol) and 4-(dimethylamino)piperidine (0.125 g, 0.975 mmol) were added to
the reaction liquid at room temperature and the reaction liquid was stirred at the same
temperature for 16 hours. A saturated aqueous solution of sodium hydrogencarbonate was
added to the reaction liquid and the reaction liquid was extracted with chloroform. The
organic layer was washed with a 10% aqueous solution of sodium chloride and then dried over
anhydrous sodium sulfate and filtered. The filtrate was concentrated under reduced pressure.
The residue was purified by flash column chromatography (NH silica gel,
chloroform/methancl) to  obtain  1-(4-(dimethylamino)piperidin-1-yt)-3-(1-methyl-1H-
imidazol-2-yl)propan-1-one (0.179 g, 0.68 mmol, 63%) as a colorless oil.
"H-NMR (400 MHz, CDCl;) 8: 1.29-1.43 (2H, m), 1.80-1.88 (2H, m), 2.27 {6H, s), 2.29-2.38
(1H, m), 2.54-2.63 (1H, m), 2.88-3.04 (5H, m), 3.62 (3H, s), 3.98-4.05 (1H, m), 4.57-4.65 (1H,
m), 6.79 (1H, d, J=1.2 Hz), 6.91 (1H, d, J=1.2 Hz).
ESI-MS: m/z= 265 (M+H)'.
[0413]

(Reference Example 28) Synthesis of 1-(4-(dimethylamino)piperidin-1-y1)-3-(1-ethyl-
1H-imidazol-2-yl)propan-1-one:
{Formula 62]

H;C”

o
AP
NN’}
N
o Hac)

Palladium-carbon (10%wet, 65 mg) was added to a solution of (E)-methyl 3-(1-ethyl-
1H-imidazol-2-yDacrylate (0.670 g, 3.71 mmol) in methanol (14.8 mL) at room temperature
and the reaction liquid was stirred under a hydrogen atmosphere for 16 hours. The reaction
liquid was filtered through Celite and the filtrate was concentrated under reduced pressure.
Methanol {3.70 mL) was added to the resulting residue at room temperature o dissolve the
residue and the reaction liquid was cooled to 0°C.  An aqueous solution of sodium hydroxide
(1.0 N, 4.07 mL, 4.07 mmol) was added to the reaction liquid at 0°C and the reaction liquid

was stirred at room temperature for 16 hours and then concentrated under reduced pressure.
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Chloroform (37.0 mL) was added to the resulting residue at room temperatire to dissolve the
residue. Diisopropylethylamine (1.94 mL, 11.1 mmol), HBTU (2.10 g, 5.54 mmol) and 4-
(dimethylamino)piperidine (0.427 g, 3.33 mmol) were added to the reaction liquid at room
temperature and the reaction liquid was stirred at the same temperature for 16 hours. A
saturated aqueous solution of sodium hydrogencarbonate was added to the reaction liquid and
the reaction liquid was extracted with chloroform. The organic layer was washed with a 10%
aqueous solution of sodium chloride and then dried over anhydrous sodium sulfate and filtered.
The filtrate- was concentrated under reduced pressure. The residue was purified by flash
column chromatography (NH silica gel, chloroform/methanol) to  obtain  1-(4-
(dimethylamino)piperidin-1-yl)-3-(1-ethyl-1H-imidazol-2-yDpropan-1-one  (0.365 g, 1.31
mmol, 35%) as.a colorless oil.
"H-NMR (400 MHz, CDCl3) 8: 1.32-1.40 (5H, m), 1.83-1.87 (21, m), 2.27 (6H, s), 2.31-2.37
(1H, m), 2.56-2.63 (1H, m}, 2.93-2.98 (5H, m), 3.93-4.04 (3H, m), 4.01-4.04 (1H, m), 6.84
(14, d, J=1.6 Hz), 6.94 (14, d, J=1.6 Hz).
ESI-MS: m/z= 279 (M+H)".
[0414]

(Reference Example 29) Synthesis of 1-(4-(dimethylamino)piperidin-1-y1)-3-(1-propyl-
TH-imidazol-2-yl)propan-1-cne:
[Formula 63]

CHy
N
HyC” N
0 H3C\)

Palladium-carbon (10%wet, 19 mg) was added to a solution of (E)-methyl 3-(1-propyl-
1H-imidazole-2-ylacrylate (260 mg, 1.34 mmol) in methanol (5.0 mL) at room temperature
and the reaction liquid was stirred under a hydrogen atmosphere for 4 hours. The reaction
liquid was filtered through Celite and the filtrate. was concentrated under reduced pressure.
Methanol (1.50 mL) was added to the resulting residue at room temperature to dissolve the

residue and the reaction liquid was cooled to 0°C.  An aqueous solution of sodium hydroxide
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(1.0 N, 1.47 mL, 1.47 mmol) was added to the reaction liquid at 0°C. The. reaction liquid
was stirred at room temperature for 4 hours and then concentrated under reduced pressure.
Chloroform (16.0 mL) was added to the resulting residue at room temperature to dissolve the
residue. Diisopropylethylamine (0.863 mL, 4.94 mmol), HBTU (0.937 g, 2.47 mmol) and 4-
(dimethylamino)piperidine (0.190 g, 1.48 mmol) were added to the reaction liquid at room
temperature and the reaction liquid was stirred at the same temperature for 16 hours. A
saturated aqueous solution of sodium hydrogencarbonate was added to the reaction liquid and
the reaction liquid was extracted with chloroform. The organic layer was washed with a 10%
aqueous solution of sodium chloride and then dried over anhydrous sodium sulfate and filtered.
The filtrate was concentrated under reduced pressure. The residue was purified by flash
column chromatography (NH silica gel, chloroform/methanol) to obtain. 1-(4-
(dimethylamino)piperidin-1-y1)-3-(1-propyl-1H-imidazol-2-yl)propan-1-one (110 mg, 0.376
mmol, 28%) as a colorless oil.
'H-NMR (400 MHz, CDCls) &: 0.93 (3H, t, J=7.2Hz), 1.30-1.43 (2H, m), 1.71-1.88 (4H; m),
2.27 (6H, 5), 2.28-2.39 (1H, m), 2.55-2.64 (1H, m), 2.90-3.05 (5H, m), 3.86 (2H, t, }=7.2 Hz),
4.00-4.09 (1H, m), 4.58-4.66 (11, m), 6.82 (1H, d, J=1.6 Hz), 6.93 (1H, d, J=1.6 Hz).
ESI-MS: nvz= 293 (M+H)",
[0415]

{(Reference Example 30) Synthesis of 1-(4-(dimethylamino)piperidin-1-yl)-3-(1-butyl-
1H-imidazol-2-yl)propane-1-one:

[Formula 64]
Cr
H C'N N
3
N
0
HaC

Palladium-carbon (10%wet, 19 mg) was added to a solution of (E)-methyl 3-(1-butyl-
1H-imidazol-2-yDacrylate (260 mg, 1.25 mmol) in ethanol (5.0 mL) at room temperature and
the reaction liquid was stirred under a hydrogen atmosphere for 4 hours. The reaction liquid

was filtered through Celite and the filirate was concentrated under reduced pressure.

104



Methanol (1.5 mL} was added to the resulting residue at room temperature to dissolve the
residue and the reaction liquid was cooled to 0°C. An aqueous solution of sodium hydroxide
(1.0 N, 1.47 mL, 1.47 mmol) was added to the reaction liquid at 0°C. The reaction liquid
was stirred at room temperature for 4 hours and then concentrated under reduced pressure.
Chloroform (15.0 mL) was added to the resulting residue at room temperature to dissolve the
residue. Diisopropylethylamine (0.801 mL, 4.59 mmol), HBTU (0.870 g, 2.29 mmol} and 4-
(dimethylamino)piperidine (0.176 g, 1.38 mmol) were added to the reaction liquid at room
temperature and the reaction liquid was stirred at the same temperature for 16 hours. A
saturated aqueous solution of sodium hydrogencarbonate was added to the reaction lquid and
the reaction liquid was extracted with chloroform. The organic layer was washed with a 10%
aqueous selution of sodium chloride and then dried over anhydrous sedium sulfate and filtered.
The filtrate 'was concenirated under reduced pressure. The residue was purified by flash
column chromatography (NH silica gel, chloroform/methancl) to obtain 1-(4-
{dimethylamino)piperidin-1-yl}-3-(1-butyl-1H-imidazol-2-yljpropane-1-one (120 mg, 0.392
mmol, 31%) as a colorless oil.
'H-NMR (400 MHz, CDCls) &: 0.93 (3H, t, J=7.2 Hz), 1.29-1.43 (4H,m), 1.65-1.74 (2H, m),
1.78-1.88 (2H, m), 2.25-2.37 (7TH, m), 2.54-2.64 (1H, m}, 2.88-3.04 (5H, m), 3.88 (2, t, J=7.2
Hz), 3.98-4.06 (1H, m), 4.56-4.66 (1H, m), 6.81 (1H, brs), 6.92 (1H, brs).
ESI-MS: m/z= 307 (M+H)".
[0416]

(Reference Example 31) Synthesis of 1-(4-(dimethylamino)piperidin-1-yl)-3-(1-
isopropyl-1H-imidazol-2-yl)propan-1-one:
[Formula 65]

o

)\CH3

Palladium-carbon (10%wet, 36 mg) was added to a solution of (E)-methyl 3-(1-
tsopropyl-1H-imidazol-2-yDacrylate (362 mg, 1.86 mmol} in methanel (7.46 ml) at room
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temperature and the resultant mixture was stirred under a hydrogen atmosphere for 16 hours.
The reaction liquid was filtered through Celite and the filtrate was concentrated under reduced
pressure. Methanol (1.86 mL} was added to the resulting residue at room temperature to
dissolve the residue and the reaction liquid was cooled to 0°C. An aqueous solution of
sodium hydroxide (1.0 N, 2.05 mL, 2.05 mmol) was added to the reaction liqnid at 0°C. The
reaction liquid was stirred at room temperature for 16 hours and then concentrated under
reduced pressure, Chloroform (18.6 mL} was added to the resulting residue at room
temperature to dissolve the residue. Diisopropylethylamine (0.976 mL, 5.59 mmol), HBTU
(1.06 g, 2.80 mmol} and 4-(dimethylamino)piperidine (0.215 g, 1.68 mmol) were added to the
reaction liquid at room temperature and the reaction liquid was stirred at the same temperature
for 16 hours. A saturated aqueous solution of sodium hydrogencarbonate was added to the
reaction liquid and the reaction liquid was extracted with chloroform. The organic layer was
washed with a 10% aqueous solution of sodium chloride and then dried over anhydrous
sodium sulfate and filtered. The filtrate was concentrated under reduced pressure, The
residue was purified by flash column chromatography (NH silica gel, chloroform/methanol) to
obtain 1-(4-(dimethylamino)piperidin-1-y1)-3-(1-isopropyl-1H-imidazol-2-yl)propan-1-one
(335 mg, 1.15 mmol, 62%} as a colorless oil.
'H-NMR (400 MHz, CDCls) & 1.32-1.42 (8H, m), 1.83-1.86 (2H, m), 2.27-2.34 (7H, m),
2.57-2.64 (1H, m), 2.96-3.02 (5H, m), 4.03-4.06 (1H, m), 4.42-4.49 (1H, m), 4.61-4.64 (1H,
m), 6.91 (1H, brs), 6.95 (1H, brs).
ESI-MS: m/z= 293 (M+H)".
[0417]

{Comparative Example 1) Synthesis of [-(4-(dimethylamino)piperidin-1-yI}-3-(i-
methyl-1H-imidazol-2-yl)propan-1-one hydrochloride:

[Formula 66]
CHo
H C’N N
3 \O\IN’%
N
\
2HCI O CHs
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A solution of hydrogen chloride in dioxane (4.0 M, 3.69 mL, 14.8 mmol) was added to
a solution of 1-{(4-(dimethylamino)pipenidin-1-yl)-3-(1-methyl-1H-imidazol-2-yl)propan-1-one
(1.50 g, 5.67 mmol} in diethyl ether (60.0 mL) at 0°C. The reaction liquid was stirred at the
same temperature for 1 hour and stirred at room temperature for 30 minutes. The white solid
precipitated was filtered and collected, washed with diethyl ether {100 mL) and dried at room
temperature for 36 hours to obtain 1-(4-(dimethylamino)piperidin-1-yl)-3-(1-methyl-1H-
imidazol-2-yl)propan-1-one hydrochloride (1.41 g, 4.18 mmol, 74%) (hereinafter referred to as
the compound of Comparative Example 1) as a white solid.
"H-NMR (400 MHz, D,0) &: 1.53-1.80 (2H, m), 2.12-2.23 (2H, m), 2.68-2.80 (1H, m), 2.88
(6H, s), 3.01-3.08 (2H, m), 3.15-3.26 (3H, m), 3.47-3.58 (1H, m), 3.84 (3H, s), 4.08-4.16 (1H,
m), 4.50-4,59 (1H, m), 7.29-7.33 (2H, m).
ESI-MS; as 1-(4-(dimethylamino)piperidin-1-yl)-3-(1-methyl-1H-imidazol-2-yl)propan-1-one:
m/z= 265 (M+H)".
[0418]

(Comparative Example 2) Synthesis of 1-(4-(dimethylamino)piperidin-1-yl)-3-(1-

methyl-1H-imidazol-2-yD)propan-1-ene sulfate monohydrate:

[Formula 67]
GHy
H C’N N
3
N
*H;80, *H,0 © CHa

Concentrated sulfuric acid (2.49 g, 25.4 mmol), water (1.83 g, 102 mmol) and a sced
crystal (50 mg, 0.13 mmol) of 1-(4-(dimethylamino)piperidin-1-y1)-3-(1-methyl-1H-imidazol-
2-yDpropan-l-one sulfate monohydrate were added to a solulion of 1-(4-
(dimethylamino)piperidin-1-y])-3-( 1-methyl-1H-imidazol-2-yl)propan-1-one  (6.72 g, 254
mmol) in DMSO (100 mL) at 80°C. The reaction liquid was stirred at the same temperature
for 2.5 hours, at 50°C for 2.5 hours and at room temperature for 15 hours. The white solid
precipitated was filtered and collected, washed sequentially with DMSO (20 mL) and methyl

ethyl ketone (40 mL) and dried at room temperature to obtain 1-(4-(dimethylamino)piperidin-
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1-yD)-3-(1-methyl-1H-imidazol-2-yl)propan-i-one sulfate monohydrate (§.42 g, 22.1 mmol,
87%) (hereinafter referred to as the compound of Comparative Example 2) as a white crystal.
"H-NMR (400 MHz, DMSQ-dg) 8: 1.36 (1H, m), 1.58 (1H, m), 1.95 (2H, br), 2.44-2.57 (1H,
m), 2.65 (6H, s), 2.74-2.88 {(4H, m), 3.00 (1H, t, J=12.0 Hz), 3.22 (1H, m), 3.61 (3H, s}, 4.02
(1H, d, J=14.0 Hz), 4.47 (lH, d, ]=12.8 Hz), 6.87 (1H, d, J=1.2 Hz), 7.11 (I1H, d, J=1.2 Hz).
ESI-MS; as 1-(4-(dimethylamino)piperidin-1-y1)-3-( 1-methyl-1H-imidazol-2-yl)}propan-1-one:
m/z= 265 (M+H)".
[0419]

(Comparative Example 3} Synthesis of 1-(4-(dimethylamino)piperidin-1-y1)-3-(1-ethyl-
1H-imidazol-2-yl)propan-1-one hydrochloride:
[Formula 68]

*2HCI

G
H3C’N N
|G,
N
0 L& )
A solution of hydrogen. chloride in diethy! ether (2.0 N, 1.07 mL, 2.14 mmol) was
added to a solution of 1-(4-(dimethylamino)piperidin-1-yl}-3-(1-ethyl-1H-imidazol-2-
yl}propan-1-one {0.271 g, 0.973 mmol) in diethyl ether (19.5 mL) at 0°C. The reaction liquid
was stirred at the same temperature for 1 hour and then stirred at room temperature. for 30
minutes. The white solid precipitated was filtered and collected, washed with diethyl ether
(585 mL) and dred at room temperature for 36 howrs to obtain 1-{4-
(dimethylamino)piperidin-1-y1)-3-([-ethyi-1 H-imidazol-2-yl}propan-1-one hydrochloride
(0.283 g, 0.806 mmol, 83%) {hereinafter referred to.as the compound of Comparative Example
3) as a white solid.
'H-NMR (400 MHz, D,0) &: 1.32 (3H, t, J=7.2 Hz), 1.45 (1H, ddd, -4.4, 12.4, 24.4), 1.58
(1H, ddd, I=4.4, 12.4, 24.4), 1.99-2.07 (2H, m), 2.56-2.63 (1H, m), 2.73 (6H, s), 2.90-2.93 (2H,
m}, 3.03-3.13 (3H, m}, 3.35-3.41 (1H, m}), 3.96-3.99 (1H, m), 4.06 (2H, d, J=7.2 Hz), 4.38-
442 (1H, m}), 7.18 (1H, d, J=2.4 Hz), 7.26 (1H, d, J=2.4 Hz).
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ESI-MS: as 1-(4-(dimethylamino)piperidin-1-y1)-3-(1-ethyl-1H-imidazol-2-yl)propan-1-one:
m/z= 279 (M+1)".
[0420]

(Comparative Example 4} Synthesis of 1-(4-(dimethylamino)piperidin-1-y1)-3-(1-
propyl-1H-imidazol-2-yl)propan-1-one hydrochloride:
[Formula 69]

G
N
H;C Q M }

2Her © Hsc\)

A solution of hydrogen chloride in dioxane (4.0 M, 0.245 mL, 0.978 mmol) was added
to a solution of 1-(4-(dimethylamino)piperidin-1-y1)-3-(1-propyl- tH-imidazol-2-yl)propan-1-
one (0.110 g, 0.376 mmol) in diethyl ether (4.00 mL} at 0°C. The reaction liquid was stirred
at the same temperature for 1 hour and then stirred at room temperature for 30 minutes. The
white solid precipitated was filtered and collected, washed with diethryl ether (7.00 mL) and
dried at room temperature for 36 hours to obtain 1-(4-(dimethylamino)piperidin-1-y1)-3-(1-
propyl-1H-imidazol-2-yl)propan-1-one hydrochloride (0.105 g, 0.287 mmol, 76%) (hereinafter
referred to as the compound of Comparative Example 4) as a white solid.

'H-NMR (400 MHz, D,0) &: 0.93 (3H, t, J=7.2 Hz), 1.50-1.80 (2H, m), 1.81-1.92 (2H, m),
2.10-2.23 (2H, m), 2.68-2.78 (1H, m), 2.86 {6H, s), 3.02-3.08 (2H, m), 3.15-3.28 (3H, m),
3.45-3.57 (1H, m), 4.08-4.16 (3H, m), 4.50-4.58 (1H, m}, 7.32 (1H, brs), 7.38 (1H, brs).
ESI-MS; as 1-{4-{dimethylamino)piperidin-1-y1}-3-(1-propyl-1H-imidazol-2-yl)propan-1-one:
m/z= 293 (M+H)".

[0421]

(Comparative Example 5) Synthesis of 1-(4-(dimethylamino)piperidin-1-y1)-3-(1-butyl-
1H-imidazol-2-yD)propan-1-one hydrochloride:
[Formula 70]
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o
_N

«2HC OHac/\)

A solution of hydrogen chloride in dioxane (4.0 M, 0.255 mL, 1.02 mmol) was added
to a solution of 1-(4-(dimethylaming)piperidin-1-yl)-3-(1-butyl-1H-imidazol-2-yl)propan-1-
one (0.120 g, 0.392 mmol) in diethyl ether (4.00 mL) at 0°C. The reaction liquid was stirred
at the same temperature for 1 hour and then stirred at room temperature for 30 minutes. The
white solid precipitated was filtered and collected, washed with diethyl ether (7.00 mL) and
dried at room temperature for 36 hours to obtain [-(4-(dimethylamino)piperidin-1-y1)-3-(1-
butyl-1H-imidazol-2-yl)propan-1-one hydrochloride (0.136 g, 0.358 mmol, 91%) (hereinafter
referred to as the compound of Comparative Example 5) as a white solid.

"H-NMR (400 MHz, 1),0) &: 0.93 (3H, t, }=6.8 Hz), 1.30-1.40. (ZH, m), 1.52-1.86 (4H, m),
2.10-2.22 (2H, m), 2.68-2.78 (1H, m), 2.86 (6H, s), 3.02-3.08 (2H, m), 3.15-3.27 (3H, m),
3.47-3.57 (1H, m), 4.06-4.18 (3H, m), 4.49-4.57 (1H, m), 7.32 (11, d, J=2.0 Hz), 7.38 (1H, d,
1=2.0 Hz).

ESI-MS: as I-(4-(dimethylamino)piperidin-1-yl}-3-(1-butyl-1H-imidazol-2-yl}propan-1-one:
m/z= 307 (M+H)",

[0422]

(Comparative Example 6) Synthesis of 1-(4-(dimethylamino)piperidin-1-yl)}-3-(1-
isopropyl-1H-imidazol-2-yl)propan-1-one hydrochloride:
[Formula 71]

cHs
H C'N N
3 A\

¢
“2HCI HSC)\CHs

A solution of hydrogen chloride in diethyl ether (2.0 N, 1.06 mL, 2.13 mmol) was
added to a solution of 1-(4-(dimethylamino)piperidin-1-yl}-3-(1-isopropyl-1H-imidazol-2-
yDpropan-1-one (0.283 g, 0.967 mmol} in diethyl ether (19.3 mL) at 0°C.  The reaction liquid
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was stirred at the same temperature for 1 hour and then stirred at room temperature for 30
minutes. The white solid precipitated was filtered and collected, washed with diethyl ether
(585 ml) and dried at room temperature for 36 hours to obtain 1-(4-
(dimethylamino)piperidin-1-yl)-3-(1-isopropyl-1 H-imidazol-2-yl)propan-1-one hydrochloride
(0.313 g, 0.806 mmol, 92%) (hereinafter referred to as the compound of Comparative Example
6) as a white solid.

'H-NMR (400 MHz, D,0) 8: 1.36-1.63 (8H, m), 2.00-2.08 (2H, m), 2.58-2.74 (1H, m), 2.74
(6H, s}, 2.91-2.94 (2H, m), 3.04-3.16 (3H, m), 3.36-3.44 (1H, m), 3.97-4.01 (1H, m), 4.39-
4.42 (1H, m), 4.57-4.65 (1H, m), 7.21 (1H, d, I=2.0 Hz),7.37 (1H, d, 1=2.0 Hz).

ESI-MS: as 1-(4-(dimethylamino)piperidin-1-yl)-3-(1-isopropyi-1H-imidazol-2-yl)propan-1-
one: m/z= 293 (M+H)".

[0423]

(Example 14) Effect on neuropathic pain in a mouse partial sciatic nerve ligation
model:

Using a partial sciatic nerve ligation model (Seltzer model) in mice by which
neuropathic pain can be evaluated, the analgesic action of a cyclic amine derivative (I) or a
pharmacologically acceptable salt thereof was investigated.

[0424]

As the cyclic amine derivative (I} or a pharmacologically acceptable salt thereof, the
compound of Example 1,2, 3,4,5,7,8,9, 10, 11, 12 or 13 was used for evaluation.
[0425]

1. Experimental method:

The mouse partial sciatic nerve ligation model was prepared in accordance with the
method of Seltzer et al. (Malmberg et al,, Pain, vol. 76, p. 215-222, 1998).

[0426]

Sle: ICR mice (5 weeks old, male; from Japan SLC, Inc.) or Crl: CD1 (ICR) mice (5
weeks old, male; ffom CHARLES RIVER LABORATORIES JAPAN, INC)) were
anesthetized with sodium pentobarbital (70 mg/kg, intraperitoneal administration). The

sciatic nerve at the femoral region of the right hind paw of each mouse was exposed and triply
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ligated tightly with silk suture of 8-0 (from NATSUME SEISAKUSHO CO., LTD.) under a
stereomicroscope so that only half thickness of the nerve was trapped in the ligature. A
group of mice thus treated was designated as a partial sciatic nerve ligation group. A group
of mice whose sciatic nerve was just exposed and not ligated was designated as a sham surgery
group.
[0427]

Evaluation of neuropathic pain (hereinafier referred to as von Frey test) was performed
as follows. Mice were conditioned for at least one hour in.an acrylic cage for measurement
(from NATSUME SEISAKUSHO CO. LTD. or SHINANO SEISAKUSHO) placed on a wire
net. Thereafter, using a filament (from North Coast Medical or tieuroscience) which exerted
a pressure of 0.16 g, the mice were subjected to mechanical tactile stimulus by applying the
filament to the plantar surface of the right hind paw 3 times, each for 3 seconds, with an
interval of 3 seconds. The withdrawal response observed during each mechanical tactile
stimulus was scored (0, no response; 1, showed slow and/or slight withdrawal response in
. response {o the stimulation; 2, showed quick withdrawal response withent flinching (shaking
paws quickly and continuously) nor licking (licking paws) in response to. the stimulation; 3,
showed quick withdrawal response with flinching: and/or licking), and the sum of the scores
obtained in the triplicate trials (hereinafter referred to as the total score) were used as a pain
index.

[0428]

Seven days after the sciatic nerve ligation surgery, the compound of Example 1, 2, 3, 4,
5,7,8,9,10, 11, 12 or 13 {10 mg/kg for each of the compounds of Example 1, 2, 3,4, 5, 8, 10
and 13, 0.01 to 1 mg/kg for the compound of Example 7, 0.01 to 10 mg/kg for the compound
of Example 9; 0.001 to 0.1 mg/kg for the compound of Example 11; and 0.01 to 1 mg/kg for
the compound of Example 12) or pregabalin as a positive control (10 mg/kg; Bosche
Scientific) was dissolved in distilled water and orally administered to mice of the partial sciatic
nerve ligation group. The groups of the mice in the partial sciatic nerve ligation mouse to
‘which the compound of Example 1, 2, 3, 4, 5, 7, 8, 9, 10, 11, 12 or 13 was administered were

designated as a "partial sciatic nerve ligation + the compound of Example 1" group; a "partial
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sciatic nerve ligation + the compound of Example 2" group; a "partial sciatic nerve ligation +
the compound of Example 3" group; a "partial sciatic nerve ligation + the compound of
Example 4" group; a "partial sciatic nerve ligation + the compound of Example 5" group; a
"partial sciatic nerve ligation + the compound of Example 7" group; a "partial sciatic nerve
ligation + the compound of Example 8" group; a "partial sciatic. nerve ligation + the compound
of Example 9" group; a "partial sciatic nerve ligation + the compound of Example 10" group; a
"partial sciatic nerve ligation + the compound of Example 11" group; a "partial sciatic nerve
ligation + the compound of Example 12" group; and a "partial sciatic nerve ligation + the
compound of Example 13" group, respectively. The partial sciatic nerve ligation mouse
group to which pregabalin was administered was designated as a "partial sciatic nerve ligation
+ pregabalin” group. A group wherein distilled water was orally administered to the mice of
the partial sciatic nerve ligation group was designated as a "partial sciatic nerve ligation +
distilled water" group. A group wherein distilled water was orally administered to the mice
of the sham surgery group was designated as a "sham surgery -+ distilled water" group.

[0429]

The von Frey test was carried out before oral administration of a test compound (pre-
value), one hour, two.hours, and three hours after the oral administration of a test compound.
[0430]

2. Results:

The results are shown in Figure 1 to Figure 12. In the figures, the vertical axis
represents the total score (mean value * standard error; n= 5 to 6 in Figure 1 to Figure 12) in
the von Frey test. The higher numerical value indicates stronger pain. The horizontal axis
represents time (hr) after administration of a test compound. Efficacy was statistically
evaluated by two-sample unpaired Welch’s test or Shirley-Williams test using the "partial
sciatic nerve ligation -+ distilled water" group ("partial sciatic nerve ligation + distilled water"
in the figures) of every measurement time as a control. In the figures, mark "§ or #" indicates
that the value is statistically significant compared to the "partial sciatic nerve ligation -+
distilled water" group (§: Welch’s test (p < 0.05); or #: Shirley-Williams test (p < 0.025).
[0431]
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According to the results of the von Frey test, oral administration of the compound of
Example 1, 2,3, 4,5, 7, 8, 9, 10, 11, 12 or 13 ("partial sciatic nerve ligation + the compound
of Example 1,2, 3,4, 5,7, 8,9, 10, 11, 12 or 13" showed a statistically significant analgesic
action similarly to the positive control, pregabalin ("partial sciatic nerve ligation + pregabalin”
in the figures).

[0432]

From these results, it was clearly demonstrated that a cyclic amine derivative {(I) or a
pharmacologically acceptable salt thereof has a strong analgesic effect on neuropathic pain.
{0433]

{(Comparative Example 7) Effect on mouse partial sciatic nerve ligation model:

Using a mouse partial sciatic nerve ligation model (Seltzer model) by which
neuropathic pain can be evaluated, analgesic action of Comparative Examples 1, 3,4, 5and 6
was investigated.

[0434]

1. Experimental method:

The mouse partial sciatic nerve ligation model was prepared in accordance with the
method of Selizer ¢t al. (Malmberg et al., Pain, vol. 76, p. 215-222, 1998).

[0435]

Sle: ICR mice (5 weeks old, male; Japan SLC, Inc.) were anesthetized with sodium
pentobarbital (70 mg/kg, intraperitoneal administration). The sciatic nerve at the féemoral
region of the right hind paw of each mouse was exposed and triply ligated tightly with silk
suture of 8-0 (from NATSUME SEISAKUSHO CO., LTD.} under a stereomicroscope so that
only half thickness of the nerve was trapped in the ligature. A group of mice thus treated was
designated as a partial sciatic nerve ligation group. A group of mice whose sciatic nerve was
just exposed and not ligated was designated as a sham surgery group.

[0436]

Evaluation of neuropathic pain (hereinafter referred to as von Frey test) was performed

as follows. Mice were conditioned for at least two hours in an acrylic cage for measurement

(from NATSUME SEISAKUSHO CO. LTD. or SHINANO SEISAKUSHO) placed on a wire
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net. Thereafler, using a filament (from North Coast Medical), which exerts a pressure of 0,16
g, the mice were subjected to mechanical tactile stimulus by applying the filament to the
plantar surface of the right hind paw 3 times, each for 3 seconds, with intervals of 3 seconds.
The withdrawal response observed during each mechanical tactile stimulus was scored (G: no
response; 1: slow and/or slight withdrawal response is shown in response to the stimulation; 2:
quick withdrawal response is shown without flinching (shaking paws quickly and
continuously) nor licking (licking paws) in response to the stimulation; 3: quick withdrawal
response with flinching or licking is shown. The sum of the scores obtained in the three trials
(hereinafter referred to as the total score) was used as a pain index.

[0437]

Seven days after the sciatic nerve ligation surgery, the compound of Comparative
Examples 1, 3, 4, 5 or 6 (0.01 to 1 mg/kg for the compound of Comparative Example 1 and 10
mg/kg for each of the compounds: of Comparative Example 3 to 6) or pregabalin (10 mg/kg;
Bosche Scientific) serving as a positive control was dissolved in distilled water and then orally
administered to mice of the partial sciatic nerve ligation group. The partial sciatic nerve
ligation mouse groups to which the compounds of Comparative Examples 1, 3, 4, 5 and 6 were
separately administered, were designated as a "partial sciatic nerve ligation + the compound of
Comparative Example 1" group; a "partial sciatic nerve ligation + the compound &f
Comparative Example 3" group; a "partial sciatic nerve ligation + the compound of
Comparative Example 4" group; a "partial sciatic nerve ligation + the compound of
Comparative Example 5" group; and a "partial sciafic nerve ligation + the compound of
Comparative Example 6" group, respectively. The group to which pregabalin was
administered, was designated as a "partial sciatic nerve ligation group -+ pregabalin” group.
Furthermore, a partial sciatic nerve ligation mouse group to which distilled water was orally
administered, was designated as a "partial sciatic nerve ligation group + distilled water" group.
The sham surgery mouse group to which distilted water was orally administered, was
desighated as a "sham surgery + distilled water" group.

[0438]
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The. von Frey test was carried out before oral administration of a test compound (pre
value), one hour, two hours and three hours after the oral administration.
{0439]

2. Results:

The results of the compound of Comparative Example 1 are shown on the left side of
Figure 14; whereas the results of the compound of Comparative Example 3, 4, 5 or 6 are
‘shown on the left side of Figure 15. As a reference, the effects of the compound of Example
11 shown in Figure 10 (Example 14) are shown on the right side of each of Figures 14 and 15.
[0440]

In the figure on the left side of each of Figures 14 and 15, the vertical axis represents
the total score {(mean + standard error, n = 4 to 5) in the von Frey test. The higher numerical
value indicates stronger pain. The horizontal axis represents the passage of time (hr) after
administration of a test compound. Efficacy of the compound of Comparative Example 1, 3,
4, 5 or 6 was statistically evaluated by a multi-sample unpaired t-test (corrected by Dunnett)
using the "partial sciatic nerve ligation + distilled water" group ("partial sciatic nerve ligation
+ distilled water" in the Figures 14 and 15) of every measurement time as a control. In the
figure on the left side of each of Figures 14 and 15, mark "I" indicates that the value is
statistically significant compared to the "partial sciatic nerve ligation + distilled water" group
(1 p<0.05).

[0441]

According to the results of the von Frey test, oral administration of the compound of
Comparative Example 1, 3, 4, 5 or 6 ("partial sciatic nerve ligation + the compound of
Comparative Example 1, 3, 4, 5 or 6" in the Figures 14 and 15) showed a statistically
significant analgesic action similarly to the positive control, pregabalin ("partial sciatic nerve
‘ligation + pregabalin" in the figures).

[0442]

However, the compound of Comparative Example 1 started showing a statistically

significant analgesic action at a dose of 0.01 mg/kg; however, the strongest analgesic action

was shown one hour after oral administration. The analgesic action tended to decrease 2
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hours and 3 hours later. Similarly, the compound of Comparative Example 3, 4, 5 or 6
showed the strongest analgesic action one hour after the oral administration and the analgesic
action tended to decrease 2 hours and 3 hours later. In contrast, the compound of Example
11 started showing a statistically significant analgesic action from a dose of as low as 0.001
mg/kg and the analgesic action lasted up to 2 hours after the oral administration.
Furthermore, the analgesic action of the compound of Example 11 at a dose of 0.1 mg/kg
lasted 3 hours after the oral administration. Note that, the persistence of analgesic action was
confirmed with respect to the compound of Example 7 (shown in Figure 6), the compound of
Example 9 (shown in Figure 8) and the compound of Example 12 (shown in Figure 11).
Accordingly, it was demonstrated that the cyclic amine derivative (I) or a pharmacologically
acceptable salt thereof has more persistent analgesic action against neuropathic pain, compared
1o imidazole derivatives described in International Publication WO No. 2013/147160 (Patent
Literature 4).

[0443]

(Example 15) Effect on fibromyalgia syndrome model in rats:

Using a fibromyalgia syndrome model in rats by which fibromyalgia syndrome can be
evaluated, the analgesic action of a cyclic amine derivative () or a pharmacologically
acceptable salt thereof was investigated.

[0444]

As the cyclic amine derivative (I) or a pharmacologically acceptable salt thereof, the
compound of Example 11 was used for evaluation.
[0445]

1. Experimental method:

To prepare a fibromyalgia syndrome model rat (Sluka et al., Joumal of Pharmacology
and Experimental Therapeutics, vol. 302, p. 1146-1150, 2002; Nagakura ¢t al., Pain, vol. 146,
p. 26-33, 2009; Sluka et.al., Pain, vol. 146, p. 3-4, 2009}, which is generally employed widely
in basic research for fibromyalgia syndrome, acidic saline (100 pL) adjusted to pH 4.0 was
intramuscularly injected to the gastrocnemius muscle of the right hind paw of Crl: CD(SD) rat

(6 to 7 weeks old, male; from CHARLES RIVER LABORATORIES JAPAN, INC.} under
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continuous inhalation anesthesia with isoflurane, twice (once in each day of Day 1 and Day 6,
wherein Day 1 was the date on which the acidic saline was initially administrated). The rats
thus prepared were raised in a breeding room controlled at an indoor temperature of 21 to
25°C and an indoor humidity of 40 to 70% under the conditions of voluntary intake of food
and water. In the same manner, rats to which physiological saline in place of acidi¢ saline
was intramuscularly injected were raised. The rats thus raised and not afflicted with
fibromyalgia syndrome ("physiological saline + distilled water” group in Figure 13) were also
used in the experiment.

[0446]

Seven days after the initial administration of acidic saline, allodynia in each rat was
measured. The rats which exhibited a 50% response threshold {mean value of the right hind
paw and the left hind paw) of 2 g or more to 6 g or less were selected as fibromyalgia
syndrome model rats with the onset of fibromyalgia syndrome and subjected to the following
administration experiment. Note that, measurement of allodynia was performed by use of a
von Frey filament (from North Coast Medical) in accordance with the method described in a
known literature (Chaplan et al., Journal of Neuroscience Methods, vol. 53, p. 55-63, 1994).
[0447]

The fibromyalgia syndrome model rats thus obtained are divided inte groups such that
the 50% response threshold (mean value of the right hind paw and the left hind paw) of the
individual groups became equal, and a test compound was administered to the fibromyalgia
syndrome model rats on Day 7 after the initial administration of acidic saline.

[0448]

The compound of Example 11 (0.1 to 10 mg/kg) was dissolved in distilled water and
then orally administered to fibromyalgia syndrome model rats ("acidic saline + the compound
of Example 11" in Figure 13). Pregabalin serving as a positive control {10 mg/kg; from
KEMPROTEC) was dissolved in distilled water and then orally administered ("acidic saline +
pregabalin" in Figure 13). As a control, distilled water was orally administered to
fibromyalgia syndrome model rats ("acidic saline + distilled water" in Figure 13).

Furthermore, distilled water was orally administered to rats not afflicted with fibromyalgia
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syndrome ("physiological saline + distilled water” in Figure 13). One hour and three hours
after the oral administration, allodynia in individual rats was measured to evaluate an analgesic
action. At this time, the 50% response threshold value in the measurement of allodynia
before oral administration of the test compound on Day 7 after initial administration of acidic
saline was defined as the pre-value.

[0449]

2. Results:

The results are shown in Figure 13. In the figures, the vertical axis represents 50%
response threshold (mean value of the right hind paw and the left hind paw) (g} (mean value +
standard error, n = 5 to 6). The higher numerical value indicates that allodynia is improved
in the fibromyalgia syndrome model rats.

[0450]

Figure 13 shows the results of oral administration of the compound of Example 11. In
the figure, the horizontal axis represents the time before oral administration of the compound
of Example 11 (pre-value) and the time (hr) from the oral administration. In the figure, mark
T or #, indicates that the value is statistically significant compared to the "acidic saline +
distilled water" group ("acidic saline + distilled water" in the figure) of every measurement
time as the results of the unpaired t test or Williams test (T: t-test (p < 0.05) or #: Williams test
(p <0.025)).

[0451]

In the group to which the compound of Example 11 was orally administered ("acidic
saline + the compound of Example 11" in Figure 13), the allodynia observed in the
fibromyalgia syndrome model rats was statistically- significantly improved compared to the
"acidic saline + distilled water" group, similarly to a positive control, i.e., the group to which
pregabalin was orally administered ("acidic saline + pregabalin” in Figure 13).

[0452]

From these results, it was clearly demonstrated that a cyclic amine derivative (I} or a

pharmacologically acceptable salt thereof is effective to fibromyalgia syndrome.

[0453]
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(Comparative Example 8) Effect on fibromyalgia syndrome model in rats:

Using a fibromyalgia syndrome model in rats by which fibromyalgia syndrome can be
evaluated, the analgesic action of the compound of Comparative Example  was investigated.
(0454}

1. Experimental method:

To prepare a fibromyalgia syndrome model rat (Sluka et al., Journal of Pharmacology
-and Experimental Therapeutics, vol. 302, p. 1146-50, 2002; Nagakura et al., Pain, vol. 146, p.
26-33, 2009; Sluka et al., Pain, vol. 146, p. 3-4, 2009), which is generally employed widely in
basic research for fibromyalgia syndrome, acidic saline (100 pL) adjusted to pH 4.0 was
intramuscularly injected to the gastrocnemius muscle of the right hind paw of Sle¢: (SD) rats (6
to 7 weeks old, male; from Japan SLC, Inc.) under continuous inhalation anesthesia with
isoflurane, twice (once in each of Day 1 and Day 6, wherein Day 1 was the initial
administration date of the acidic saline). The rats thus prepared were raised in a breeding
room controlled at an indoor temperature of 21 to 25°C and an indoor humidity of 40 to 70%
under the conditions of voluntary intake of food.and water. In the same manner, rats to
which physiological saline was intramuscularly injected in place of acidic saline were raised.
The rats thus raised and not afflicted with fibromyalgia syndrome ("physiological saline +
distilled water" group in the figure on the left side of Figure 16} were used in the experiment.
[0455]

Seven days after the initial administration of acidic saline, allodynia in each rat was
measured. The rats, which exhibited a 50% response threshold (mean value of the right hind
paw and the left hind paw) of 6 g or less, were selected as fibromyalgia syndrome model rats
with the onset of fibromyalgia syndrome and subjected to the following administration
experiment. Note that, measurement of -allodynia was performed by use of a von Frey
filament in accordance with the method described in a known literature (Chaplan et al., Journal
of Neuroscience Methods, vol. 53, p. 55-63, 1994).

[0456]
The fibromyalgia syndrome model rats thus obtained were divided into groups such

that the 50% response threshold of the individual groups became equal, and the compound of
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Comparative Example 1 (0.1 to 1 mg/kg) or a positive control, pregabalin (10 mg/kg; from
Bosche Scientific), which was dissolved in distilled water, was orally administered to the
fibromyalgia syndrome mode! rats on Day 7 after the initial administration of acidic saline.
Furthermore, distilled water was orally administered to control fibromyalgia syndrome model
rats ("acidic saling + distilled water" group in Figure 16, left). Note that distilled water was
orally administered to rats not aftlicted with fibromyalgia syndrome ("physiological saline +
distilled water" group). One hour, two hours and three hours after the oral administration,
allodynia was measured in individual rats to evaluate an analgesic action of the test compound.
At this time, the 50% response threshold value in the measurement of allodynia before oral
administration of the test compound on Day 7 afier initial administration of acidic saline was
defined as the pre-value.

[0457]

2. Results:

The results of the compound of Comparative Example I are shown in Figure 16, left.
Also, the effect of the compound of Example 11 shown in Figure 13 (Example 15) is shown in
Figure 16, right, for comparison.

[0458]

In Figure 16, left, the vertical axis represents 50% response threshold (g} (mean value &
standard error, n = 4 fo 6). The higher numerical value indicates that allodynia is improved
in the fibromyalgia syndrome model rats. The horizontal axis represents the value before the
oral administration of test compounds (pre value) or the passage of time (hr) from the oral
administration. In Figure 16, left, mark "1" indicates that the value is statistically significant
(i: p < 0.05) as the result of a multi-group unpaired t-test (corrected by Dunnett) using the
"acidic saline + distilled water” group ("acidic saline + distilled water" in Figure 16, left) of
every measuring time as a control.

[0459]

In the group to which the compound of Comparative Example 1 was orally

administered ("acidic saline + the compound of Comparative Example 1" in Figure 16, left),

the allodynia observed in the fibromyalgia syndrome model rats was statistically significantly
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improved compared to the "acidic saline + distilled water" group, similarly to a positive
control, i:e., the group to which pregabalin was orally administered ("acidic saline +
pregabalin" in Figure 16, left).
[0460]
- Although the compound of Comparative Example 1 cxerted a statistically significant
analgesic action; the andlgesic action tended to significantly decrease 3 hours after oral
administration, Tn contrast, the compound of Example 11 exerfed a statistically significant
analgesic action and the analgesic action lasted up to 3 hours after the oral administration.
Accordingly, it was demonstrated that the cyclic amine derivative (I) or a pharmacologically
acceptable salt thereof exerts a long-lasting analgesic action against fibromyalgia syndrome,
compared to an imidazole derivative described in International Publication WO No.
2013/147160 (Patent Literature 4).
[0461]

(Example 16) Stability test in liver microsomes of human, monkey, dog and mouse:

Using the stability test in liver microsomes, which is known as in-vitro evaluation test .
for checking stability of a compound against hepatic metabolism, stability of the cyclic amine
derivative (I) or a pharmacologically acceptable salt thereof against hepatic metabolisms in
human, monkey, dog and mouse was evaluated.
[0462]

1. Experimental method:

Experiment was performed using the compound of Example 11, Comparative Example
1 or Comparative Example 6 as a test compound and human liver microsomes (from
Xenotech), monkey liver microsomes (from Xenotech), dog liver microsomes (from
Xenotech) or mouse liver microsomes (from Xenotech) as the liver microsomes.
[0463]

The reagents to be used in the stability test in liver microsomes were prepared as
follows. A D-glucose 6-phosphate disodium salt (hereinafter referred to as G6P) was
dissolved with distilled water to prepare an aqueous solution of G6P (100 mmol/L). Glucose

6-phosphate dehydrogenase (1000 units) from Yeast (hereinafter referred to as G6PDH) was
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dissolved with distilled water (5 mL) to prepare an aqueous solution of G6PDH (200
units/mL). MgCl, was dissolved with distilled water to prepare an aqueous solution of
MgCl, (100 mmol/L). To a 200 mmol/L aqueous solution of KoHPO4 (500 mL), a 200
mmol/L aqueous solution of KH,PO; (about 130 mL) was added and the pH of the resulting
solution was adjusted to be 7.4 to prepare a 200 mmol/L. KH,PO4/K>HPOQ4 buffer, pH 7.4
(hereinafter referred to as 200 mmol/L PB). B-Nicotinamide-adenine dinucleotide phosphate,
reduced form, tetrasodium salt (hereinafier referred to as NADPH) was dissolved with distilled
water to prepare a 10 mmol/L aqueous solution of NADPH,

[0464]

The stability test in liver microsomes was carried out in the following procedure. First,
the reagents (except NADPH) listed in Table 2 were mixed to prepare a reaction mixture.
The reaction mixture was dispensed to four wells (a well for a 0-minute reaction, a well fora
30-minute reaction, a well for a 20-minute reaction, a well for a 10-minute reaction) of a 96-
well tube plate (BM apparatus; hereinafter referred to as the plate) in an amount of 135 plL per
well, The whole plate was covered with a silicone cap and soaked in a water bath of 37°C
for 10 minutes to carry out pre-incubation.

[0465]

After the pre-incubation, a 10 mmol/L aqueous solution of NADPI (15.0 puL) was
added to the well for a 30-minute reaction. The plate was covered with a ¢ap and soakedin a
water bath of 37°C and a reaction was initiated. Ten minutes after the initiation of the
reaction, a 10 mmol/L. aqueous solution of NADPH (15.0 pL) was added to the well for a 20-
minute reaction. Twenty minutes after the initiation of the reaction, a 10 mmol/L aqueous
solution of NADPH (15.0 pL) was added to the well for a 10-minute reaction. The plate was
farther soaked in a water bath of 37°C to continue the reaction.

[0466]

Thirty minutes afier the initiation of the reaction, the plate was taken out from the water

bath and acetonitrile (120 pl) was added to each of the wells. The plate was covered,

vortexed by Direct Mixer for 10 seconds and thercafter cooled on ice for 10 minutes fo
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terminate the reaction. After termination of the reaction, a 10 mmol/L agueous solution of
NADPH (15.0 pl) was added to the well for a O-minute reaction.

[0467]

{Table 2]

Reagent {(concentration) Added volume (L) Final concentration

G6P

(100 mmalfL) 15.0 10 mmoliL

G6PDH )
(200 units/mL} 0.75 1 units/ml
MgCla
(100 mmoliL) 12.0 8 mmoliL
Liver microsomes of human, monkey, dog or
mouse 3.75 0.5 mg/mL
{20'mg/ml.)
PB
(200 mmofiL) 75.0 100 mmol/L
Test compound
{0.1 mmallL) 3.0 2 pmoliL
Distilled water 255 -
NADPH .
{10 mmoliL) 15.0 1 mmgliL.
Total volume 150.0 .

[0468]

With respect to the compound of Example 11, the reaction mixtures in individual wells
were centrifuged at 4°C and 2500 rpm for 10 minutes and the supernatants were subjected to
LC/MS/MS analysis. The LC/MS/MS analysis conditions are as follows.

[0469]
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<Conditions for human and mouse liver microsomes analysis>

{HPLC system] LC-20A/30A (Shimadzu Corporation)

[Column] Ascentis Express F5, 2.7 um
5cmx 2.1 mm (SUPELCO)

[Mobile phase] Solution A: 0.1 vol% formic acid in water
Solution B: 0.1 vol% formic acid in acetonitrile

[Flow rate] 0.7 mL/min

[Gradient program]  Solution B: 70 — 30 vol%

[0470]

<Conditions for monkey and dog liver microsomes analysis>

[HPLC system] Agiletnt 1200 (Agiletnt)
[Column] CHIRALCEL QZ-3R, 3 um
4.6 mm x 150 mm ID (DAICEL Corporation)
[Mobile phase] Methanol ; 2-propanol ; ethylenediamine
=500: 500: 0.1
[Flow rate] 0.5 mL/min
[0471]

With respect to the compound of Comparative Example 1, the reaction mixtures in
individual wells were centrifuged at 4°C and 2500 rpm for 10 minutes and the supernatants
were subjected to LC/MS analysis. The LC/MS analysis conditions are as follows.

[0472]
<Conditions for human liver microsomes>
[HPLC system)] Waters HPLC (Waters)
[Column] BEH C18, 1.7 um
2.1 mm ID x SO mum (Waters)

[Mobile phase] Solution A: 10-mM ammonium bicarbonate water (pH 10)
Solution B: acetonitrile

[Flow rate] 0.3 mL/min

|Gradient program]  Solution B: 1 — 50 vol%
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[0473]

<Conditions for monkey and dog liver microsomes=>

[HPLC system]| Waters. HPLC (Waters)

[Column] PCHILIC, 3 pum
2.0 mm ID x 50 mm (Shiseido Co., Ltd.)

[Mobile phase] Solution A: 0.1 vol% formic acid in water
Solution B: acetonitrile

[Flow rate] 0.55 mL/min

[Gradient program] Solution B: 5 — 60 vol%

[0474]
<Conditions for mouse liver microsomes>
[BHPLC system] Waters HPLC (Waters)
[Column] XBridge C18, 2.5 um

2.1 mm ID x 50 mm (Waters)
[Mobile phase] Solution A: 10 mM ammonium bicarbonate (pH 10}
Solution B: acetonitrile
[Flow rate] 0.3 mL/min
[Gradient program]  Solution B: 1 — 20 voi%
[0475]

With respect to the compound of Comparative Example 6, the reaction mixtures in
individual wells were centrifuged at 4°C and 2500 rpm for 10 minutes and the supernatants
were subjected to LC/MS/MS analysis. The LC/MS/MS analysis conditions are as follows.
[0476]

<Conditions for Human liver microsomes>

[HPLC system] Agiletnt 1200 (Agiletnt)

[Columa] Unison UK-Silica

50 mm x 3 mm (Unison)
[Mobile phase] Solution A: 0.05 mM ammonium acetate (pH 4)

Solution B: acetonitrile
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[Flow rate] 0.5 mL/min

[Gradient program]  Solution B: 50 vol%
[047T7]

<Conditions for monkey and dog liver microsomes>

[HPLC system] Agiletnt 1200 (Agiletnt)

[Column] CAPCELLPAX C18 MGIII, 5 um

2.0 mm ID x 50 mm (Shiseido Co., Ltd,)

[Mobile phase] Solution A: 10 mM ammonium formate (pH 3)

Solution B: acetonitrile
[Flow rate] 0.4 mL/min
[Gradient program]  Solution B: 1 — 90 vol%
[0478]

With respect to the chromatogram of each well obtained by LC/MS analysis or
LC/MS/MS analysis, the test compound residual ratio (%) at each reaction time t (min) was
© ealculated based on the peak area at the reaction time of 0 minute as 100%. The test
compound residual ratic was plotted on a single logarithmic graph relative to the reaction time
and fitted to the following Expression | in accordance with the least squares method to
computationally obtain the elimination rate constant k (min™). The obtained value k was
divided by the microsomal protein concentration (value) based on the following Expression 2
to computationally obtain hepatic intrinsic clearance, CLiy (mL/min/mg).

Test compound residual ratio = A x exp (—kt} ... Expression 1

CLiy = k/microsomal protein concentrationi ... Expression 2
[0479]

2. Results:

The hepatic intrinsic clearance values obtained from the stability tests in liver
microsomes are shown in Table 3. Note that, a larger hepatic intrinsic clearance value
indicates that the metabolism of the test compound in the liver microsomes is fast.
Abbreviation, "N.E." in the table indicates that a test was not carried out.

[0480]
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[Table 3]

Hepatic intrinsic clearance

Test compound {mL/min/mg)
Human Monkey Dog Mouse
Compound of Example 11 0.000 0.000 0.000 0.003
Compound of Comparative Example 1 0.001 0.002 0.000 0.004
Compound of Comparative Example 6 0.000 0.006 0.006 N.E.

[0481]

As shown in Table 3, the hepatic intrinsic ¢learance values of the test compound of
Example 11 in the stability test in liver microsomes were commonly low in all animal species
tested in this Example, compared to the value of the test compound of Comparative Example 1
or Comparative Example 6. Accordingly, it was demonstrated that the compound of
Example 11 is rarely metabolized in the livers of human, monkey, dog and mouse, in other
words, is stably present in vivo.

[0482]

From the results, it was demonstrated that the cyclic amine derivative (I} or a
pharmacologically acceptable salt thereof is more stably present in vive than imidazole
derivatives described in International Publication WO No. 2013/147160 (Patent Literature 4).
[0483]

(Example 17) Pharmacokinetics (PK) test

As a test compound, the compound of Example 11 or Comparative Example 2 was
intravenously or orally administered to monkeys and the plasma concentration afier the
administration was investigated.

[0484]

1. Experimental method:

Cynomolgus monkeys {4 to 6 years old, male) were raised under the conditions of
voluntary intake of solid food (Orierital Yeast Co., Ltd) and tap water and fasted from the

evening of the day before initiation of administration and subjected to an experiment, Note
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that blood was sampled at 4 hours after administration (on and after 16:00), and thereafter
feeding was restarted.
[0485]

The compound of Example 11 or Comparative Example 2 was single administered
intravenously (1 mg/kg) or -orally (1 mg/kg) to eynomolgus monkeys. Dosing solution for
‘intravenous administration of the compound of Example 11 or Comparative Example 2 was
prepared by dissolving the compound in physiological saline specified by the Japanese
Pharmacopoeia so as to obtain a concentration of 10 mg/mL. Dosing solution for oral
administration of the compound of Example 11 or Comparative Example 2 was prepared by
dissolving the compound in the injection water specified by the Japanese pharmacopoeia so as
to obtain a concentration of 1 mg/mL. Dosing solution for intravenous administration was
injected through the saphenous vein by use of a syringe needle (attached to a syringe barrel).
The oral administration into the stomach was compulsively carried out by inserting a catheter
into the nasal cavity.

[0486]

When the dosing solution for administration of the compound of Example 11 or
Comparative Example 2 was intravenously administrated, blood was collected from the
forearm cephalic vein under no anesthesia at each of the time points (9 points in total): e.g.,
béfore intravenous administration, 5, 15, 30 minutes atnd 1, 2, 4, 8, 24 hours after the
administration.

[0487]

When the dosing solution for oral administration of the compound of Example 11 was
orally administrated, blood was collected from the forearm cephalic vein under no anesthesia
at each of the time points (9 points in total): e.g., before oral administration, 15, 30, 45 minutes
and 1, 2, 4, 8, 24 hours after the administration. When the dosing solution for oral
administration of the compound of Comparative Example 2 was orally administrated, blood
was sampled from the forearm cephalic vein under no anesthesia at each of the time points (9
points in total): e.g,, before oral administration, 30 mimutes and 1, 2, 3, 4, 6, 8, 24 hours after

the administration.
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[0488]

The blood sampled was centrifuged at 4°C and 1800 x g for 15 minutes to obtain the
plasma. The plasma thus obtained was stored at about -80°C until use in preparation of
analysis samples. Note that, the plasma obtained from a cynomolgus monkey to which a test
compound was administrated, is referred to as a plasma sample; whereas the plasma obtained
from a cynomolgus monkey to which a test compound was not administered, is referred to as
the blank plasma.

[0489]

To the plasma sample (50 pL} obtained from a cynomolgus monkey to which the
compound of Examplé 11 was administrated or the plasma sample (50 (L) appropriately
diluted with the blank plasma, an internal standard solution and 200 uL of methanol were
added. The resulting solution was vortexed and cooled at 4°C for 10 minutes. A sample for
a calibration curve was prepared by adding a standard solution for a calibration curve to the
blank plasma and subjecting the resulting mixture to the same treatment, After cooling, each
of the samples was spun at 4°C and 2000 rpm for 10 minutes by a centrifuge (Hitachi Koki
Co., Ltd.). The resulting supernatant was used as a sample for LC/MS/MS analysis. The
LC/MS/MS analysis conditions were the same as those employed for the stability test in liver
microsomes of monkey and dog (<Conditions for monkey and dog liver microsomes>) of the
compound of Example 11, described in Example 16.

[0490]

To the plasma sample (50 pl) obtained from a cyromoigus monkey to which the
compound of Comparative Example 2 was administrated or a plasma sample (50 pL)
appropriately dituted with the blank plasma, an intemnal standard solution and 150 pL of
methanol were added. The resulting solotion was vortexed and cooled at 4°C for 10 minutes.
A sample for a calibration curve was prepared by adding a standard solution for a calibration
curve to the blank plasma and subjecting the resulting mixture to the same treatment. Afier
cooling, each of the samples was spun at 4°C and 2000 rpm for 10 minutes by a centrifuge

(Hitachi Koki Co., Ltd.}). The resulting supematant was diluted 10 fold with 70 vol%
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acetonitrile containing 0.1 vol% formic acid and subjected as a sample for LC/MS/MS

analysis. The LC/MS/MS analysis conditions were as follows.

[0491]
[HPLC system] Agiletnt 1200 (Agiletnt)
[Column] Ascentis Express F5, 2.7 pm
5 cm x 2.1 mm (SUPELCO)
[Mobile phase] Solution A: 0.1 vol% formic acid in water
Selution B: 0.1 vol% formine acid in acetonitrile
[Flow rate] 0.7 mL/min
[Gradient program]  Selution B: 70 — 30 vol%
[0492]

Based on the results of the LC/MS/MS analysis, a calibration curve was prepared by
using Analysis 1.6.2 (Applied Biosystems) and the concentrations of test compounds in the
analysis samples were calculated. The test-compound concentrations in the plasma at each
sampling time point in the case of intravenous administration or oral administration were
calculated and PK analysis was carried out for individual monkeys. PK parameters were
calculated by using WinNonlin (Pharsight), in accordance with an analysis independent of a
model (intravenous administration: Bolus. IV Administration, oral administration:
Extravascular Administration; Weight = 1/y in both administrations),  Furthermore,
bioavailability (BA) was calculated based on the following Expression 3 by dividing AUCjjy
(time 0 to o) at the time of the intravenous administration and AUCq .. po (time 0 to o) at the
time of the oral administration by respective dose values to obtained as normalized values.

Bioavailability (BA) = (AUCq, po/dose)/(AUC., iv/dose} ... Expression 3
[0493]

2. Results:

The plasma concentration-time curves of the compound of Example 11 are shown in
Figure 17 and the plasma concentration-time curves of the compound of Comparative
Example 2 are shown in Figure 18. Each plot and bar represents the mean plasma

concentration = sfandard deviation at each time point. The PK parameters are shown in
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Table 4. Cuux (ng/mL) represents a maximum plasma concentration in the case of oral
administration;, AUCqw, po (ng:h/mL) represents the area under the curve of plasma
concentration in the case of oral administration; t,» (h) represents the elimination half-life in
the plasma in the case of oral administration; CL,, (mL/h/kg) represents total body clearance
in the case of intravenous administration; and BA (%) represents bioavailability.

[0494]

[Table 4]
Compound of
Compound of .
PK parameters Test compound Example 11 Comparative
Example 2
Crax{ng/mL) 279 146
AUCo...po(ng h/mL} Oral administration 273 849
ti2(h) 7.55 6.56
Intravenous
Clua(mlih/kg) administration 195 501
BA(%) 526 426
[0495]

As is shown in Figure 17 and Figure 18, the mean.pl.asma concentration of the
compound of Example 11 after administration to cynomolgis monkeys was higher than the
mean plasma concentration of the compound of Comparative Example 2 after administration
to cyromolgus monkeys af all time points,

[0496]

As is shown.in Table 4, the maximum plasma concentration (Cpy) of the compound of
Example 11 in the case of oral administration was 279 ng/mlL; whereas the Cp,y -of the
compound of Comparative Example 2 was 146 ng/mL. The elimination half-life (ti») of the
compound of Example 11 in the plasma in the case of the oral administration was 7.55 h;
whereas the 42 of the compound of Comparative Example 2 was 6.56 h. The total body
clearance (CLyy) of the compound of Example 11 representing the climination rate of the
compound was 195 mL/h/kg; whereas the CLy: of the compound of Comparative Example 2

was 501 mL/h/kg.  The bioavailability (BA) of the compound of Example 11 representing the
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percentage of oral absorption of the compound was 52.6%; whereas the BA of the compound
of Comparative Example 2 was 42.6%.
[0497]

From the results, it was demonstrated that the cyclic amine derivative (I} or -a
pharmacologically acceptable salt thereof has higher oral absorbability and can provide a
higher plasma concentration compared to an imidazole derivative described in International
Publication WO No. 2013/147160 (Patent Literature 4).

[0498]

(Example 18) Evaluation of the inducibility of cytoplasmic vacuolation using aortic
smooth muscle cells:

Using aortic smooth muscle cells as an in vitro evaluation system for the inductibility
of cytoplasmic vacuolation by a compound, the inducibility of ¢ytoplasmic vacuolation by the
cyclic amine derivative (I) or a pharmacologically acceptable salt thereof was evaluated.
[0499

1. Experimental method:

As a test compound, the compound of Example 3, 9, 11, 12 or compounds of
Comparative Examples 2 to 6 were used. Canine aortic smooth muscle cells (Canine Aortic
Smooth Muscle Cells, supply source: Toyobe Co., Ltd.) or human aortic smooth muscle cells
of (T/G HA-VSMG, supply source: ATCC) were treated with a test compound (1.0 -or 1.2
mmol/L. in concentration} for 24 hours or 2 weeks. The cells were stained with HE,
immunohistochemically for LAMP-2 or toluidine blue, and thereafter the presence or absence
of cytoplasmic vacuolation was determined by using an optical microscope.

[0500]

2. Results:

The evaluation resulis of the inducibility of cytoplasmic vacuolation are shown in
Tables 5 and 6. Table 5 shows the evaluation results using canine aortic smooth muscle cells
(test compound concentration: 1.0 mmol/L, treatment time with the test compound: 24 hours);
whereas Table 6 shows the evaluation results using human aortic smooth muscle cells (test

compound concentration: 1.0 or 1.2 mmol/L, treatment time with the test compound: 24 hours
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or 2 weeks). The term "present” in the tables means that cytoplasmic vacuolation was

observed; whereas the term "absent” means that cytoplasmic vacuolation was not observed.

[0501]
[Table 5]
Canine aortic smooth muscle cells
Test compound
Concentration: 1.0 mmol/L Inducibility of cytoplasmic vacuolation
Treatment time: 24 hours
Compound of Example 11 Absent
Campound of Comparative Example 2 Present
Compound of Comparative Example 3 Present
Compound of Comparative Example 4 Present
Compound of Comparative Example 5 Present
Compound of Comparative Example 6 Present
[0502]

As is shown in Table 5, the inducibility of cytoplasmic vacuolation in canine aortic
smooth muscle cells by the compound of Example 11 was evaluated as "absent", meaning that
cytoplasmic vacuolation was not observed. In contrast, it was found that all compounds of
Comparative Examples have the inducibility of cytoplasmic vacuolation in canine aortic
smooth muscle cells.

[0503]
[Table 6]

Human aortic smooth muscle cells

Inducibility of cytoplasmic

compoln j
Test pound vacuolation

. Concentration: 1.2 mmol/L
Compound of Example 3 Treatment fime: 24 hours Absent

Concentration: 1.2 mmol/L
Compound of Example 9 Treatment fime: 24 hours Absent

; Concentration: 1.0 mmol/L
Compound of Example 11 Treatment fime: 24 hours Absent

. Concentration: 1.0 mmol/L
Compound of Example 11 Treatment time: 2 weeks Absent

! Concentration: 1,0 mmaol/L
Compound of Example 12 Treatment lime: 24 hours Absent

Compound of Comparalive Concentration: 1.0 mmo¥/L

P
Example 2 Treatment time: 24 hours resent
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[0504]

As is shown in Table 6, the inducibility of cytoplasmic vacuolation in human aortic
smooth muscle cells by the compound of Example 3, 9, 11 or 12 was evaluated as "absent",
meaning that cytoplasmic vacuolation was not observed. In addition, cytoplasmic
vacuolation was not observed by the compound of Example 11 even if the treatment time was
extended up to two weeks. In contrast, it was found that the compound of Comparative
Example 2 has the inducibility of cytoplasmic vacuolation in human aortic smooth muscle
cells.

[0505]

From the results, it was demonstrated that the inducibility of cytoplasmic vacuolation
by the cyclic amine derivative (I) or a pharmacologically acceptable salt thercof was not
observed; however; imidazole derivatives described in International Publication WO No.
2013/147160 (Patent Literature 4) have the inducibility of cytoplasmic vacuolation.

[0506]

(Example 19} Evaluation of safety in rat:

The safety of the cyclic amine derivative (I) or a pharmacologically acceptable salt
thereof was evaluated by subjecting rats to a two-week oral administration test,

[0507]

1. Experimental method

As a test compound, the compound of Example 11 or Comparative Example 2 was
used. The compound of Example 11 or Comparative Example 2 was administered orally to
Crl: CD (SD) rats (7 weeks old, female and male; from Charles River Laboratories, Inc.), for 2
weeks.  Clinical observation, body weight measurement, food intake measurement,
ophthalmologic examination (the compound of Example 11, alone), hematological
examination, blood chemistry examination, urinalysis, bone marrow examination, pathological
anatomical examination, organ weight measurement, histopathological examination -and
immunotoxicity test were carried out. In addition, toxicokinetics (TK) measurement was

carried out on Day 1 and Day 14 after administration. It was confirmed that each test
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compound was exposed. The administration dose of a test compound was specified as 0, 250,
500, 1000 mg/kg/day and administration volume was specified as 10 mL/kg.  As an
administration solvent, phosphate-buffered saline was used for the compound of Example 11
and distilled water was used for the compound of Comparative Example 2.

[0508]

2. Results

In rats to which the compound of Comparative Example 2 was orally administered in a
dose of 250 mg/kg/day for 2 weeks, abnormality was not observed in either one of
examination items. However, in the case where the compound of Comparative Example 2
was administered in a dose of 500 mg/kg/day or more, vacuolation was observed in e.g., the
media of blood vessels of submandibular gland. TFrom this, the no observed adverse effect
level of the compound of Comparative Example 2 was estimated as 250 mg/kg/day. In
contrast, in the case of rats to which the compound of Example 11 was administrated in a dose
-of up to 1000 mg/kg/day, abnormality was not observed in either one of examination items.
From this, the no observed adverse effect level of the compound of Example 11 was estimated
as 1000 mg/kg/day or more.

[0509]

From the resuits, it was demonstrated that the no observed adverse effect level of the
cyclic amine derivative (I} or a pharmacologically acceptable salt thereof is high compared to
that of an imidazole derivative described in International Publication WO No. 2013/147160
(Patent Literature 4).

[0510]

The medicinal properties (drug efficacy, pharmacokinetics and safety) of the cyclic
amine derivative (I} of the present invention or a pharmacologically acceptable salt thereof,
‘which were obtained from the results of the above Examples are shown in Table 7 in
-comparison with those of an imidazole derivative described in Intemational Publication WO
No. 2013/147160 (Patent Literature 4). The general formulas of the cyclic amine derivative

(I) of the present invention or a pharmacologically acceptable salt thereof and an imidazole
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derivative described in International Publication WO No. 2013/147160 (Patent Literature 4)

are shown in Table 8.

[0511]
[Table 7]
Cyclic amine derivative (I} or a | Imidazole derivative described
Object of comparison | pharmacologically acceptabls | in International Publication WO
ltems of salt thereof No. 2013/147160 (Patent
comparison Literature 4}
Dose Further low Low
Efficacy: -
Persistency Long Short
Metabolic stability Further high High
Pharmacokinetics Oral absorbability High Low
Plasma concentration High Low
Non-toxic level High Low
Safety Inducibility of
cytoplasmic Absent Present
vacuolation
[0512]
[Table 8]
Object of comparison General formula
Cyclic amine derivative (1) or R
a pharmacoclogically N N
acceptable salt thereof \NL/>
A =~
\ N
&) O“RZ
A

3
R3 R? RS
| | N7

o bNG\f

Imidazole derivative CHs

described in  Intemational N

Publication WO No. H,C” \C, N A

2013/147160 (Patent ’>\ 2

Literature 4} N\[(\X\/&N R
0 R

Iwherein R' represents an alkyl group having 1 to 6 carbon atems optionally
substituted with a halogen atom or an alkyloxy group having 1 to 4 carbon
atoms, R® represents a hydrogen atom or & halogen atom; and X represénts a
single bond or a double bond.]
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[0513]

As is shown in Table 7, it was demonstrated that the cyclic amine derivative (I) of the
present invention or a pharmacologically acceptable salt thereof has more excellent properties
as a medicine than an imidazole derivative described in Intemational Publication WO No.
2013/147160 (Patent Literature 4) with respect to all comparative items (efficacy,
pharmacokinetics and safety).

[0514]

The Imidazole derivative described in International Publication WO No. 2013/147160
(Patent Literature 4) is represented by the general formula described in the lower stage of
Table 8. International Publication WO No. 2013/147160 (Patent Literature 4, paragraph
[0209]) discloses that if the chemical structure represented by the general formula described in
the lower stage of Table 8 is converted into another (chemical) structure, i.e., "if the dimethyl
amino group, X or the imidazolyl group is replaced with another group or structure, analgesic
action significantly decreased”. In contrast, the cyclic amine derivative (I) of the present
invention or a pharmacologically acceptable salt thereof corresponds to the compound
represented by a chemical structure obtained by replacing cheémical structure X shown in the
general formula in the lower stage of Table 8 with another chemical structure. Nevertheless,
the cyclic amine derivative (1) of the present invention or a pharmacologically acceptable salt
thereof has not only excellent analgesic action but also persistence of the efficacy thereof,
unlike the imidazole derivative described in International Publication WO No. 2013/147160
(Patent Literature 4), and further has high safety and excellent pharmacokinetics (e.g.,
metabolic stability, oral absorbability and plasma concentration). Accordingly, it was found
‘that the cyclic amine derivative (I) of the present invention or a pharmacologically acceptable

salt thereof is a compound having excellent properties as a medicine.

Industrial Applicability
[0515]
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The cyclic amine derivative of the present invention or a pharmacologically acceptable
salt thercof can be used as medicines for pain symptoms since it can exhibit an analgesic
action against pain, in particular, neuropathic pain or fibromyalgia syndrome.

The cyclic amine derivative of the present invention or a pharmacologically acceptable
salt thereof has high safety, excellent pharmacokinetics such as metabolic stability, oral
absorbability and plasma concentration, and persistence of drug efficacy, and thus, is useful as

a therapeutic agent for pain, particularly neuropathic pain or fibromyalgia syndrome.
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Claims

[Claim 1]
A cyclic amine derivative represented by a general formula (I) or a pharmacologically
acceptable salt thereof:

[Formula 1]
R{
"
N N
wherein carbon marked with * is asymmetric carbon; and A represents a group represented by

a general formula (Ila), (IIb) or (Ifc):
[Formula 2]}

3
R:_S R3 R
| i N7

5 o k/
" N\Q\l\; . N(\@N__é N\O\l\f

(IT1a) (I1D) (I1c)

wherein R' represents a methyl group or an ethyl group optionally substituted with a halogen
atom, R? represents a hydrogen atom or an alkylcarbonyl group having 2 to 5 carbon atoms,
each R? independently represents a methyl group or an ethyl group, and n represents 1 or 2.
[Claim 2]

The cyclic amine derivative or the pharmacologically acceptable salt thereof according
to Claim 1, wherein A is a group represented by the general formula (Ila).
[Claim 3]

The cyclic amine derivative or the pharmacologically acceptable salt thereof according
to Claim 1, wherein A 1s a group represented by the general formula (IIb) or (Ilc).

[Claim 4]
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The cyclic amine derivative or the pharmacologically acceptable salt thereof according
to Claim 1, wherein A is a group represented by the general formula (Ila) and the
stereochemical configuration of the asymmetric carbon marked with * is S.

[Claim 5]

The cyclic amine derivative or the pharmacologically acceptable salt thereof according
to any one of Claims 1 to 4, wherein R! represents a methyl group ot an ethy! group optionally
substituted with a fluorine atom.

[Claim 6]

The cyclic amine derivative or the pharmacologically acceptable salt thereof according
to any one of Claims 1 to 4, wherein R is a methyl group, an ethyl group, a difluoromethyl
group or a 2,2,2-trifluoroethyl group.

[Claim 7]

A medicine comprising the cyclic amine derivative or the pharmacologically acceptable
salt thereof according to any one of Claims 1 to 6 as an active ingredient.
[Claim 8]

An agent comprising the cyclic amine derivative or the pharmacologically acceptable
salt thereof according to any one of Claims 1 to 6 for use as an analgesic.
[Claim 9]

Use of the cyclic amine derivative or the pharmacologically acceptable salt thereof
according to any one of Claims 1 to 6 in the manufacture of a medicament for treating
neuropathic pain.

[Claim 10]

Use of the cyclic amine derivative or the pharmacologically acceptable salt thereof

according o any one of Claims 1 to 6 in the manufacture of a medicament for treating

fibromyalgia syndrome.
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Total score

Time after administration of test compound {hi)

Fig. 1

—0— Sham surgery + distilled water {oral administration)

—o— Partial sciatic nerve ligation group + distilled water-(oral administration)

—— Partial sciatic nerva ligation group + pregabalin, 10 mofkg {oral administration)

— 4 Parlial scialic nerve ligafion group + compound of Example 1, 10 mglkg (oral
administration)
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Total score

7 T
=8
‘])_\0—__0—//’8
L ) 1 1
Pre 1 2 3

Time after administration of test compaund {hr)

Fig. 2

~—O— Sham surgery + distilled water (oral admiriistration)
—@— Partial sciatic nerve ligation group + distilled water {oral administration)
—a— Partial sciatic nerve ligation group + pregabalin, 10 mg/kg (oral administration)

—a— Partial sciatic nerve figation group + compound of Example 2, 10 mgikg {oral
administration)
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Total score

Fig. 3

—CO—— Sham surgery + distilled waler (oral administration)

—a@—— Partial sciatic nerve iigation group + distilled water (oral administration)

Partial sciatic nerve ligation group + pregabalin, 10 mg/kg {oral administration)

Partial sciatic nerve ligation group + compound of Example 3, 10 mgfkg {oral

] l.§ T T administration)
p——o—""]

0 [ H ] 1
Pre 1 2 3

Time after administration of test compound {hr)
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Total score

[
RO

Time afier administration of fest compound (hr)

Fig. 4

—0— Sham surgery + distilled water {oral administration)

—&— Parlial sciatic nerve ligation: group + distilled water {oral administration)

——— Partial sciatic nerve ligation group + pregabalin, 10 mgfkg {oral administration)

— Partial sciatic nerve ligation group + compound of Example 4, 10 mgikg (oral
administration)
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Total score

Time after administration of test compound (he)

Fig. 5

——O—8ham surgery + distilled water (oral administration)

~—®—Partial sciatic nerve ligation group + distilled water (oral administration)

——Partial sciatic nerve ligation group + pregabalin, 10 mg/kg (oral administration)

—a—Partial sclatic nerve ligation group + compound of Example 5, 10 mgfkg (oral
administration)
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Total score

Fig. 6

\
]
()
T

1 2 3
Time afler administration of test compound (hr)

6/18

Sham sufgery + distilled water {oral adminisiration}

Partial sclatic nerve ligation group + distilled water (orat administration)

Partial sciatic nerve ligation group + pregabalin, 10 mg/kg {oral administration)

Patial sciatic nerve ligation group + compound of Example 7, 0.01 mg#kg (orat administrafion)
Partial sciatic nerve ligation group + compeund of Example 7, 6.1 mgikg {oral adminisiration)

Partial sciatic nerve ligalion group + compound of Example 7, 1 mgfkg (oral administration)



Total score

Time after administration of test compound (hr)

Fig. 7

~0— Sham surgery + distillad water {oral administration)
—o— Partial sciatic nerve ligation group + distilled water (oral administration)
—— Partial sciatic nerve ligation group + pregabalin, 10 mg/kg.(cral administration)

Partial sclatic nerve ligation group + compound of Example 8, 10 mgfkg (oral
administration)
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Total score

Tinte after administration of test compound {hr)

Fig. 8

8/18

Sham surgery + distilled water {oral administralion}

Partial sclatic nerve ligation group + distiled waler {oral administration)

Partial sciatic nerva ligation group + pregabalin, 10 myfkg (oral administration)

Partial sciatic nerve ligation graup + compound of Example 8, 0.01 mg/kg (oral administration)
Partial sciatic nerve ligation group + compound of Example 9, 0.1 mg/kg (oral administration}

Partial sclatic nerve ligation group + compound of Example 9, 1 mgrkg (oral administration)

* Partial sclatic nerve ligation group + compound of Examgle B, 10 meykg (cral administration)



Total score

Fig. 9

—-0— 3ham surgery + distilled water (oral administzation)

——&— Partial sciatic nerve ligation group + distilled water {oral administration}

i — Partial sciatic nerve figation group.+ pregabalin, 10 mg/kyg {oral administration)

— Parﬁ_al. scie?tic nerve figafion group + compound of Example 10, 10 mglkg (oral
administration}

Time after administration of test compound {hr)
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Total score

Fig. 10

Time after administration of test compound (hr)

10/18

Sham surgery + distilted water {oral administration}

Parlial sciatic nerve ligation group + distilled wafer (oral administration)

Partial sciatic nerve ligation grotip + pregabalin, 10-mg/kg (oral administration}

Partial sciatic nerve ligation grous +cempound of Example 11, 0,094 mg/kyg (oral administration)
Partial sciatic nerve ligaticn groug + compound of Example 11, 0.01 mg/kg (oral administration)

Partiat sciatic nerve figation group + compound of Example 11, 0.1 mg/kg {oral administration)



Total score

Time afler administration of test compound {hr)

Fig. 11

Shan surgery + distiled waler {eral administration)

Parlial sciatic nerve figation group + distilled water {oral administrafion)

Parlial sciaffc nerve ligation group + pregabatin, 10 mgfkg {oral administration)

Partial sciatic nerve figation group + compatnd f Example 12, 0.01 mg/kg (ora! administration)
Partial sclafic nerva ligatien-group + compound of Example 12, 8.1 mgfkg (oral administration)

Partial sclatic nerve ligatien group.+ compound of Example 12,  mgfkg {oral adminisiration)
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Total score

| 2 3
Time after administration of test compaund (hr)

Fig. 12

Sham surgery + distiled water (oral administration)

Parfial sciatic nerve ligation group + distiled water {oral administrafion)

Partial sciatic nerve ligation group + pregabalin, 10 mg/kg (oral administration)

Pariiat sciatic nerve ligation group + compound of Example 13, 10 mgtkg (oral
administration}
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50% response threshold {g}

Fig. 13

Time after administration of test compound ¢hr)

—o— Saline + distilled water {oral administrafion)

—®— Acidic saline + distilled wafer (oral administration)

& Acidic saling + pregabalin, 10 mg/kg {oral administration)

—&— Acidic saline + compound of Example 11, 0.1 mgtkg (oral administration)
'_E""‘ Acidic saline + compound of Exampie 11, 1 mgtkg {oral administration)
—&8— Acidic saline + compound of Example 11, 10 mg/kg (oral administration)
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Fig. 14

Compound of Comparative Example 1

Compound of Example 19

Total score

Pre i - 2 3
Time after adrinistration of test compound (hr}

=—(uem Sham surgery + distlled water (oral admintstiation)
—o—Parlial sdlatic nerve ligation group + distilled water (oral administration)

——— Parlial sciatic nerve ligation group + pregabalin, 10 mgfkg (oral administration)

Partial sciatic nerve ligation group + compound of Comparative Example 1,
—— .01 mg/kg taral adminstration)
Partiaf sciatic nerve ligatien group + compound of Comparative Example 1,
B (1,1 myfkg {ora! adminisiration)
g Partial sclatic nerve ligation group + compound of Canparative Example 1,
1-mg/kg [oral administration)

Total score

Time after administration of test compound {hr)

==-C— Sham surgery + distiled water {cral adminislration}
—&— Partial sciafic nerve fgalion group + distiled water {aral adminfsiration)
A Partial sciatic nérve Egation group + pregabalin, 10 mgikg {oral administration}

Partial sciajic nerve ligation group + compound of Example 11, 0.001 mgfkg
{oral admnistration}

—D— Partial sciafic nerve figation group + compound of Exaraple 11, 0.9t mgikg {oral
administration}

8= Partial sclatic nerve ligalion group + compound of Example 11, 0.1'mgikg {ora)
adminisiration)
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Fig. 15

Compounds of Comparative Examples 3fo 6

Compoundof Example 11

@
(%.
T
e
Time after administration of test compound (hr}
Shant surgery + distilled water (oral aéministration} ——
Partial scialic nerve ligation group + distiled water (orat administation) ——

Paslial siatic nérve ligation group + pregabalin, 10 mokg (oral administration) ——

Partial sciatic nerve ligation group + compound of Comparative Exansple 3, 10
mgrkg foral admiin{stragion)

Parfiaf sciafic nerve ligation group + compound of Comparative Exampla 4, 10 o

mg/ky (orat administration]

Partial sciatic nerve ligation graup + cempound of Comparative Example 5, 10 | ——gg—

mg/kg (osal adrinislration)
Partial scidtic nerve ligation group + compound of Comparative Example 6, 10
mg/kg (oral administration)

Total score

“Time after administration of test compound (hr)

Sham suirgery + distiled water (oral administration}

Partial sclalic nerve ligatian group + distlled water {oral administration)

Pariial sciatic aerve Yigation group + pregabalin, 10 mg/kg {oral administration)
Partial sciatic nerve ligabion group + compound of Example 14, 0.001 mg'kg
(oral administration}

Partial sciafic nerve ligation group + compound of Example 11, 0.01 mgfkg {oral
adminislration)

Fadial selatic nerve ligation group + compound of Exampie 11, 9.1 mafhy {oral
administraion)
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Fig. 16

‘Compound of Comparative Example 1

Compound of Example 11

50% respense threshold (g)

Time after administration of test compound (hi)

—— Saline + disilled waler (oral administration)
—8&— Acidic saline + disillad water {oral administration)
—n— Acidic saline ¢ pregabatin, 10 mg/kg (oral administration)

Acidic safine + compound of Comparaiive Example 1, 0.4 mgkg (oral

& administrafion)

Acidic saline + compovnd of Comparative Example 1, 1 mgkg (oral

administration)

——

[ —

—_—

—---

50% response threshold {g}

0
v g T 1

Pre | 2 3

Time after administration of test compound (hr)

Saline + distilled water (oral administration)

Acldic saline + distillad waler (oral administration}

Acidic saline + pregabalin, 10 mgikg {oral administralicn)

Acidic saling + compound of Example 11, 0.1 mg/kyg {orat administration)
Acidic safine + compound of Example 11, 1 mafkg {oral administration}

Acidic saline + compound of Example 11, 10 mgrkg (oral administration)
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Fig. 17

Plasma concentration (ng/ml.)

[N JNE RO et M il it e |

O 4 8 12 16 20 24
Time (h)

— o— Intravenous, 1 mgfky

- —&— Oral, 1 mg/kg
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Fig. 18

10000

—o— Intravenous, 1 mg/kg

100

—a— Oral, 1 mgfkg

Plasma concentration {ng/mL)

Time (h)
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