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DESCRIPTION

TITLE OF THE INVENTION: CINNAMIC ACID AMIDE
DERIVATIVE

JTECHNICAL FIELD

[0001] The present invention relates to a cinnamic acid amide derivative or
a pharmaceutically acceptable salt thereof. Also, the present invention
relates to a pharmaceutical agent such as an analgesic, containing, as an
active ingredient, at least one member of the compound and a

pharmaceutically acceptable salt thereof.

BACKGROUND ART

[0002] “Pains” are roughly classified by causes of diseascs into nociceptive

pain (so-called general “pain”) caused by a strong stimulus (nociceptive
stimulus) that would result in damages to body tissues, and neuropathic
pain, which is a disease pain resulting from an injury or malfunction of the
central or peripheral nerve . This neuropathic pain causes, in addition to a
spontaneous pain, a symptom such as a hyperalgesia that lowers the pain
thresholds against the nociceptive stimulus and a severe pain (allodynia)
caused by tactile stimulation that usually does not induce the pain. Once
the morbid state is completed, it turns chronically whereby the outcome is
very intractable.

[0003] At present, non-steroidal anti-inflammatory drugs (NSAIDs), non-

narcotic analgesics, narcotic analgesics, and the like are used against
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gencral “pains,” so that therapeutic methods thersfor have begun to be
established. However, there are hardly any analgesics that can satisfy the
neuropathic pains under the current situation.

[0004] As a result of intensive studies on the compounds that show cffects

th

on various pains, the present inventors have found that the cinnamic acid
amide derivative of the present invention has exccllent analgesic actions to
not only a nociceptive pain model animal but also a neuropathic pain
model animal. As cinnamic acid amide derivatives, Patent Publication 1
discloses a compound having antidepressant action and analgesic action.
10 However, only the effects on nociceptive pains are evaluated, and actions

on chronic pains such as neuropathic pains are not described at all.

PRIOR_ART REFERENCES
PATENT PUBLICATIONS

15 [0005] Patent Publication 1: Japanese Patent Laid-Open No. Sho-50-30842

SUMMARY OF THE INVENTION
PROBLEMS TO Bl SOLVED BY THE INVENTION

[0006] An object of the present invention is to provide a cinnamic acid
20 amide derivative which is useful as a pharmaceutical agent such as an

analgesic.

MEANS TQ SOLVE THE PROBLEMS

[0007] As a result of intensive studies on compounds showing effects

against various pains, the present inventors have found that a cinnamic

[SS]
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acid amide derivative represented by the following general formula (1) has
an excellent analgesic action in a model animal for nociceptive pains and a
pathological model animal for neuropathic pains, so that the cinnamic acid
amide derivative is uscful as a pharmaceutical agent such as an analgesic.

The present invention has been perfected thereby.

EFTECTS OF THE INVENTION

[0008] The cinnamic acid amide derivative of the present invention is a
compound that shows excellent analgesic actions at low doses to not only a
model animal for nociceptive pains but also a model animal for
neuropathic pains, so that the cinnamic acid amide derivative is very useful

as a drug for treating various pain discases and the like.

MODES FOR CARRYING OUT THE INVENTION

[0009] The present invention relates to a novel cinnamic acid amide
derivative or a pharmaceutically acceptable salt thereof, wherein the

cinnamic acid amide derivative is represented by the following general

formula (1):
X, o
N NH — (CHyn — R,
X5 R,

4y

whercin n stands for an integer of from 0 to 4;

X, and X,, which are identical or diffcrent, stand for a hydrogen, a
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fluorine, a trifluoromethyl, or a carboxy, and either one of X and X,
stands for a substituent other than a hydrogen;

R, stands for:

- an imidazolyl which may be substituted with alkyl having 1 to 6 carbon
atoms or phenyl;

- a pyrrolyl which may be substituted with alkyl having 1 to 4 carbon
atoms;

- a phenyl substituted with amino, alkoxy having 1 to 4 carbon atoms,
pyrazolyl, isoxazoly! or norpholino;

- a phenyl substituted with thiomorpholino which may be substituted with
0X0;

- a piperazino which may be substituted with alkyl having 1 to 4 carbon
atoms or cyclohexyl;

- a thiomorpholino which may be substituted with one or two oxos;

- an amino which may be substituted with one or two allkyls having 1 to 4
carbon atoms; or

- any one of substituents selected from guanidino, benzoimidazolyl,
indazolyl, pyrazolyl, triazolyl, pyridyl, pyrrolidinyl, piperidino,
hexamethyleneimino, morpholino, and cyclohexylamino; and

R, stands for a hydrogen, a cyano or an alkyl having 1 to 4 carbon atoms,
with proviso that in a case of n=0, R; stands for a substituent other than a
pheny! substituted with morpholino; in a case of n=1, R; stands for a
substituent other than a pyridyl; in a case where R, is a morpholino and R,
is a hydrogen, when either one of X; and X; is a hydrogen, the other

stands for a substituent other than a fluorine.




10

15

20

(%]

In addition, the present invention relates to a pharmaceutical agent
such as an analgesic, containing, as an active mgredient, at least one
member of a cinnamic acid amide derivative and a pharmaceutically
acceptable salt thereof, wherein the cinnamic acid amide derivative is

represented by the foliowing general formula (1):

X, o

N NH— (CH)n— R,
% k m
wherein n stands for an integer of from U to 4;
X, and X,, which are identical or different, stand for a hydrogen, a
fluorine, a trifluoromethyl, or a carboxy, and either one of X; and X,
stands for a substituent other than a hydrogen;
R; stands for:
- an imidazolyl which may be substituted with alkyl having 1 to 6 carbon
atoms or phenyl;
- a pyrrolyl which may be substituted with alkyl having I to 4 carbon
atoms;
- a phenyl substituted with amino, alkoxy having 1 to 4 carbon atoms,
pyrazolyl, isoxazolyl or morpholino;
- a phenyl substituted with thiomorpholino which may be substituted with
0XO0;
- a piperazino which may be substituted with alkyl having 1 to 4 carbon

atoms or cyclohexyl;
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[0011]

[0012]

- a thiomorpholino which may be substituted with one or two oxos;

- an amino which may be substituted with one or two alkyls having 1 to 4
carbon atoms; or

- any one of substitucnts selected from carboxy, guanidino, indolyl,
benzoimidazolyl, indazolyl, pyrazolyl, triazolyl, pyridyl, pyrrolidinyl,
piperidino, hexamethyleneimino, morpholino, and cyclohexylamino; and
R, stands for a hydrogen, a cyano or an alkyl héving 1 to 4 carbon atoms.

In the substituents of the general formula (I) mentioned above, the
alkyl having 1 to 4 carbon atoms stands for a linear or branched alkyl
group, and the alkyl group is preferably a methyl, an ethyl, a propyl, an
isopropyl, a butyl, an isobutyl, a sec-butyl, a r-butyl, or the like. The alkyl
having 1 to 6 carbon atoms stands for a linear or branched alkyl group,
and the alkyl group is preferably, a methyl, an ethyl, a propyl, an isopropyl,
a butyl, an isobutyl, a sec-butyl, a #-butyl, a pentyl, an isopentyl, a
neopentyl, a ~pentyl, a hexyl, an isohexyl or the like. The alkoxy having
1 to 4 carbon atoms stands for a linear or branched alkoxy group, and the
alkoxy groué is preferably a methoxy, an ethoxy, an n-propoxy, an
isopropoxy, an r-butoxy, an isobutoxy, a sec-butoxy, a -butoxy, or the
like.

The above-mentioned compound of the present invention
represented by the general formula (I) can be produced in accordance with
a method of (1) or (2) mentioned hereinbelow. However, during the
production of a specified compound, one of ordinary skill in the art can as
a matter of course modify properly in accordance with the chemical

structures thereof,
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[0013] ¢! Active Ester Method
A compound of the general formula (13) [where Y is a
cyanomethylhydroxy, a p-nitrophenoxy, a halogen-substituted phenoxy (a

1.3,5-trichlorophenoxy, a pentafluorophenoxy, etc.), a 2,5-

U

dioxopyrrolidin-1-yloxy (HOSu), a 1,3-dioxo-1,3-dihydroisoindol-2-yloxy,
a 3,5-dioxo-4-azatricyclo[5.2.1.0%%]-8-decen-4-yloxy (JONB), a quinolin-
8-yloxy, or a pyridin-2-yloxy], which is an active ester form, can be
obtained by reacting a compound of the general formula (A) with a

10 suitable activating reagent in the presence of a suitable condensing agent
in a solvent which is inert to the reaction, at room temperature for usually
1 to 24 hours. A compound of the general formula (D) can be obtained by
reacting thc compound of the general formula (B) and a compound of the
general formula (C) in a solvent which is inert to the reaction, in the

15 presence of an inorganic base such as sodium hydrogencarbonate,
potassium hydrogencarbonate, sodium carbonate, or potassium carbonate,
at room temperature for usually 1 to 30 hours. Here, the inert solvent
includes, for example, halogenated hydrocarbon-based solvents such as
dichloromethane, 1,2-dichloroethane, and chloroform; ether-based

20 solvents such as tetrahydrofuran (THEF), 1,4-dioxane, 1,2-dimethoxyethanc,
and diethyl cther, and the like, or a mixed solvent such as acetonitrile-

water, 1,4-dioxane-water, or tetrahydrofuran (THE)-dimethy! formamide
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(THF-DMTF) may be used. The condensing agent includes water-soluble
carbodiimide (WSC-HC!), dicyclohexylcarbodiimide (DCC), DCC-1-
hydroxybenzotriazolc (DCC-IIOBt), carbonyldiimidazole (CDI), and the
like, and the activating reagent includes N-hydroxysuccinic acid imide,
phenol, p-nitrophenol, and the like. The compound of the general formula
(B), which is an active ester form, can also be obtained by reacting an acid
chloride mentioned later with HOSu or the like in a solvent which is inert
to the reaction, in the presence of an organic base such as tricthylamine or
N-methylmorpholine, at room temperature for usually from 1 to 30 hours.

2 Acid Chloride Method

A compound of the general formula (B) [where Y is a halogen such
as fluorine, chlorine, bromine, or iodine| is formed by reacting a
compound of the general formula (A) with a suitable halogenating reagent
at a temperature equal to or lower than room temperature in an anhydrous
solvent inert to the reaction. A compound of the general formula (D) can
be obtained by adding a compound of the general formula (C) to the
compound of the general formula (B) isolated or without being isolated at
a temperature of 0°C or lower or a temperaturc equal to or lower than
room temperature , and reacting the compounds for usually 1 to 30 hours.
Here, the inert anhydrous solvent includes, for example, halogenated
hydrocarbon-based solvents such as dichloromethane, 1,2-dichloroethane,
and chloroform; ether-based solvents such as tetrahydrofuran (THF), 1,4-
dioxane, 1,2-dimethoxyethane, and diethyl ether; aromatic hydrocarbon-
based solvents such as benzene, toluene, and xylene; and the like. In

addition, the suitable halogenating reageni includes cyanuric fluoride,
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phosphorus trichloride, phosphorus pentachloride, thionyl chloride, oxalyl
chloride, cyanuric chloride, cyanuric bromide,
dibromotriphenylphosphorane, 1-dimethylamino-1-iodo-2-methylpropene,

and the like.

[0015] The compound represented by the general formula (T) mentioned

above includes, in a case where a pharmaceutically acceptable salt thereof
is present, various kinds of salts thereof. The salts include, for example,
addition salts with an acid such as hydrochloric acid, sulfuric acid, nitric
acid, hydrobromic acid, phosphoric acid, perchloric acid, thiocyanic acid,
boric acid, formic acid, acetic acid, haloacctic acid, propionic acid,
glycolic acid, ¢itric acid, tartaric acid, succinic acid, gluconic acid, lactic
acid, malonic acid, fumaric acid, anthranilic acid, benzoic acid, cinnamic
acid, p-toluenesulfonic acid, naphthalenesulfonic acid, or sulfanilic acid;
salts with metals, such as alkali metals such as sodium and potassium,
alkaline earth metals such as calcium and magnesium, or sluminum; or
salts with bases such as ammonia and organic amines. These salts can be
produced from each compound in a free form, or converted reversibly, in
accordance with a known method. In addition, in a case where the
compounds are present in the state of a stereoisomer such as a cis-trans
isomer, an optical isomer or a coordination isomer, or a solvate including
a hydrate or a metal complex compound, the present invention embraces
any of stereoisomers, solvates, and complex compounds.

Among the compounds of the present invention, preferred
compounds are as follows.

(E)-3-(2-Fluorophenyl)-N-[2-(1 H-indol-3-yl)ethyl}-2-propenamide
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[Compound 1];
(E)-3-(2-Fluorophenyl)-N-(3-pyridylmethyl)-2-propenamide
[Compound 2];
(E)-3-(2-Fluorophenyl)-N-[2-(4-pyridylethyl]-2-propenamide
[Compound 3];
(E)-3-(2-Fluorophenyl)-N-[2-(1-piperidyl)ethyl]-2-propenamide
[Compound 4];
(E)-3-(2-Fluorophenyl)-N-(2-morpholinoethy1)-2-propenamide
[Compound 5];
(E)-N-[2-(4-Cyclohexylpiperazin-1-yl)ethyl]-3-(2-fluorophenyl)-2-
propenamide [Compound 6];
(E)-N-{3-(4-Cyclohexylpiperazin-1-yl)propyl]-3-(2-fluorophenyl)-2-
propenamide [Compound 71;
(E)-3-(2-Fluorophenyl)-N-[2-(1-methyl- 1 H-pyrrol-2-yl)ethyl]-2-
propenamide [Compound 8§];
(E)-3-(2-Fluorophenyl)-N-[2-(2-pyridyl)ethyl]-2-propenamide
hydrochloride [Compound 9];
(£)-3-(2-Fluorophenyl)-N-[2-(3-pyridyl)ethyl]-2-propenamide
hydrochloride [Compound 10];
(£)-3-(2-Fluorophenyl)-N-(3-morphotinopropyl)-2-propenamide
hydrochloride [Compound 113;
(E)-N-(3-Dimethylaminopropyl)-3-(2-fluorophenyl)-2-propenamide
hydrochloride [Compound 12];
(E)-N-(4-Dimethylaminobutyl)-3-(2-fluorophenyl)-2-propenamide
hydrochloride [Compound 13];
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(£)-N-(4-Aminobutyl)-3-(2-fluorophenyl)-2-propenamide hydrochloride
[Compound [4];
(£)-3-(2-Fluorophenyl)-N-[3-(4-methylpiperazin-1-yl)propyl]-2-
propenamide dihydrochloride [Compound 157];
(E)-3-(2-Fluorophenyl)-N-[2-(piperazin- I -yl )ethyl]-2-propenamide
dihydrochloride [Compound 16];
(E)-3-(2-Fluorophenyl)-N-[3-(piperazin-1-yl)propyl]-2-propenamide
dihydrochloride [Compound 17];
(£)-3-(2-Fluorophenyl)-N-[2-(1 H-imidazol-4-yl)ethyl]-2-propenamide
[Compound 18];
(E)-N-[2-(2-Aminophenyl)ethyl]-3-(2-fluorophenyl)-2-propenamide
[Compound 197];
(E)-3-(2-Fluorophenyl)-N-[2-(4-methylpiperazin-1-yl)ethyl]-2-
propenamide [Compound 20];
(£)-3-(2-Fluorophenyl)-N-[2-(imidazol-1-yl)ethyl]-2-propenamide
hydrochloride [Compound 217;
(E)-N-[2-(Benzoimidazol-1-yl)ethyl]-3-(2-fluorophenyl)-2-propenamide
[Compound 227;
(£)-3-(2,4-Difluoropheny!)-N-{2-(imidazol-1-yl)ethyl]-2-propenamide
[Compound 237;
(E)-3-(2,5-Difluorophenyl)-N-[2-(imidazol-1-yl)ethyl]-2-propenamide
[Compound 24];
(E)-3-(3-Fluorophenyl)-N-(3-morpholinopropyl)-2-propenamide
[Compound 25];
(£)-3-(4-Fluorophenyl)-N-(3-morpholinopropyl)-2-propenamide
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[Compound 26];
(E)-3-(2,3-Diflucrophenyl)-N-(3-morpholinopropyl)-2-propenamide
[Compound 27];
(E)-3-(2,4-Difluorophenyl)-N-(3-morpholinopropyl)-2-propenamide
{Compound 28];
(E)-3-(2,5-Difluorophenyl)-N-(3-morpholinopropyl)-2-propenamide
[Compound 297;
(E)-3-(2,6-Difluorophenyl)-N-(3-morpholinopropyl)-2-propenamide
Compound 307;
(£)-3-(3,4-Difluorophenyl)-N-(3-morpholinopropyl)-2-propenamide
[Compound 31];
(£)-3-(2-Fluoro-4-trifluoromethylphenyl)-N-(3-morpholinopropyl)-2-
propenamide [Compound 32];
(£)-3-(4-Fluorophenyl)-V-{4-morpholinophenyl]-2-propenamide
[Compound 33];
(£)-N-(2-Aminocthyl)-3-(2-fluorophenyl)-2-propenamide hydrochloride
[Compound 34];
(£)-3-(2-Fluorophenyl)-N-[2-(pyrrolidin-1-yl)ethyl]-2-propenamide
[Compound 357;
(£)-N-[(2-Azepan-1-yl)ethyl]-3-(2-fluorophenyl)-2-propenamide
[Compound 36];
(£)-3-(2-Fluorophenyl)-N-[2-(4-methoxyphenyl)ethyl]-2-propenamide
[Compound 37];
(E)-3~(2-Fluorophenyl)-N-[2-(pyrazol-1-yl)ethyl]-2-propenamide
[Compound 38];
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(E)-3-(2-Fluorophenyl)-N-[2-([1,2,4]triazol-1-yl)ethyl]-2-propenamide
dihydrochloride [Compound 397;
(£)-3-(2-Fluorophenyl)-N-[2-([1,2,3]triazol-1-yl)ethyl]-2-propenamide
[Compound 407;
(E)-3-(2-Tluorophenyl)-N-[2-(indol-1-yl)ethyl]-2-propenamide
[{Compound 41];
(E)-3-(2-Fluorophenyl)-N-[2-(2-methylimidazol- 1 -yl)ethyl]-2-
propenamide [Compound 42];
(£)-3-(2-Fluorophenyl)-N-[2-(2-isopropylimidazol-1-yl)ethyl]-2-
propenamide hydrochloride [Compound 43];
(F)-3-(2-Fluorophenyl)-N-[2-(2-phenylimidazol-1-yl)ethyl]-2-
propenamide [Compound 44];
(£)-3-(2-Fluorophenyl)-N-[3-(imidazol- 1-yl)propyi]-2-propenamide
hydrochloride {Compound 45];
(E)-3-(4-Fluorophenyl)-2-methyl-N-(3-morpholinopropyl)-2-propenamide
[Compound 46];
(E)-3-(2-Carboxyphenyl)-N-[(2-imidazol-1-yl)ethyl]-2-propenamide
[Compound 47];
(E)-3-(2-Fluorophenyl)-N-[2-(2-butylimidazol-1-yl)ethyl]-2-propenamide
hydrochloride [Compound 48];
(E)-3-(3-Carboxyphenyl)-N-[(2-imidazol-1-yl)ethyl]-2-propenamide
hydrochloride [Compound 49];
(E)-3-(4-Carboxyphenyl)-N-[(2-imidazol- l-yl)ethyl]-2-propenamide
hydrochloride {Compound 50];
(E)-3-(2-Fluorophenyl)-N-[4-(2 H-pyrazol-3-yl)phenyl]-2-propenamide
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[Compound 51];
(E)-3-(2-Fluorophenyl)-N-[3-(2H-pyrazol-3-yl)phenyl]-2-propenamidc
[Compound 52];
(E)-3-(2-Fluorophenyl)-N-[4-(isoxazol-5-yl)phenyl]-2-propenamide
[Compound 53];
(E)-3-(2-Fluorophenyl)-N-[3-(isoxazol-5-yl)phenyl]-2-propenamide
[Compound 54];
(E)-3-(2-Fluorophenyl)-N-(1H-indazol-6-yl)-2-propenamide
[Compound 55];
(E)-3-(2-Fluorophenyl)-N-(1 H-indazol-5-yl)-2-propenamide
[Compound 56];
(£)-N-(3-Morpholinopropyl)-3-(2-trifluoromethylphenyl)-2-propenamide
hydrochloride {Compound 577,
(E)-2-Cyano-3-{(4-fluorophenyl)-N-(3-morpholinopropyl)-2-propenamide
[Compound 58],
(£)-3-(2-Fiuorophenyl)-N-[3-(1-piperidyl)propyl]-2-propenamide
hydrochloride [Compound 59];
(E)-3-(4-Fluorophenyl)-N-(3-thiomorpholinopropyl)-2-propenamide
[Compound 607;
(E)-3-(2-Fluorophenyl)-N-(3-thiomorpholinopropyl)-2-propenamide
hydrochloride [Compound 61];
{(E)-N-[3-(1,1-Dioxo-1,4-thiazinan-4-yl)propyl]-3-(2-fluorophenyl)-2-
propenamide hydrochloride {Compound 62];
(E)-N-[3-(1,1-Dioxo-1,4-thiazinan-4-yl)propyl}-3-(4-fluorophenyl)-2-

propenamide hydrochloride [Compound 63};
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(E)-N-[(3-Cyclohexylamino)propyl}-3-(2-fluorophenyl)-2-propenamide
hydrochloride [Compound 64];
(E)-3-(2-Fluorophenyl)-N-(4-guanidinobutyl)-2-propenamide
hydrochloride [Compound 65];
3-{[(E)-3-(2-Fluorophenyl)-2-propenoyllamino } propanoic acid
[Compound 66];
(£)-3-(4-¥luorophenyl)-N-[3-(1-oxo0-1,4-thiazinan-4-yl)propyl]-2-
propenamide [Compound 67];
(E)-3-(2-Fluorophenyl)-N-[3-(1-ox0-~1,4-thiazinan-4-y)propyl]-2-
propenamide [Compound 68];
(E)-3-(2-Fluoropheny!l)-N-{{3-thiomorpholinophenylymethyl]-2-
propenamide [Compound 697;
(E)-3-(2-Fluorophenyl)-N-{[3-(ox0-1,4-thiazinan-4-yl)phenylJmethyl }-2-
propenamide [Compound 70]; and
(£)-3-(2-Fluorophenyl)-2-methyl-N-[3-(1-0xo0-1,4-thiazinan-4-yl)propyl]-
2-propenamide hydrochloride [Compound 71},

Preferred embodiments of the present inventions are given
hereinbelow:
(1) Acompoundora pharm.aceutically acceptable salt thercof , wherein

the compound is represented by the following general formula (I):

X, O

N NH— (CHJn— R,

X2 Re M
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wherein n stands for an integer of from 0 to 4;

X; and X;, which are identical or different, stand for a hydrogen, a
fluorine, a trifluoromethyl, or a carboxy, and either one of X; and X,
stands for a substituent other than a hydrogen;

R; stands for:

- an imidazolyl which may be substituted with alkyl having 1 to 6 carbon
atoms or phenyl;

- a pyrrolyl which may be substituted with alkyl having 1 to 4 carbon
atoms;

- a phenyl substituted with amino, alkoxy having 1 to 4 carbon atoms,
pyrazolyl, isoxazoly! or morpholino;

- a phenyl substituted with thiomorpholino which may be substituted with
0X0;

- a piperazino which may be substituted with alkyl having 1 to 4 carbon
atoms or cyclohexyl;

- a thiomorpholino which may be substituted with one or two oxos;

- an amino which may be substituted with one or two alkyls having 1 to 4
carbon atoms; or

- any one of substituents selected from guanidino, benzoimidazolyl,
indazolyl, pyrazolyl, triazolyl, pyridyl, pyrrolidinyl, piperidino,
hexamethyleneimino, morpholino, and cyclohexylamino; and

R; stands for a hydrogen, a cyano or an alkyl having 1 to 4 carbon atoms,
with proviso that in a case of n=0, R, stands for a substituent other than a
phenyl substituted with morpholino; in a case of n=1, R, stands for a

substituent other than a pyridyl; in a case where R, is a morpholino and R,
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is a hydrogen, when either onc of X and X; is a hiydrogen, the other
stands for a substituent other than a fluorine.

(2) The compound or a pharmaceutically acceptable salt thercof
according to the above (1), wherein R; is a hydrogen.

(3) The compound or a pharmaccutically acceptable salt thereol
according to the above (2), wherein either one of X, and X, is a hydrogen,
and the other is a {luorine.

(4) The compound or a pharmaceutically acceptable salt thereof
according 1o the above (3), wherein R, is an imidazolyl which may be
substituted with alkyl having 1 to 6 carbon atoms or phenyl.

(5) The compound or a pharmaceutically acccptable salt thereof
according to the above (3), wherein R, is a pyrrolyl which may be
substituted with alkyl having 1 to 4 carbon atoms.

(6) The compound or a pharmaceutically acceptable salt thercof
according to the above (3), wherein R, is a phenyl substituted with amino,
alkoxy having 1 to 4 carbon atomns, pyrazolyl, isoxazolyl, or morpholino.
(7) The compound or a pharmaceutically acceptable salt thereof
according to the above (3), wherein R is a phenyl substituted with
thiomorpholino which may be substituted with oxo.

(8) The compound or a pharmaceutically acceptable salt thercof
according to the above (3), wherein R, is a piperazino which may be
substituted with alkyl having 1 to 4 carbon atoms or cyclohexyl.

(9) The compound or a pharmaceutically acceptable salt thereof

according to the above (3), wherein R is a thiomorpholino which may be

substituted with one or two 0x0s.
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(10) The compound or a pharmaceutically acceptable salt thereof
according to the above (3), wherein R, is an amino which may be
substituted with one or two alkyls having 1 to 4 carbon atoms.
(11} The compound or a pharmaceutically acceptable salt thereof
5 according to the above (3), wherein R is any one of substituents selected
from guanidino, benzoimidazolyl, indazolyl, pyrazolyl, triazolyl, pyridyl,
pyrrolidinyl, piperidino, hexamethyleneimino, morpholino, and
cyclohexylamine.
{12) The compound or a pharmaceutically acceptable salt thereof
10 according to the above (11), wherein R is any one of substituents selected
from pyrazolyl, triazolyl, piperidino, and morpholino.
[0021] (13) A pharinaceutical agent containing, as an active ingredicnt,
at least onc member of a compound and a pharmaceutically acceptable salt

thereof, wherein the compound is represented by the following general

15 formula (I):
X, o
N NH— (CHn— R,
X, R,

1))

wherein n stands for an integer of from 0 to 4;

X1 and X5, which are identical or different, stand for a hydrogen, a

fluorine, a trifluoromethyl, or a carboxy, and either onc of X; and X,
20 stands for a substituent other than a hydrogen;

R, stands for:
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- an imidazolyl which may be substituied with alkyl having 1 to 6 carbon
atoms or phenyl;

- a pyrrolyl which may be substituted with alky! having ! to 4 carbon
atoms;

- a phenyl substituied with amino, alkoxy having 1 to 4 carbon atoms,
pyrazolyl, isoxazolyl or morpholino;

- a pheny! substituted with thiomorpholino which may be substinuted with
0X0;

- a piperazino which may be substituted with alkyl having 1 to 4 carbon
atoms or cyclohexyl;

- a thiomorpholino which may be substituted with one or two 0xos;

- an amino which may be substituted with onc or two alkyls having { to 4
carbon atoms; or

- any one of substituents selected from carboxy, gnanidino, indolyl,
benzoimidazolyl, indazolyl, pyrazolyl, triazolyl, pyridyl, pyrrolidinyl,
piperidino, hexamethylencimino, morpholino, and cyclohexylamino; and
R, stands for a hydrogen, a ¢yano or an alkyl having 1 to 4 carbon atoms.
(14) The pharmaceutical agent according to the above (13), which is an
analgesic.

(15) The pharmaceutical agent according to the above (14), wherein the
analgesic is a therapeutic agent for chronic pains.

{16) The pharmaceutical agent according to the above (15), wherein the
therapeutic agent for chronic pains is a therapeutic agent for lumbago,
arthralgia, or neuropathic pains.

(17) The pharmaceutical agent according to the above (14), wherein the
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analgesic is a therapeutic agent for neuropathic pains.

(18) The pharmaceutical agent according to any one of the above (13) to
(17), which is an oral preparation.

(19) The pharmaceutical agent according to any one of the above (13} to
(17), which is an injectable preparation.

(20) A method of treating a pain disease, including administering an
effective amount of at least one member of a compound represented by the
general formula (I) and a pharmaceutically acceptable salt thereof as
defined in the above (13) to a patient in need thereof.

(21) The method of treating a pain disease according to the above (20),
wherein the pain disease is a chronic pain disease.

(22) The method of treating a pain disease according to the above (21),
wherein the chronic pain disease is lumbago, arthralgia, or a neuropathic
pain disease.

(23) The method of treating a pain disease according to the above (20),
wherein the pain disease is a neuropathic pain.

(24) The method of treating a pain disease according to any one of the
above (20) to (23), including administering with an oral preparation.

(25) The method of treating a pain disease according to any one of the
above (20) to (23), including administering with an injectable preparation.
(26) Use of a compound represented by the following general formula
(I) or a pharmaceutically acceptable salt thereof as defined in the above
(13), in the manufacture of a pharmaceutical agent for the treatment of a
pain disease.

(27)  The use according to the above (26), wherein the pain disease is a
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chronic pain disease.

(28) The use according to the above (27), wherein the chronic pain
discase is lumbago, arthralgia, or a neuropathic pain disease.

(29) The use according to the above (26), wherein the pain disease is a
neuropathic pain.

(30) The use according to any one of the above (26) to (29), wherein the
pharmaceutical agent is an oral preparation.

(31) 'The use according to any onc of the above (26) to (29), wherein the
pharmaceutical agent is an injectable preparation.

(32) A compound represented by the following general formula (I) or a
pharmaceutically acceptable salt thereof as defined in the above (13), for
use in the ireatment of a pain disease.

(33) The compound or a pharmaceutically acceptable sait thereof
according to the above (32), wherein the pain disease is a chronic pain
diseasc.

(34) The compound or a pharmaceutically acceptable salt thercof
according to the above (33), wherein the chronic pain disease is lumbago,
arthralgia, or a neuropathic pain disease.

(35) The compound or a pharmaceutically acceptable salt thercof
according to the above (33), wherein the pain disease is a neuropathic pain.
(36) 'The compound or a pharmaceutically acceptable salt thereof
according to any one of the above (32) to (35), for use in an oral
preparation.

(37) The compound or a pharmaceutically acceptable salt thercof

according to any one of the above (32) to (35), for use in an injectable
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preparation.

The compound of the present invention can be combined with
various pharmaceutical additives such as an excipient, a binder, a wetting
agent, a disintegrant, a lubricant, or a diluent suitable for the dosage form
to form a pharmaccutical composition. As the oral preparation, the
compound can be prepared into a dosage form such as a tablet, a capsule, a
powder, a granule, a liquid, a syrup, or a sublingual preparation. As the
parenteral preparation, the compound can be formed into a preparation,
such as injectable preparations for subcutaneous, intramuscular, articular
cavity, or intravenous administration, suppositorics for intrarectal
administration, and inhalants for iniranasal administration. In the
formulation, the compound of the present invention may be used in the
form of a pharmaceutically acceptable salt thereof, and the compounds can
be used alone or in a proper combination. Further, the compound may be
made into a combination drug with another pharmaceutically active
ingredient.

As the additives when formed into an oral preparation, for example,
a conventional excipicnt such as lactose, mannitol, corn starch or potato
starch, a binder such as a crystalline cellulose, a cellulose derivative, gum
arabic, corn starch, or gelatin, a disintegrant such as corn starch, potato
starch, or carboxymethyl cellulose potassium, a lubricant such as talc or
magnesium stearate, other additives such as a filler, a wetting agent, a
buffer, a preservative, or a fragrance or the like can be properly combined,
and a flavoring substance, an aromatizing agent or the like may be added

thereto.




10

20

25

[0024] When preparcd into a liquid preparation or an emulsive or

suspending injectable preparation, a dissolution aid, a suspension agent, an
emulsifier, a stabilizer, a preservative, an isotonic agent or the like which
is ordinarily used may be properly added thereto, and the mixture is

usually subjected fo a sterile treatment.

[0025] The desired dose of the compound in the present invention may vary

depending upon the subjects to be administered (age, body weight etc. of
patients), the kinds or extent of the disease, the dosage form, the
administration method, the administration period, and the like. In order to
obtain a desired effect, the compound of the present invention can be
orally administered usually in an amount of from 0.5 to 1000 mg,
preferably from 1 to 500 mg, for adult at once or in several divided
administrations per day. In the case of the parenteral administration, the
caily dose is preferably from one-third to one-tenth of the dose level for
cach of the doses mentioned above, and the agent can be administered
usually at once or in several divided administrations per day. In the case
of a sustained-release preparation where a drug is released over a highly
extended period of time, it is preferable that the administration is made

once or 50 in a period of from one week to one ycar.

EXAMPLES

[0026] Next, the present invention will be hereinafter explained more

specifically by means of Examples, without intending to limit the present
invention to these Examples.

A melting point was determined using Yamato Scientific, Model
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[0028]

24

MP-21, a melting point measuring instrument. No compensation of the
thermometer was made. Nuclear magnetic resonance spectrum (IH—NMR)
was measured with Bruker, Model ARX-500, a nuclear magnetic
resonance analyzer using TMS (6 = () as an internal standard substance.
Silica gel column chromatography was performed using silica gel
PSQ100B for normal phase chromatography (FUJI SILYSIA CHEMICAL
LTD.). Thin-layer chromatography was performed using Silica gel F254
(Merck, No. 5715), and detection was made using 2 UV lamp and a 5%
phosphomolybdic acid-ethanol color development reagent. Commercial

products themselves were used as the reagents and solvents.

Example |

Production of (£)-3-(2-Fluorophenyl

propenamide (Compound 1).

WSC-HCI (4.3 g, 22 mmol) was added to a methylene chloride
(150 mL) solution of 2-fluorocinnamic acid (3.4 g, 21 mmol) and '
tryptamine (3.0 g, 19 mmol) at 0°C, and the mixture was stirred for
4 hours. DMF (120 mL) was added thereto, and the mixture was stirred in
that state for 72 hours. The reaction solution was concentrated to 1/2 of
the volume under a reduced pressure, and thereafter poured into an ice
water, and the mixture was extracted with ethyl acetate. An organic layer
was dried over anhydrous sodium sulfate. Thereafter, the residue obtained
by distilling off the solvents under a reduced pressure was purified with
silica gel column chromatography (n-hexane : ethyl acetate = 1:1), to give
the captioned compound (2.1 g, 51%) as an amorphous solid.

Exampie 2
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3-pvridylmethy])-2-propenamide

(Compound 2).
3-Aminomethylpyridine (2.0 g, 19 mmol) and WSC+HCI (3.8 g,

20 mmol) were added to a methylene chloride (60 mL) suspension of 2-
fluorocinnamic acid (3.0 g, 18 mmol) at 0°C, and the mixture was stirred
at room temperature for 3 hours. The reaction mixture was washed with
water, and an organic layer was then dried over anhydrous sodium sulfate.
The residue obtained by distilling off the solvents under a reduced
pressure was purified with silica gel column chromatography (-
hexane : ethyl acctate = 1:1), to give the captioned compound (3.9 g, 85%)
as crystals.

Compounds 3 to 5 were produced in the same manner as this
compound from appropriate starting compounds.

Example 3
Production of 2-[2-(4-Cvclohexylpiperazin-1-yi)ethvliisoindole-1.3-dione,

N-(2-Bromoethyl)phthalimide (2.5 g, [0 mmol) and potassium
carbonate (2.0 g, 15 mmol) were added to a DMF (30 mL) solution of 1-
cyclohexylpiperazine (1.7 g, 10 mmol) at room temperature, and the
mixture was stirred at 100°C for 24 hours. The reaction mixture was
extracted with ethyl acctate, and an organic layer was washed with a
saturated sodium chloride solution, and thercafier dried over anhydrous
sodium sulfate. The residue obtained by distilling off the solvents under a
reduced pressure was purified with silica gel column chromatography (-
hexane : ethyl acetate = 7:3), to give the captioned compound (2.8 g, 82%)

as an amorphous solid. ‘H-NMR (DMSO-d) 8: 1.38-1.41 (m, 11H), 2.35-
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2.37 (m, 41), 2.54 (t, /=6.3 Hz, 2H), 3.21-3.22 (m, 411), 3.70 (t, /=6.5 Hz,
2H), 7.83-7.89 (m, 4H).
Example 4

Production of 2-(4-Cvclohexvlpiperazin-1-yDethvlamine.

Hydrazine monohydrate (0.8 g, 16 mmol) was added to an ethanol
(30 mL) solution of the compound obtained in Example 3 (2.8 g,
8.2 mmol) at room temperature, and the mixture was heated under
refluxing for 24 hours. The precipitated crystals were filtered away, and
the solvent of the filtrate was distilled off under a reduced pressure. The
residuc was purified with silica gel column chromatography
(chioroform : methanol = 95:5), to give the captioned compound (1.3 g,
75%) as an oily product. TH-NMR (DMSO-dy) 8: 1.05-1.17 (m, 5H),
1.53-1.55 (m, 1H), 1.68-1.71 (m, 4H), 2.11-2.13 (m, 1H}, 2.30-2.45 (m
7H), 2.48-2.51 (m, 3H), 3.67 (1, /=6.6 Hz, 2H).

Example 5
Production of (E)-N-[2-(4-Cyclohexvipiperazin-1-vDethyll-3-(2-

fluorophenyl}-2-propenamide (Compound 6).

The same procedures as those in Compound 2 were carried out

from 2-fluorocinnamic acid (1.3 g, 7.8 mmol), the compound obtained in
Example 4 (1.8 g, 8.5 mmol), WSC-HCI (1.9 g, 10 mumol), and methylene
chloride (50 mL), to give the captioned compound (1.9 g, 63%) as crystals.

Example 6

Production of 2-[3-(4-Cyclohexylpiperazin-1-yl)propvllisoindole-1.3-

dione.

The same procedures as in Example 3 were carried out from 1-
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cyclohexylpiperazine (1.7 g, 10 mmol), N-(3-bromopropyl)phthalimide
(2.7 g, 10 mmol), potassium carbonate (2.0 g, 15 mmol) and DMT
(30 mL), to give the captioned compound (2.5 g, 71%) as an amorphous
solid. "H-NMR (DMSO-dg) 6: 0.99-1.04 (m, 3H), 1.08-1.19 (m, 2H),
1.52-1.54 (m, 3H), 1.65-1.73 (m, 4H), 1.99-2.02 (m, 1H), 2.05-2.29 (m,
10H), 3.64 (t, /=6.6 iz, 2H), 7.81-7.87 (i, 411).

[0033] Example 7

Production of 3-(4-Cyclohexylpiperazin-1-vl)propylamine.

The same procedures as in Example 4 were carried out from the
compound obtained in Example 6 (2.5 g, 7.0 mmol), hydrazine
monohydrate (0.5 g, 10 mmol), and ethanol (30 mL), to give the captioned
compound as an oily product. This compound was used in the subsequent
reaction without purification.

[0034] Example 8
Production of (E)-N-[3-(4-Cyelohexylpiperazin-1-vl

fluorophenvl)-2-propenamide (Compound 7).

The same procedures as those in Compound 2 were carried out from
2-fluorocinnamic acid (1.2 g, 7.2 mmol), the compound obtained in
Example 7 (1.6 g, 7.1 minol), WSC-HCI (1.6 g, 8.3 mmol), and methylene
chloride (40 mL), to give the captioned compound (1.8 g, 69%) as crystals.

[0035] Example 9
Production of 2-(1-Methvl-1H-pvrrol-2-vl)ethanol.

A THF (200 mL) solution of methyl 1-methylpyrrole-2-acetate (23 g,
150 mmol} was added dropwise to an ethanol solution (200 mL) of

sodium borohydride (6.8 g, 180 mmol) and lithium chloride (7.6 g,
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180 mmol) at room temperature, and the mixture was stirred in that state
for 24 hours. The precipitated crystals were filtered away. Thereafter, the
residue obtained by distilling off the filtrate und’c.r a reduced pressure was
purified with silica gel column chromatography (#-hexane : ethyl
acetate = 1:1), to give the captioned compound (15.4 g, 93%) as an oily
product. *H-NMR (DMSO-ds) 8: 2.66 (t, J=7.3 Hz, 2H), 3.49 (s, 3H),
3.54-3.58 (i, 2H), 4.66 (t, /=5.4 Hz, 1H), 5.75-3.76 (m, 1H), 5.83-5.84
(m, 1H), 6.56-6.67 (m, 11I).

Example 10

Production of 2-(1-Methyl-1H-pyrrol-2-vl)ethvlmethanesulfonate.

A methylene chloride (50 mL) solution of methanesulfonyl chloride
(5.7 mL,74 mmol) was added dropwise to a methylene chloride (80 mlL)
solution of the compound obtained in Exampie 9 (7.5 g, 67 mmol) and
tricthylamine (10 mL, 74 mmol) at room temperature, and the mixture
was stirred in that state for 18 hours. The reaction mixture was washed
with a saturated sodium chloride solution, and an organic layer was then
dried over anhydrous sodium sulfate. The residuc obtained by distiIl.ing
off the solvents under a reduced pressure was purified with silica gel
column chromatography (n-hexane : ethyl acetate = 3:2), to give the
captioned compound (4.5 g, 33%) as an oily product. 'H-NMR (DMSO-
dg) 9: 2.96 (t,.J=6.9 Hz, 2H), 3.12 (s, 3H), 3.52 (s, 3H), 4.35 (t, /=6.9 Hz,
2H), 5.87-5.90 (m, 2H), 6.63-6.64 (m, 1H).

[0037] Example 11

1-Methvl-1H-pyrrol-2-vl)ethyllisoindole-1.3-dione.

Production of 2-[2-

The same procedures as in Example 3 were carried out from the
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compound obtained in Example 10 (4.5 g, 22 mmol), potassium
phthalimide (4.7 g, 25 mmol), potassium carbonate (4.0 g, 29 mmol}, and
DMEF (80 mL), to give the captioned compound (3.7 g, 66%) as an
amorphous solid. TI-NMR (DMSO-dy) 8: 2.87 (1, J=7.4 Hz, 2H), 3.56 (s,
3H), 3.76 (t, =74 Hz, 2H), 5.71-5.73 (m, 1H), 5.79-5.80 (m, 1H), 6.60-
6.61 (m, 111), 7.82-7.87 (m, 4H).

Example 12
Production of 2-(1-Methyl-1 H-pyrrol-2-vDethylamine.

The same treatments as in Example 4 were carried out from the
compound obtained in Example 11 (3.7 g, 14 mmol), hydrazine
monohydrate (1.0 ml., 21 mmol) and ethanol (160 mL), to give the
captioned compound as an oily product. This compound was used in the
subsequent reaction without purification.

Lxample 13

Production of (E)-3-(2-Fluorophenvi)-N-[2-( | -methvl-1H-pytrol-2-

vDethvi]-2-propenamide (Compound §).

The same procedures as those in Compound 2 were carried out from
2-fluorocinnamic acid (3.0 g, 18 mmol), the compound obtaincd in
Example 12 (1.5 g, 12 mmol), WSC-HCI (3.5 g, 18 mmol), and methylene
chloride (60 mL), to give the captioned compound (1.8 g, 56%) as crystals.

Example 14
Production of (E)-3-(2-Fluorophenyl)-N-[2-(2-pyridvDethyl]-2-

propenamide hifdrochloride {Compound 9).
2-(2-Aminoethyl)pyridine (2.3 g, 19 miol) and WSC-HC1 (3.8 g,

20 mmol) were added to a methylene chloride (50 ml.) suspension of 2-
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fluorocinnarmic acid (3.0 g, 18 mmol) at 0°C, and the mixture was stirred
at room temperature for 3 hours. The reaction mixture was washed with
water, and an organic layer was then dried over anhydrous sodium sulfate.
The residue obtained by distilling off the solvents under a reduced
pressure was purified with silica gel column chromatography (#-
hexane : ethyl acetate = 1:1). A 4 mol/L hydrogen chloride-dioxane
solution (13 mL, equivalent to HCI 52 mmol) was added dropwise to a
methylene chloride (10 mL) solution of the purified product at room
temperature. The mixture was stirred in that state for 1 hour. Thereafter,
a petroleum cther was added to the residue obtained by distilling off the
solvents under a reduced pressure, and the precipitated crystals were
collected by filtration, to give the captioned compound (4.0 g, 73%).
Compounds 10 to 14 were produced in the same manner as this
compound from appropriate starting compounds.

Example 15
Production of 2-[3-(4-Methylpiperazin-1-yDpropylJisoindole-1.3-dione.

The same procedures as in Example 3 were carried out from 1-
methylpiperazine (1.9 g, 10 mmol), N~(3-bromopropyl)phthalimide (2.7 g,
10 mmol), potassium carbonate (2.0 g, 15 mmol) and DMF (30 mL), to
give the captioned compound (2.6 g, 70%) as an amorphous solid. 'H-
NMR (DMSO-dg) 8: 1.70-1.75 (m, 2H), 1.90-2.30 (n, 13H), 3.63 (t, J=6.7
Hz, 2H), 7.82-7.87 (m, 4H).

Example 16

Production of 3-(4-Methylpiperazin-1-yDpropylamine.

The same procedures as in Example 4 were carried out from the
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compound obtained in Example 15 (1.1 g, 3.8 mmol), hydrazine

monohydrate (0.4 g, 8.0 mmol) and ethanol (30 mL), to give the captioned

compound (0.3 g, 48%) as an oily product. "H-NMR (DMSO-d;) §: 1.43-

1.49 (m, 2H), 2.13 (s, 3H), 2.20-2.40 (br, 9H), 2.49-2.54 (m, 3H).
Example 17

Production of (F)-3-(2-Fluorophenvh-N-[3-(4-methylpiperazin-1-

The same procedures as those in Compound 9 were carried out from
2-fluorocinnarmic acid (0.39 g, 1.5 mmol), the compound obtained in
Example 16 (0.24 g, 1.5 mmol), WSC-HCI (0.29 g, 1.5 mmol), and
methylene chloride (4 mL}), to give the captioned compound (0.11 g, 22%

as crystals.

Example 18
Production of rert-Butyl 4-[2-(1,3-dioxo-1,3-dihvdroisoindol-2-

ylethyl]piperazine-1-carboxylate.

The same procedures as in Example 3 were carried out from 1-
(tert-butoxycarbonyl)piperazine (1.9 g, 10 mmol), N-(2-
bromoethyl)phthalimide (2.5 g, 10 mmol), potassium carbonate (2.0 g,

15 mumol), and DMF (30 mL), to give the captioned compound (1.8 g,
69%) as an amorphous solid. "H-NMR (DMSO-dg) 8: 1.38 (s, 9H), 2.36-
2.37 (i, 4H), 2.54 (t, J=6.5 Hz, 2H), 3.20-3.22 (m, 4H), 3.70 (t, J=6.5 Hz,
2H), 7.83-7.89 (m, 4H).

Example 19

Production of fert-Butyl 4-(2-aminoethyl)piperazine-1-carboxvlate.

The same procedures as in Example 4 were carried out from the
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compound obtained in Example 18 (1.8 g. 5.0 mmol), kydrazine

monohydrate (0.5 g, 10 mmol) and ethanol (20 mL), to give the captioned

compound (0.8 g, 72%) as an oily product. 'H-NMR (DMSO-dy) &: 1.39

(s, 9H), 2.29-2.35 (m, 8H), 2.67 (t, /=6.6 Hz, 211), 3.28-3.30 (m, 2H).
Example 20

Production of (£)-3-(2-Fluorophenyl iperazin-1-ylethyl]-2-

propenamide dihydrochloride (Compound 16).

The same procedures as those in Compound 9 were carried out from
2-fluorocinnamic acid (0.34 g, 2.0 mmol), the compound obtained in
Example 19 (0.55 g, 2.1 mmol), WSC-IICl (0.42 g, 2.2 mmol), and
methylene chloride (20 mL), to give the captioned compound (0.4 g, 63%)

as crystals.

Example 21
Production of fert-Butyl 4-[3-(1.3-dioxo-1.3-dihydroisoindol-2-

yvDpropvlipiperazine-1-carboxylate.

The same procedures as in Example 3 were carried out from 1-(fers-
butoxycarbonyl)piperazine (1.0 g, 10 mmol), N-(3-
bromopropyl)phthalimide (2.7 g, 10 mmol), potassium carbonate (2.0 g,
15 mmol), and DMF (30 mL}, to give the captioned compound (1.1 g,
38%) as an amorphous solid. "H-NMR (DMSO-d;) §: 1.36 (s, 9H), 1.72-
1.76 (mm, 2H), 2.20-2.22 (m, 4I1), 2.32 (t, /=6.7 Hz, 2H), 3.33-3.35 (m,
4H), 3.64 (t, J=6.9 Hz, 2H), 7.82-7.88 (m, 4H). '

Example 22

Production of fert-Butyl 4-(3-aminopropyl)piperazine-i-carboxylate.

The same procedures as in Example 4 were carried out from the
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compound obtained in Example 21 (4.7 g, 13 mmol), hydrazine
monohydrate (0.7 g, 14 mmol) and ethanol (80 ml.), to give the captioned
compound (2.6 g, 87%) as an oily product. "H-NMR (DMSO0-dy) §: 1.39
(s, 9H), 1.73-1.75 (m, 2H), 2.29-2.35 (m, 8H), 2.68 (t, /=6.8 Hz, 2H),
3.28-3.30 (m, 2H).

[0049] Example 23
Production of (£)-3-(2-Fluorophenyl)-N-[3-(piperazin-1-yhpropyil-2-

propenamide dihydrochloride (Compound 17).

The same procedures as those in Compound 9 were carricd out from
2-fluorocinnarnic acid (2.6 g, 16 mmol), the compound obtained in
Example 22 (4.0 g, 16 mmol), WSC-HCI (3.5 g, 18 mmol), and methylenc
chloride (80 mL), to give the captioned compound (2.6 g, 50%) as crystals,

[0050] Example 24

Production of (E)-3-(2-Fluorophenv]}-2-propenovl chioride.

Thionyl chléride (55 mL, 0.75 mol) was added to 2-fluorocinnamic
acid (25.0 g, 0.15 mol), and the mixture was heated under refluxing for
2 hours. The solvent was distilled off under a reduced pressure, to give
the captioned compound (27.8 g, quant) as an oily product. "H-NMR
(CDCl,) &: 6.75 (d, J~15.8 11z, 1H), 7.13-7.17 (m, 1H), 7.21-7.24 (m, 1H),
7.44-7.47 (m, 1H), 7.54-7.58 (m, 1), 7.94 (d, J=15.8 Hz, 1H).

[0051] Example 25
Production of (2.5-Dioxopyrrolidin-1-vl) (E)-3-(2-fluorophenvl) -2-

propenoate. _
A methylene chloride (200 mL) solution of the compound obtained

in Examplc 24 (27.8 g, 0.15 mol) was added dropwise to a methylene
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chloride (200 mL) solution of HOSu (17.3 g, 0.15 mol) and tricthylamine
(23 mL, 0.17 mol) at 0°C. The mixture was stirred at room temperature
for 19 hours, the reaction mixture was then washed with water, and an
organic layer was dried over anhydrous sodium sulfate in the presence of a
small amount of silica gel. The precipitated crystals obtaincd by distilling
off the solvent under a reduced pressure were filtered with dicthyl ether, to
give crude crystals (33.6 g). The crude crystals (33.6 g) were
recrystallized from cthyl acetate (210 mL). to give the captioned
compound (27.5 g, 70%). Mp. 148-149°C. "H-NMR (DMSO-dg) 3: 2.88
(s, 411), 7.03 (d, J=16.2 Hz, 1H), 7.32-7.38 (m, 2Hj, 7.58-7.62 (i, 1I1),
7.98-8.04 (m, 2H).

Example 26

Production of (E)-3-(2-Fluorophenyl)-N-[2-(1 H-imidazol-4-vDethyl]-2-

propenamide (Compound 18).

Sodmm hydrogencarbonate (4.2 g, 50 mmol) was added 1o an
aqueous solution (50 mL) of 2-imidazol-4-ylethylamine (4.7 g, 18 mmol)
at room temperature. The mixture was stirred in that state for 30 minutes,
a dioxane (60 mL) solution of the compound obtained in Example 25
(4.7 g, 18 mmol) was then added dropwise thereto, and the mixture was
stirred at room temperature for 18 hours. The reaction mixture was
extracted with ethyl acetate, and an organic layer was washed with a
saturated sodium chloride solution, and then dried over anhydrous sodium
sulfate. The residue obtained by distilling off the solvents under a reduced
pressure was purified with silica gel column chromatography

(chloroform : methanol = 4:1), to give the captioned compound (1.7 g,
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36%) as crystals.

Compound 19 was produced in the same manner as this compound
from an appropriate starting compound.

[0053] Example 27
Production of 2-[2-(4-Methylpiperazin-1-yDethyllisoindole-1.3-dione,

The same procedures as in Example 3 were carried out from I-
methylpiperazine (1.0 g, 10 mmol), N—(Z—brdmoothyl)phtha]imidc 25¢g,
10 mmotl), potassiwum carbonate (2.0 g, 15 mmol) and DMF (30 ml.), to
give the captionéd compound (1.6 g, 59%) as an amorphous solid. 'H-
NMR (DMSO-dg) 8: 2.09 (s, 311), 2.10-2.40 (m, 8H), 2.51 (t, /=6.5 Hz,
2H), 3.68 (t, J=6.5 Hz, 2H), 7.83-7.89 (m, 4H).
[0054] Example 28

Production of 2-(4-Methylpiperazin-[-ylethylamine.

The same procedures as in Example 4 were carried out from the
compound obtained in Example 27 (1.6 g, 5.9 mmol), hydrazinc
monohydrate (0.6 g, 12 mmol) and ethanol (30 mL), to give the captioned
compound as an oily product. This compound was used in the subsequent

reaction without purification.

[0055] Example 29
Production of (£)-3-(2-Fluorophenv-V-[2-(4-methylpiperazin-1-

ylethyl]-2-propenamide (Compound 20).

The same procedures as those in Compound 18 were carried out
from the compound obtained in Example 28 (0.21 g, 1.5 mmol), the
compound obtained in Example 25 (0.35 g, 1.5 mmotl), sodium

hydrogencarbonate (0.17 g, 2.0 mmol), water (5 mL), and dioxane (5 mL),
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to give the captioned compound (0.15 g, 34%) as crystals.

[0056]  Example 30

Production of 2-(2-Imidazol-1-ylethyl)isoindoling 1.3-dione.

A toluene (400 mL) solution of imidazole (20 g, 0.29 mol) and N-(2-
bromoethyl)phthalimide (33 g, 0.13 mol) was heated under refluxing for
16 hours. Chloroform was added to the residue obtained by distilling off
the solvent under a reduced pressure, and the mixture was washed with a
saturated aqueous sodium hydrogencarbonate solution and a saturated
sodium chloride solution. An organic layer was dried over anhydrous
sodium sulfate, and diethyl ether was then added to the residue obtained
by distilling off the solvents under a reduced pressure. The precipitated
crystals were collected by filtration, to give the captioned compound (20 g,
64%). Mp. 155-156°C. 'H-NMR (DMSO-dj) 8: 3.92 (t, J=6.1 Hz, 2H),
4.25 (t, /=6.1 Hz, 2H), 6.81 (s, 1H), 7.13 (s, 1H), 7.34 (s, 1H), 7.83-7.85
(m, 4H).

[0057] Example 31
Production of 2-Imidazol-1-ylethylamine.

The same treatments as in Example 4 were carried out from the
compound obtained in Example 30 (2.2 g, 9.1 mmol), hydrazine
monohydrate (0.7 g, 14 mmol) and ethanol (40 mL), to give the captioned
compound as an oily product. This compound was used in the subsequent
reaction without purification.

[0058] Example 32
Production of (£)-3-(2-Fluorophenyl)-N-[2-(imidazol-1-y]ethvl]-2-

propenamide hydrochloride (Compound 21).
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A methylene chloride (30 mL) solution of the compound obtained in
Example 25 (2.6 g, 10 mmol) was added to a methylene chloride (20 mL)
solution of the compound obtained in Example 31 (0.66 g, 5.9 mmol) at
room temperature, and the mixture was stirred in that state for S hours.
The reaction mixture was washed with water, and an organic laycr was
then dried over anhydrous sodium sulfate. The residue obtained by
distilling off the solvents under a reduced pressure was purified with silica
gel column chromatography (r-hexane : ethyl acetate = 3:2). A 4 mol/L
hydrogen chloride-dioxanc solution (8 mL, equivalent to HC] 32.0 mmol)
was added dropwise to a methylene chloride (10 mL) solution of the
purified product at room temperature. The mixture was stirred in that state
for I hour, and a petroleurn ether was then added to the residue obtained
by distilling off the solvents under a reduced pressure, to give the
captioned compound (1.3 g, 50%) as an amorphous solid .

Example 33

ethyllisoindole-1,3-dione.

Benzimidazol-1-

Production of 2-
N-(2-Bromoethyl)phthalimide (7.6 g, 30 mmol) and anhydrous
potassium carbonate (6.2 g, 45 mmol) were added to a DMF (150 mL)
solution of benzimidazole (4.7 g, 46 mmol) at room temperature, and the
mixture was stirred at 100°C for 18 hours. Water was added to the
reaction mixture,.the mixture was extracted with ethyl acetate, and an
organic layer was washed with a saturated sodium chloride solution, and
then dried over anhydrous sodium sulfate. The solid obtained by distilling

off the solvents under a reduced pressure was washed with diethyl ether,

to give the captioned compound (2.6 g, 30%) as an amorphous solid. 'H-
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NMR (DMSO-dg) 8: 3.98 (t, J=6.1 Hz, 2H), 4.52 (t, J=6.1 Hz, 2H), 7.15-
7.18 (m, 2H), 7.53-7.61 (mn, 2H), 7.81 (s, 4I1), 8.17 (s, 1H).
Example 34

Production of (E)-N-[2-(Benzoimidazol-1-yDethyl]-3-(2-fluorophenyl)-2-

propenamide (Compound 22).

Hydrazine monohydrate (0.8 g, 15 mmol) was added to an cthanol

(100 mL}) solution of the compound obtained in Example 33 (2.6 g,
8.9 mmol) at room temperature, and the mixture was heated under
refluxing for 2 hours. The precipitated crystals were filtered away, and the
solvent of the filtrate was then distilled off under a reduced pressure, to
give 2-(benzoimidazol-1-yl)ethylamine as an oily product. This
compound was used in the subsequent reaction without purification. This
compound (1.1 g, 7.0 munol) and WSC-HCI (2.3 g, 12 mmol) were added
to a methylene chloride (80 mL) suspension of 2-fluorocinnamic acid
(1.7 g, 10 mmol) at 0°C, and the mixture was stirred at room temperature
for 1 hour. The reaction mixture was washed with water, and an organic
layer was then dried over anhydrous sodium sulfate. The residue obtained
by distilling off the solvents under a reduced pressure was purified with
silica gel column chromatography (NI, n-hexane : ethyl acetate = 1:1), to
give the captioncd compound (0.7 g, 33%).

Compounds 23 to 37 were produced in the same manner as this
compound from appropriate starting compounds.

Example 35

Production of 2-[2-(Pyrazol-1-vDethvllisoindole-1.3-dione.

Pyrazole (2.0 g, 35 mmol) was added to a DMF (100 mL) solution
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[0063]

of sodium hydride (60% dispersion in mineral oil) (1.4 g, 35 mmol) at 0°C,
and the mixture was stirred at room temperature for 1 hour. A DMF

(50 ml.) solution of N-(bromocthyl)phthalamide (7.6 g, 30 mmol) was
added dropwiss to the reaction mixture at 0°C, and the mixture was stirred
at room temperature for 18 hours. Water was added to the reaction
mixture, the mixture was extracted with ethyl acetate, and an organic layer
was washed with a saturated sodium chloride solution, and then dried over
anhydrous sodium sulfate. The solid obtained by distilling off the solvents
under a reduced pressure was washed with dicthyl ether, to give the
captioned compound (4.0 g, 56%) as an amorphous solid. 'H-NMR
(DMSO-dg) 6: 3.93 (t, /=5.8 Hz, 2H), 4.38 (t, ./=5.8 11z, 2ZH), 6.15 (s, 1H),
7.31 (s, 1H), 7.70 (s, LH), 7.83-7.85 (m, 4H).

Exampie 36
Production of (£)-3-(2-Fluorophenv)-N-[2-(pyrazol- I-ylethv]]-2-

propenamide (Compound 38).

The same procedures as those in Compound 22 were carried out
from the compound obtained in Example 35 (4.0 g, 17 mmol), hydrazine
monohydrate (1.0 g, 20 mmol), and ethanol (200 mL), to give 2-(pyrazol-
1-yDethylamine as an oily product. This compound was used in the
subsequent reaction without purification. The same procedures as those in
Compound 22 were carried out from 2-fluorocinnamic acid (0.7 g,

4.0 mmol), this compound (0.5 g, 4.0 mmol), WSC-HCI (1.0 g, 5.0 mmol),
and methylene chloride (50 mL), to give the captioncd compound (0.4 g,
9%) as crystais.

Example 37
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Production of 2-[2-({1.2.4]triazol-1-yDethyl]isoindole-1.3-dione.

The same procedures as in Example 33 were carried out from 1/4-
[1,2,4]triazole (2.0 g, 30 mmol), N-(2-bromoethyl)phthalimide (7.6 g,
30 mmol), anhydrous potassium carbonate (6.2 g, 45 mmol), and
DMF (150 mL), to give the captioned compound (1.7 g, 23%) as an
amorphous solid. 'H-NMR (DMSO-dy) &: 3.96 (t, J=5.9 Hz, 2H), 4.46 (t,
J=5.9 Hz, 2H), 7.84-7.86 (m, 5H), 8.51 (s, 1H).

Example 38
Production of (E)-3-(2-Fluoropheny])-N-[2-([1,2.4]triazol-1-yDethyl]-2-

propenamide dihydrochloride (Compound 39).

The same procedures as those in Compound 22 were carried out
from the compound obtained in Example 37 (1.5 g, 6.0 mmol), hydrazine
monohydrate (0.5 g, 10 mmol), and ethanol (100 mL), to give 2-
([1,2,4]triazol-1-yl)ethylamine as an oily product. This compound was
used in the subsequent reaction without purification. The same procedures
as those in Compound 22 were carried out from 2-fluorocinnamic acid
(1.0 g, 6.0 mmol), this compound (0.6 g, 5.0 mmol), WSC-HCI (1.5 g,

8.0 mmol), and methylene chloride (70 mL), to give an oily product. The
oily product was dissolved in methylene chloride (10 mL), and a 4 mol/L
hydrogen chloride-dioxane solution (13 miL, equivalent to HCI 52 mmol)
was added dropwise thereto at room temperature. The mixture was stirred
in that state for 3 hours, and the solvents were distilled off under a reduced
pressure, to give the captioned compound (0.4 g, 25%) as an amorphous
solid.

Example 39
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Production of 2-[2-([1.2.3 liriazol-1-y]ethvllisoindole-1.3-dione.

The same procedures as in Example 33 were carried out from 14~
[1.2.3]triazole (2.0 g, 30 mmol), N-(2-bromoethyl)phthalimide (7.6 g,
30 mmol), anhydrous potassium carbonate (6.2 g, 45 mmol), and DMF
(150 mL), to give the captioned compound (3.3 g, 45%) as an amorphous
solid. "H-NMR (DMSO-dj) 6: 3.99 (t, J=6.0 Hz, 2II), 4.70 (t, /=6.0 t1z,
2H), 7.70 (s, 2H), 7.84-7.85 (m, 4I1).

Example 40
Production of (E£)-3-(2-Fluorophenvh)-N-{2-(] 1.2,3]triazol-1-yHethyi}-2-

propenamide (Compound 40).

The same procedures as those in Compound 22 were carried out

from the compound obtained in Example 39 (3.0 g, 12 mmol), hvdrazine
monohydrate (0.9 g, 18 mmol), and cthanol (200 mL), to give 2-
([1,2,3]triazol-1-yl)ethylamine as an oily product. This compound was
used in the subsequent reaction without purification. The same procedures
as those in Compound 22 were carried out from 2-fluorocinnamic acid
(1.4 g, 9.0 mmol), this compound (0.9 g, 8.0 mmol), WSC-HC1 (1.9 g,
10 mmol), and methylene chloride (70 mL), to give the captioned
compound (0.4 g, 20%) as crystals.

Example 41
Production of 1-(2-Chloroethyl)-1H-indole.

Sodium hydroxide (4.0 g, 100 mmol) was finely powdered in an
argon atmosphere, and anhydrous 1,2-dichloroethane (60 mL), indole
3.5 g, 30 mmol) and tetra-»-butylammonium hydrogensulfate (0.7 g,

2.0 mmol) were then added thereto. The mixturc was stirred at room
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temperature for 1 hour, and then stirred at 50°C for 18 hours. The reaction
mixture was washed with water, and an organic layer was washed with a
saturated sodium chioride solution, and then dried over anhydrous sodium
sulfate. The residue obtained by distilling off the solvents under a reduced
pressure was purified with silica gel column chromatography (NH, #-
hexane : ethyl acetate = 7:3), to give the captioned compound (1.3 g, 24%)
as an oily product. "H-NMR (DMSO-d;) 8: 3.96 (t, /=6.0 Hz, 2H), 4.52 (1,
J=6.0 Hz, 2H), 6.45 (d, J=3.2 Hz, 1H), 7.02-7.05 (m, 1H), 7.12-7.15 (m,
1H), 7.40-7.41 (m, 1H), 7.50-7.56 (m, 2H).

Example 42
Production of 2-[2-(Indol-1-vl)ethyl]isoindole-1.3-dione.

The same procedures as in Example 33 were carried out from the
compound obtained in Example 41 (1.3 g, 7.2 mmol), potassium
phthalimide (1.7 g, 9.0 mmol), and DMF (130 mL), to give the captioned
compound (0.9 g, 43%) as an amorphous solid. 'H-NMR (DMSO-dg) 6:
3.94 (t, J=6.3 Hz, 2H), 4.45 (t, /=6.3 Hz, 2H), 6.36 (s, |H), 6.94-6.97 (m,
1H), 7.03-7.06 (m, 1H), 7.28 (s, 1H), 7.40-7.42 (m, 1H), 7.48-7.50 (m,
1H), 7.81 (s, 4H).

Example 43
Production of (E)-3-(2-Fluorophenyl)-N-[2-(indol-1-yDethyl]-2-

propenamide (Compound 41).

The same procedures as those in Compound 22 were carried out
from the compound obtained in Example 42 (0.9 g, 3.0 mmol), hydrazine
monohydrate (0.3 g, 6.0 mmol), and ethanol (50 mL), to give 2-(indol-1-

yDethylamine as an oily product. This compound was used in the
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subsequent reaction without purification. The same procedures as those in
Compound 22 were carried out from 2-(luorocinnamic acid (0.5 g,
3.0 mmol), this compound (0.3 g, 2.0 mmol), WSC-HC1 (0.8 g, 4.0 mmol),
and methylene chloride (30 mL), to give the captioned compound (0.4 g,
17%) as crystals.

LExample 44

Production of 2-[2-(2-Methylimidazol-1-vDethvl]isoindole-1.3-dione.

The same procedures as in Example 33 were carricd out from 2-
methylimidazole (3.3 g, 40 mmol), N-(2-bromoethyl)phthalimide (7.6 g,
30 mmol), anhydrous potassium carbonate (6.2 g, 45 mmol), and DMF
{150 mL), to give the captioned compound (1.8 g, 23%) as an amorphous
solid. 'H-NMR (DMSO-d) 8: 2.22 (s, 3H), 3.87 (t, /=6.2 Hz, 2H), 4.15 (t,
J=6.2 1z, 2H), 6.61 (s, 1H), 6.92 (s, 1H), 7.87 (m, 4H).

Example 45
Production of (£)-3-(2-Fluoropheny)-N-[2-(2-methylimidazol-1-yl)ethyl]-
2-propenamide (Compound 42).

The same procedures as those in Compound 22 were carried out

from the compound obtained in Example 44 (1.7 g, 6.6 mmol), hydrazine
monohydrate (0.5 g, 10 mmol), and ethanol (100 mL), to give 2-(2-
methylimidazol-1-yl)ethanamine as an oily product. This compound was
used in the subsequent reaction without purification. The same procedures
as those in Compound 22 were carried out from 2-fluorocinnamic acid
(0.8 g, 5.0 mmol), this compound (0.5 g, 4.0 mmol), WSC-HC1 (1.3 g,

7.0 mmol), and methylene chloride (50 mL), to give the captioned

compound (0.4 g, 32%) as crystals.
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[0072] Example 46
Production of 1-(2-Chloroethyl)-2-phenyl-1H-imidazole.

The same procedures as in Example 41 were carried out from 2-
phenylimidazole (10.0 g, 69 mmol}, sodium hydroxide (9.2 g, 213 mmol),
tetra-n-butylammonium hydrogensulfate (1.6 g, 4.6 mmol), and 1,2-
dichloroethane (140 mL), to give the captioned compound (5.4 g, 38%) as
an oily product. "H-NMR (DMSO-d) 8: 3.93 (t, J=6.0 Hz, 2H), 4.36 (4,
J=6.0 Hz, 2H), 7.03 (s, 1H), 7.43-7.59 (m, 4H), 7.59-7.61 (m, 2H).

[0073] Example 47
Production of 2-[2-(2-Isopropylimidazol-1-yl)ethyllisoindole-1,3-dione.

N-(2-Bromoethyl)phthalimide (12.7 g, 50 mmol) and anhydrous
potassium carbonate (6.9 g, 50 mmol) were added to a DMF (100 mL)
solution of 2-isopropylimidazole (5.0 g, 45 mmol), and the mixture was
stirred at 100°C for 14 hours. The reaction mixture was poured into ice
water, and extracted with ethyl acetate. An organic layer was dried over
anhydrous sodium sulfate. Théreaﬁer, the residue obtained by distilling
off the solvents under a reduced pressure was purified with silica gel
column chromatography (PSQ100B, chloroform : methanol = 100:1), to
give the captioned compound (2.8 g, 22%) as an oily product. 'H-NMR
(DMSO-dp) 8: 1.12 (d, J=6.7 Hz, 6H), 2.90-3.00 (m, 1H), 3.88 (t, /~6.3
Hz, 2H), 4.18 (t, /=6.3 Hz, 2H), 6.68 (s, 1H), 6.93 (s, 1H), 7.84-7.86 (m,
4H).

[0074] Example 48

Production of 2-(2-Isopropylimidazol-1-ylethylamine.

Hydrazine monohydrate (0.9 mL, 19 mmol) was added to an ethanol



10

15

20

25

45

(80 mL) solution of the compound obtained in Example 47 (2.7 g,

9.5 mmol), and the mixture was heated under refluxing for 6 hours. The
reaction mixture was cooled to room temperature, and the precipitated
crystals were filtered away. Methylene chloride was added to the residue
obtained by disﬁlling off the solvent of the filtrate under a reduced
pressure, and insoluble substances were filtered away. The solvents of the
filtratc were distilled off under a reduced pressure, to give the captioned
compound (1.1 g, 77%) as an oily product. 'H-NMR (DMSO-d;) 8: 1.18
(d, /=6.8 Hz, 6H), 2.79 (t, /~=6.7 Hz, 2H), 3.04-3.07 (m, 1H), 3.83 (t,
J-6.7 Hz, 2H), 6.73 (s, 1H), 6.99 (s, III).

Example 49
Production of (F)-3-(2-Fluoropheny)-N-[2-(2-isopropvlimidazol-1-

yDethyl|-2-propenamide.

The same procedures as those in Compound 22 were carried out
from 2-fluorocinnamic acid (1.1 g, 6.7 mmol), the compound obtained in
Example 48 (1.1 g, 7.3 mmol), WSC-HCI (1.5 g, 8.0 mmol), and
methylenc chloride (80 mL), to give the captioned compound (1.3 g, 68%)
as an oily product. "H-NMR (DMSO-dq) 8: 1.18 (d, J=6.7 Hz, 6H), 3.00-
3.03 (m, 1H), 3.45-3.48 (m, 2H), 4.02 (t, /=6.3 Tz, 2H), 6.70 (d, J=15.9
Hz, 1H), 6.76 (d, /=0.7 Hz, 1H), 7.01 (d, /=0.7 Hz, 1H), 7.26-7.30 (m,
2H), 7.41-7.43 (m, 1H), 7.51 (d, /=15.9 Hz, 1H), 7.63-7.65 (m, 1H), 8.40
(s, 1H).

Example 50 -
Production of (F)-3-(2-Fluoropheny])-N-[2-(2-isopropyvlimidazol-1-

yDethyl]-2-propenamide hydrochloride (Compound 43).
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A 4 mol/L hydrogen chloride-dioxane solution (3.3 mL, equivalent
to HCI 13 mmol) was added dropwise to a methylene chloride (20 mL)
solution of the compound obtained in Example 49 (1.3 g, 4.5 mmol) at
room temperature. The mixfure was stirred for 1 hour, and the solvents
were then distilled off under a reduced pressure, to give the captioned

compound (1.2 g, 83%) as an amorphous solid.

Example 51
Production of 2-[2-(2-Phenvlimidazol-1-vyDethyl]isoindole-1.3-dione.

The same procedures as in Example 47 were carried out from the
compound obtained in Example 46 (5.4 g, 26 mmol), potassium
phthalimide (5.8 g, 31 mmol) and DMF (130 mL), to give the captioned
compound (5.4 g, 66%) as an oily product. 'H-NMR (DMSO-ds) §: 3.76
(t, J=5.8 Hz, 2H), 4.39 (t, /=5.8 Hz, 2H), 6.93 (s, 1H), 7.18-7.24 (m, 3H),
7.29 (s, 1H), 7.33-7.35 (m, 2H), 7.70-7.72 (m, 2H), 7.79-7.80 (m, 2H).

Example 52
Production of 2-(2-Phenylimidazol-1-yDethylamine.

The same procedures as in Example 48 were carried out from the
compound obtained in Example 51 (5.4 g, 17 mmol), hydrazine
monohydrate (1.7 mL, 34 mmol), and ethanol (150 mL), to give the
captioned compound (3.1 g, 98%) as an oily product. "H-NMR (DMSO-
dg) 6: 2.84 (t, J=6.7 Hz, 2H), 3.98 (t, J=6.7 Hz, 2H), 6.99 (s, 1H), 7.32 (s,
1H), 7.43-7.49 (m, 3H), 7.62-7.64 (m, 2H).

Example 53
Production of (E)-3-(2-Fluorophenyl)-N-[2-(2-phenylimidazol-1-yl)ethyl]-

2-propenamide (Compound 44).
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The same procedures as those in Compound 22 were carried out
from 2-fluorocinnamic acid (2.8 g, 15 mmol), the compound obtained in
Example 52 (3‘1‘g, 17 mmol), WSC-IICI (3.5 g, 18 mmol), and methylene
chloride (100 mL), to give the captioned compound (4.0 g, 79%) as
crystals.

Example 54

Production of 2-[3-(Imidazol-1-yDpropvllisoindole-1,3-dione.

The same procedures as in Example 33 were carried out from &-(3-
bromopropyl)phthalimide (5.4 g, 20 mmol), imidazole (1.4 g, 20 mmol),
anhydrous potassium carbonate (4.1 g, 30 mmol), and DMF (100 mL), to
give the captioned compound (2.5 g, 49%) as an oily product. "H-NMR
(DMSO-dg) 8: 2.01-2.07 (m, 2H), 3.56 (1, /=6.7 Hz, 2H), 4.02 (t, J/=7.1 Hz,
2H), 6.87 (s, 1H), 7.19 (s, 1H), 7.63 (s, 1H), 7.83-7.88 (m, 4H).

Example 35
Production of (E)-3-(2-Fluorophenyl)-N-[3-(imidazol~1-yl)proayl]-2-

propenamide hydrochloride (Compound 45).

The same procedures as those in Compound 22 were carried out
from the compound obtained in Example 54 (2.5 g, 10 mmol), hydrazine
monohydrate (1.0 g, 20 mmol), and ethanol (100 mL), to give 3-(imidazol-
1-yl)propylamine as an oily product. This compound was used in the
subsequent reaction without purification. The same procedures as those in
Compound 22 were carried out from 2-fluorocinnamic acid (1.7 g,

10 mmot), this coﬁxpound (1.2 g, 10 mmol), WSC-HCI (2.3 ¢, 12 mmol),
and methylene chloride (120 ml.), to give a free form as an oily product.

A 4 mol/L hydrogen chloride-dioxane solution (3.0 mL, cquivalent to FICI




2

15

20

48

12 mmol) was added dropwise to a methylene chloride (10 mL) solution
of the free form at room temperature. The mixture was stirrcgl in that state
for 24 hours, and the solvents were distilled off under a reduced pressure,
to give the captioned compound (0.8 g, 26%) as an oily product.

Example 56
Production of (F)-3-(4-Fluorophenyl}-2-methyl-2-propenoic acid.

Methylmalonic acid (11.4 g, 97 mmol) and piperidine (9.6 mL,
97 mmol) were added to a pyridine (200 mL) solution of 4-
fluorobenzaldehyde (8.0 g, 65 mmol), and the mixture was stirred at
100°C for 16 hours. Water was added to the residue obtained by distilling
off the solvent under a reduced pressure, the solution was made acidic
with a diluted hydrochloric acid, and the precipitated crystals were
collected by filtration. The crystals obtained were dissolved in diethy!l
ether, and the solution was back-extracted with a 10% aqueous sodium
hydroxide solution. An aqueous layer was made acidic with a diluted
hydrochloric acid, and the precipitated crystals were collected by filtration,
to give the captioned compound (7.1 g, 61%). Mp. 154-155°C. 'H-NMR
(DMSO-dg) 6: 2.02 (s, 3H), 7.26-7.29 (m, 2H), 7.52-7.59 (m, 3H), 12.55 (s,
1H).

Example 57
Production of (£)-3-(4-Fluorophenyl)-2-methyl-N-(3-morpholinopropyl)-

2-propenamide (Compound 46).

The same procedures as those in Compound 22 were carried out
from the compound obtained in Example 56 (2.5 g, 14 mmol), 3-

morpholinopropylamine (2.2 mL, 15 mmol), WSC-HCI (3.2 g, 17 mmol),
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and methylene chloride (100 mL), to give the captioned compound (2.6 g,
60%) as crystals.
ixample 58

Production of Ethyl 2-formvlbenzoate.

The same procedures as in Example 47 were carried out from o-
phthalaldehydic acid (20 g, 133 mmol), todoethane (13 mL, 160 mmuol),
anhydrous potassium carbonate (22.1 g, 160 mmol), and DMF (200 mL),
to give the captioned compound (20.9 g, 88%) as an oily product. 'H-
NMR (DMSO-dg) 8: 1.34 (t, /=7.0 Hz, 3H), 4.37 (q, /=7.0 Hz, 2H), 7.77-
7.91 (m, 4H), 10.40 (s, 1H).

Example 59

Production of (£)-3-(2-FEthoxycarbonyiphenv])-2-propenoic acid.

Malonic acid (18.3 g, 176 mmol) and piperidine (1.2 mL, 12 mmol)
were added to a pyridine (400 mL) solution of the compound obtained in
Example 58 (20.8 g, 117 mmol) at room temperature, and the mixture
was heated under refluxing for 2 hours. Water was added to the residue
obtained by distilling off the solvent under a reduced pressure, and the
solution was made acidic with a diluted hydrochloric acid. The
precipitated crystals were collected by filtration and washed with water,
to give the captioned compound (21.0 g, 82%). Mp. 170-171°C. 'H-
NMR (DMSO~d5) 6:1.34 (1, /=7.0 Hz, 3H), 4.34 (q, J=7.0 Hz, 21]), 6.43
(d, J/=15.5 Hz, 1H), 7.53-7.56 (m, 1H), 7.62-7.65 (m, 1H), 7.84-7.89 (m,
2H), 8.24 (d, J/=15.5 Hz, 1H), 12.52 (s, 1H).

Example 60
Production of (E)-3-(2-Ethoxvcarbonviphenyl)-N-[2-(imidazol-1-
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vllethvll-2-propenamide.

The same procedures as those in Compound 22 were carried out
from the compound obtained in Example 59 (8.0 g, 37 mmol), 1-(2-
aminoethyl)imidazote (4.5 g, 40 mmol), WSC-HCI (8.4 g, 44 mmol), and
methylene chloride (400 ml.), to give the captioned compound (7.3 g,
64%) as crystals. Mp. 135-136°C. YH-NMR (DMSO-d) 8: 1.33 (t, J~7.0
He, 3H), 3.52 {q, /=7.0 Hz, 2H), 4.11 (t, J/=6.0 Hz, 2H), 4.30-4.35 (1n, 2H),
6.52 (d, J=15.5 Hz, 1H), 6.90 (s, 1H), 7.18 (s, 1H), 7.49-7.52 (i, 1H),
7.61-7.68 (m, 3H), 7.84 (d, /=7.5 Hz, 1H), 8.05 (d, J=15.5 Hz, 1H), 8.31 (t,
J~5.5 Hz, 1H).

Example 61

Production of (E)-3-(2-Carboxypheny)-N-[(2-imidazol-1-v])ethyl]-2-

propenamide (Compound 47).

A 1 mol/L aqueous sodium hydroxide solution (4.8 mmol,

equivalent to NaOH 4.8 mmol) was added dropwise to an ethanol (50 mL)
solution of the compound obtained in Example 60 (1.0 g, 3.2 mmol) at
room temperature, and the mixture was stirred at S0°C for 3 hours. Water
was added to the residue obtained by distilling off the solvent under a

reduced pressure, and the solution was neutralized with DIATON SK-

" 116H" Foam. The ion-cxchange resin was filtered away with a Millipore

filter, and the filirate was then distilled off under a reduced pressure, to

give the captioned compound (0.6 g, 71%) as an amorphous solid.

[0088] Example 62

Production of 2-[2-(2-Butvlimidazol-1-vl)ethyl]isoindole-1.3-dione.

The same procedures as in Example 47 were carried out from 2-
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butylimidazole (5.0 g, 40 mmol), N-(2-bromoethyl)phthalimide (15.4 g,
60 ramol), anhydrous potassium carbonate (8.4 g, 64 mmol) and DMF
(100 mL), to give the captioned compound (4.6 g, 39%) as an amorphous
solid. "H-NMR (DMSO-ds) 8: 0.80 (t, J=7.3 Hz, 3H), 1.22-1.26 (m, 211),
1.52-1.55 (m, 2H), 2.49-2.53 (m, 2H), 3.87 (t, /=6.2 Hz, 2II), 4.16 (t,
J=6.2 Hz, 2H), 6.67 (s, 1H), 6.97 (s, 1H), 7.83-7.87 (m, 4H).

Example 63
Production of 2-(2-Butylimidazol-1-vDethvlamine.

The same procedures as in Example 48 were carried out from the
compound obtained in Example 62 (4.0 g,14 minol), hydrazine
monohydrate (1.3 mi., 27 mmol}), and ethanol (80 mL), to give the
captioned compound (2.0 g, 89%) as an oily product. 'FI-NMR (DMSO-
dg) 8: 0.89 (t, /=7.3 Hz, 3H), 1.32-1.36 (m, 2H), 1.60-1.63 (m, 2H), 2.58-
2.61 (m, 2H), 2.78 (t, /=6.7 Hz, 2H), 3.81 (1, /=6.7 Hz, 2H), 6.72 (s, 11I),
7.01 (s, IH).

Example 64
Production of (E)-N-[2-(2-Butylimidazol-1-vhethyl]-3-(2-fluorophenvi)-

2-propenamide.

The same procedures as those in Compound 22 were carried out
from 2-fluorocinnamic acid (1.8 g, 11 mmol), the compound obtained in
Example 63 (2.0 g, 12 mmol), WSC-HC1 (2.5 g, 13 mmol), and methylene
chloride (130 mL), to give the captioned compound (2.0 g, 59%) as an
oily product. 'H-NMR (DMSO-d¢) 8: 0.85 (t, J/=7.3 Hz, 3H), 1.29-1.34
(m, 2H), 1.59-1.62 (m, 2H), 2.57 (t, J=7.5 Hz, 2H), 3.43-3.46 (m, 2H),
4.00 (t, /=6.2 Hz, 2H), 6.70 (d, /=16.0 Hz, 1H), 6.75 (s, 1H), 7.04 (s, 1H),
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7.26-7.30 (m, 2H), 7.40-7.50 (m, 1II), 7.51 (d, /=16.0 Hz, 1H), 7.60-7.70
(m, 1H), 8.39 (s, 1H).
[0091] Example 65

Production of (E)-3-(2-Fluorophenv])-A-[2-(2-butvlimidazol-1-vDethyl]-

2-propenamide hydrochloride (Compound 48).

The same procedures as those in Compound 43 were carried out
from the compound obtained in Exarple 64 (2.0 g, 6.2 mmol), a 4 mol/L
hydrogen chloride-dioxane solution (4.8 mL, equivalent to HCI 19 mmol),
and methylene chiloride (30 mL), to give the captioned compound (2.2 g,
99%) as an amorphous solid.

[0092] Example 66

Production of (£}-3-{3-Methoxvecarbonylphenyl)-2-propenoic acid.

The same procedures as in Example 59 were carried out from methy!
3-formylbenzoate (5.0 g, 30 mmol), malonic acid (4.7 g, 45 mmol),
piperidine (0.3 g, 3.0 mmol) and pyridine (100 mL), to give the captioned
compound (4.7 g, 76%) as crystals. Mp. 195-197°C. 'H-NMR (DMSO-
dg) 8: 3.88 (s, 3H), 6.62 (d, /=16.0 Hz, 1H), 7.55-7.70 (m, 2H), 7.95-8.03
(m, 2H), 8.19 (s, 1H).

[0093] Example 67
Production of (E)-3-(3-Methoxycarbonviphenvh)-N-[2-(imidazol-1-

yDethyl]-2-propenamide.

The same procedures as those in Compound 22 were carried out
from the compound obtained in Example 66 (1.5 g, 7.0 mmol), 1-(2-
aminocthyl)imidazole (0.8 g, 6.0 mmol), WSC-HCI (1.5 g, 8.0 mmol), and

methylene chloride (50 mL), to give the captioned compound (1.2 g, 33%)
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as an amorphous solid. "H-NMR (DMSO-dg) 8: 3.52 (t, /=6.0 11z, 2H),
3.88 (s, 3H), 4.10 (t, J/=6.0 Hz, 2H), 6.73 (d, J=16.0 Hz, 1H), 6.89 (s, 1),
7.18 (s, 1H), 7.46-7.62 (m, 3H), 7.83 (t, /=7.7 Hz, 1H), 7.94 (t, /=7.7 Hz,
1H), 8.14 (s, 1H), 8.29 (t, J/=5.8 Hz, 1H).

Example 68

Production of (£)-3-(3-Carboxyphenyl)-N-[(2-imidazol-1-vDethvl]-2-

propenamide hydrochloride (Compound 49).

An aqueous solution (50 ml) of sodium hydroxide (0.3 g, 7.0 mnmol)
was added to a methanol (30 mL) solution of the compound obtained in
Example 67 (0.6 g, 2.0 mmol) at room temperature, and the mixture was
stirred at 80°C for 3 hours. The reaction mixture was made acidic with a
diluted hvdrochloric acid, and the solvents were then distilled off under a

reduced pressure. The residue was dissolved in methanol, insoluble

. substances were filtered away, and the solvents were then distilled off

under a reduced pressure. The obtained residue was dissolved in
methylenc chloride (10 mlL), and a 4 mol/I. hydrogen chloride-dioxane
solution (3 mL, equivalent to HICI 12 imnmol) was added dropwise thereto
at room temperature. The mixture was stirred in that state for 24 hours,
and the solvents were then distilled off under a reduced pressure, to give
the captioncd compound (0.8 g, 99%) as crystals.

Ex-amgle 69
Production of (£)-3-(4-Methoxycarbonviphenyl)-2-propenoic acid.

The same procedures as in Example 59 were carricd out from methyl
4-formylbenzoate (5.0 g, 30 mmol), malonic acid (4.7 g, 45 mmol),

piperidine (0.3 g, 3.0 mmol) and pyridine (100 mL), to give the captioned
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compound (6.0 g, 97%) as crystals. Mp. 246-248°C. 'H-NMR (DMSO-
ds) 5: 3.87 (s, 3H), 6.66 (d, J=16.0 Hz, 1H), 7.64 (&, /=16.0 Hz. {H), 7.82-
7.84 (m, 2H), 7.96-7.98 (m, 2H).

Example 70

Production of {(E)-3-(4-Methoxvcarbonylphenyi)-N-[2-(imidazol-1-

yDethyl]-2-propenamide.

The same procedures as those in Compound 22 were carried out
from the compound obtained in Example 69 (1.2 g, 6.0 mmol), 1-(2-
aminoethyl)imidazole (0.6 g, 5.0 mmol), WSC<HCI (1.5 g, 8.0 mmol), and
methylence chloride (50 ml.), to give the captioned compound (1.2 g, 80%)
as an amorphous solid. 'H-NMR (DMSO-ds) 8: 3.51-3.53 (m, 2H), 3.86
(s, 31D, 4.09-4.11 (m, 2H), 6.73 (d, J=16.0 Iz, 1H), 6.89 (s, 1H), 7.17 (s,
111), 7.48 (d, /=16.0 Hz, 1H), 7.60 (s, 1H), 7.70 (d, J=7.7 Hz, 2H), 7.98 (d,
J=1.7 Hz, 2H).

Example 71
Production of (E)-3-(4-Carboxyphenyl)-N-[(2-imidazol-1-yDethyl]-2-

propenamide hydrochloride (Compound 50).

The same procedures as those in Compound 49 were carried out

from the compound obtained in Example 70 (1.0 g, 3.0 mmol), sodium
hydroxide (0.2 g, 5.0 mmol), methanol (30 ml.), water (5.0 mL),
methylene chloride (10 mL), and a 4 mol/L, hydrogen chloride-dioxane
solution (3.0 mL), to give the captioned compound (1.2 g, 99%) as
crystals.

Example 72

Production of (¥)-3-(2-Fluorophenvl)-2-propenoyl chloride.
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Oxalyl chloride (3.8 g, 30 mmol) was added to a methylene chloride
(50 mL) solution of 2-fluorocinnamic acid (1.0 g, 6.0 mmol) at 0°C, and
the mixturc was stirred at room temperature for 18 hours. The solvent
was distilled off under a reduced pressure, to give the captioned
compound (1.0 g, 91%) as an oily product. This compound was used in
the subsequent reaction without purification.

Example 73
Production of (£)-3-(2-Fluorophenyl)-N-[4-(2 H-pvrazol-3-yv)phenyl]-2-

propenamide ( Coi‘nnound S1).

An anhydrous THF (25 mL) solution of the compound obtained in
Example 72 (0.5 g, 3.0 munol) was added dropwise to an anhydrous TII
(25 mlL) solution of 5-[4-(aminophenyl)]-2H-pyrazole (0.7 g, 4.0 mmol)
at 0°C, and the mixture was stirred at room temperature for 1 hour.
Mecthanol (50 mL) was added to the reaction mixture, and the
sedimentations were removed by decantation. The residue obtained by
distilling off the solvent under a reduced pressure was purified with silica
gel column chromatography (NH, n-hexane : ethyl acetate = 1:1). The
intended product .was crystallized from petroleum ether, to give the
captioned compound (0.2 g, 25%).

Compounds 52 to 56 were produced in the same manner as this
compound from appropriate starting compounds.

Example 74
Production of (£)-N-3-Morpholinopropyl)-3-(2-trifluoromethylphenyl)-2-

propenamide.

The same procedures as those in Compound 22 were carried out
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trom 2-trifluoromethylcinnamic acid (2.5 g, 12 mmol), 3-
morplolinopropylamine (1.9 mL, 17 mmol), WSC-HCI (2.7 g, 14 mmol),
and mcthylene chloride (100 mL), to give the captioned compound (2.8 g,
71%) as an oily product. 'H-NMR (DMSO0-dy) §: 1.61-1.64 (m, 2H),
2.29-2.34 (m, 6H), 3.21-3.22 (m, 2H), 3.56-3.58 (m, 4H), 6.68 (d, /~15.5
Hz, 1H), 7.59-7.83 (m, 5Hj, 8.26 (s, 1H).

Example 73
Production of (£)-N-(3-Morpholinopropvl)-3-(2-triflyoromethyiphenyl)-2-

propenamide hvdrochloride (Compound 57).

A 4 mol/L hydrogen chloride-dioxane solution (4.0 mL, equivalent
to HCI 16 mmol) was added dropwise to a methylene chloride (40 mL)
solution of the compound obtained in Example 74 (2.8 g, 8.2 mmol) at
room temperature, and the mixture was stirred in that state for 1 hour.
Diethyl ether was added to the residue obtained by distilling off the
solvent under a reduced pressure, and the precipitated crystals were
collected by filtration, to give the captioned compound (2.6 g, 84%).

Example 76
Production of (¥)-2-Cyang-3-(4-flunorophenyl)-2-propenoic acid.

Cyanoacetic acid (7.2 g, 85 mmol) and piperidine (9.0 mL,
85 mmol) were added to an ethanol (200 mL) solution of 4-fluorobenzoic
acid (10.0 g, 81 mmol) at room temperature, and the mixture was stirred at
60°C for 3 hours. Water was added to the residue obtained by distilling
off the solvent under a reduced pressure, and the solution was made acidic
with a diluted hydrochloric acid. The precipitated crystals were collected

by filtration, and washed with water, to give the captioned compound
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(13.2 g, 88%). Mp. 192-193°C. 'H-NMR (DMSO-d;) 5: 7.44-7.48 (m,
2H), 8.13-8.16 (m, 2H), 8.37 (s, 1H), 13.85-14.20 (br, 1H).

Example 77
Production of 2.5-Dioxopyrrolidin-1-vl (E)-2-cyano-3-(4-fluorophenyl)-2-

propenoate.

The same procedures as those in Compound 22 were carried out
from the compound obtained in Example 76 (5.0 g, 26 mmol), HOSu
(4.5 g, 39 mmol), WSC-HCI (7.5 g, 39 mmol), and methylene chloride
(150 mL), to give the captioned compound (3.1 g, 42%) as crystals. Mp.
159-160°C. '"H-NMR (DMSO-dg) 8: 2.91 (s, 4H), 7.51-7.55 (m, 2H), 8.57-
8.29 (m, 21), 8.75 (s, 1HD).

Example 78
Production of (E)-2-Cyano-3-(4-fluorophenyl)-N-(3-morpholinopropyl)-2-

propenamide (Compound 58).

A THF (5.0 mL) solution of 3-morpholinopropylamine (1.0 mL,
6.9 mmol) was added dropwise to a THF (20 mL) solution of the
compound obtained in Example 77 (1.0 g, 3.5 mmol) at room temperature,
and the mixture was stirred in that state for 1 hour. The precipitated
crystals were filtered away. Thereafter, the residue obtained by distilling
off the solvent of the filtrate under a reduced pressure was purified with
silica gel column chromatography (PSQ100B,
chloroform : methanol = 60:1), to give the captioned compound (0.3 g,
26%) as crystals.

Example 79

Production of 2-[3-(Piperidin-1-ylpropvllisoindole-1.3-dione.




N

15

20

25

[0106]

[0107)

58

A toluene (300 mL) solution of N-(3-bromopropyl)phthalimide
(10.0 g, 37 mmol) and piperidine (8.1 mL, 82 mmol) was heated under
refluxing for 2 hours. The residue obtained by distilling off the solvent
under a reduced pressure was dissolved in ethyl acctate, the solution was
washed with water, and an organic layer was then dried over anhydrous
sudium sulfate. The residue obtained by distilling of the solvents under a
reduced pressure was purified with silica gel column chromatography
(PSQ100B, chloroform : methanol = 50:1), to give the captioned
compound (6.7 g, 67%) as an oily product. 'TI-NMR (DMSO-de) §: 1.20-
1.30 (m, 6H), 1.71-1.74 (m, 2I1), 2.18-2.27 (m, 6H), 3.63 (t, /=6.8 11z,
2H), 7.82-7.88 (m, 4H).

Example 80
Production of [3-(Piperidin-1-ylY|propylamine.

The same procedures as in Example 48 were carried out from the
compound obtained in Example 79 (6.7 g, 25 mmol), hydrazine
monohydrate (2.4 ml., 50 mmol), and ethanol (250 mL), to give the
captioned compound (1.9 g, 55%) as an oily product. 'H-NMR (DMSO-
dg) 8: 1.43-1.52 (m, 2H), 1.63-1.70 (m, 6H), 2.34-2.43 (m, 6H), 2.63 (t,
J=7.1 Hz, 2H).

Example 81
Production of (£)-3-(2-Fluorophenyl)-N-[3-(1-piperidyl)propyl]-2-

propenamide hydrochloride {Compound 59).

The same procedures as those in Compound 22 were carried out

from the compound obtained in Example 80 (1.9 g, 14 mmol), 2-

fluorocinnamic acid (2.2 g, 13 mmol), WSC+HCI (3.0 g, 16 mmol), and
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methylene chloride (100 mL), to give an oily product. The oily product
(3.0 g, 10 mmol) was dissolved in methylene chloride (80 ml.), and a

4 mol/L hydrogen chloride-dioxane solution (5.2 mL, equivalent to HCI
21 mmol) was added dropwise thereto at room temperature, and the
mixture was stirred at room temperature for 30 minutes. The precipitated
crystals were collected by filiration, and washed with diethyl ether, to give
the captioned compound (2.9 g, 68%).

Example 82

Production of 2-[3-(Thiomorpholin-4-vDpropvllisoindole-1.3-dione.

The same procedures as in Example 79 were carried out from N-(3-
bromopropyl)phthaiimide (10.0 g, 37 mmol), thiomorpholine (7.8 mL,
82 mmol), and toluene (300 mL), to give the captioned compound (7.1 g,
66%) as an oily product. "H-NMR (DMSO-dg) §: 1.72-1.74 (m, 21),
2.31-2.39 (m, 6H), 2.49-2.51 (m, 4H), 3.63 (t, J=6.8 Hz, 2I1), 7.83-7.88
{(m, 4H).

Example 83
Production of 3-( Thiomorpholin—4'-yl Jpropylamine.

The same procedures as in Example 48 were carried out from the
compound obtained in Example 82 (7.1 g, 25 mmol), hydrazine
monohydrate (2.4 mL, 49 mmol) and ethanol (250 mL), to give the
captioned compound (2.5 g, 65%) as an oily product. 'H-NMR (MeOD)
8:1.63-1.68 (m, 2H), 2.41-2.63 (m, 2H), 2.63-2.73 (m, 10H).

Example 84
Production of (E)-3-(4-Fluorophenyl)-N-(3-thiomorpholinopropyl)-2-

propenamide (Compound 60).
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The same procedures as those in Compound 22 were carried out
from the compound obtained in Example 83 (2.4 g, 15 mmuol), 4-
fluorocinnamic acid (2.3 g, 14 mmol), WSC-HCI (3.2 g, 19 mmol), and
methylene chloride (100 mL), to give the captioned compound (2.9 g,
67%) as crystals.

[0111] Example 85
Production of (E)-3-(2-Fluorophenyl)-N-3-thiomorpholinopropyl]-2-

ropenamide.

The same procedures as those in Compound 22 were carried out
from the compound obtained in Example 83 (2.5 g, 16 mmol), 2-
fluorocinnamic acid (2.4 g, 14 mmol), WSC+HCI (3.3 g, 17 mmol), and
methylene chloride (100 mL), to give the captioned compound (3.7 g,
84%) as an oily product. 'H-NMR (DMSO-dg) §: 1.59-1.62 (mn, 2H),
2.32-2.35 (m, 2H), 2.59-2.62 (m, 8H), 3.17-3.21 (m, 2H), 6.72 (d, /=16.0
Hz, 1H), 7.25-7.30 (m, 2H), 7.42-7.50 (m, 2H), 7.64-7.67 (m, 1H), 8.22 (¢,
J=5.5 Hz, 1H).

[0112] Example 86
Production of (E)-3-(2-Fluorophenyl)-N-(3-thiomorpholinopropyl)-2-
propenamide hydrochloride (Compound 61).

The same procedures as those in Compound 59 were carried out
from the compound obtained in Example 85 (3.7 g, 12 mmol), a 4 mol/L
hydrogen chloride-dioxane solution (6.0 mL, equivalent to HC1 24 mmol),
and methylene chloride (100 mL}), to give the captioned compound (3.7 g,
89%) as crystals.

[0113] Example 87
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Production of 2-[3-(1.1-Dioxothiomorpholin-4-ypropvljisoindole-1,3-

dione.

The same procedures as in Example 79 were carried out from N-(3-
bromopropyl)phthalimide (10.0 g, 37 mmol), 1,1-dioxothiomorpholine
(11.1 g, 82 munol), DIPEA (9.7 mL, 56 mmol), and toluene (300 mL), to
give the captioned compound (9.9 g, 82%) as crystals. Mp. 172-173°C.
"H-NMR (DMSO-dg) &: 1.73-1.76 (m, 2H), 2.48-2.51 (m, 2H), 2.80-2.82
(m, 4H), 2.93-2.95 (m, 411), 3.63-3.66 (m, 2I1), 7.83-7.89 (m, 4FI).

lixamplc 88
Production of 3-(1.1-Dioxothiomorpholin-4-yDpropylamine.

The same procedures as in Example 48 were carried out from the
compound obtained in Example 87 (9.0 g, 28 mmol), hydrazine
monohydrate (2.7 mL, 56 mmol), and ethanol (300 mL), to give the
captioned compound (4.6 g, 86%) as an oily product. 'H-NMR (DMSO-
dg) 6: 1.46-1.49 (m, 2H), 2.45-2.49 (m, 2H), 2.52-2.55 (m, 2H), 2.83-2.86
(m, 4H}, 3.05-3.07 (m, 4H).

Example 89
Production of (£)-N-{3-(1,1-Dioxo-1.4-thiazinan-4-yl)propyl]-3-(2-

fluorophenvl)-2-propenamide.

The same procedures as those in Compound 22 were carried out
from the compound obtained in Example 88 (2.5 g, 13 mmol), 2-
fluorocinnamic acid (2.0 g, 12 mmol), WSC-HCI (2.7 g, 14 mmol), and
methylene chloride (80 mL), to give the captioned compound (2.6 g, 64%)
an oily product. "H-NMR (DMSO-d) 5: 1.60-1.63 (m, 2H), 2.48-2.51 (m,
2H), 2.87-2.89 (m, 4H), 3.07-3.09 (m, 4H), 3.19-3.23 (m, 2H), 6.72 (d,
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J=16.0 Hz, 1H), 7.25-7.30 (m, 2H), 7.42-7.50 (m, 2F), 7.64-7.67 (m, 1H),
8.22 (t, J=5.4 Hz, 1H).

Example 90
Production of (E)-N-[3-(1.1-Dioxo-1.4-thiazinan-4-yl)propyl]-3-(2-

fluorophenyl)-2-propenamide hydrochloride (Compound 62).

The same procedures as those in Compound 61 were carried out
from the compound obtained in Example 89 (2.6 g; 7.7 mmol), a 4 mol/L,
hydrogen chloride-dioxane solution (4.0 mL, equivalent to HCI 16 mmol),
and methylene chloride (60 mL), to give the captioned compound (2.3 g,
79%) as crystals.

Example 91
-N-

3-(1.1-Dioxo-1,4-thiazinan-4-

Production of (£
fluoropheny!)-2-propenamide.

The same procedureé as those in Compound 22 were carried out
from the compound obtained in Example 88 (2.0 g, 10 mmol), 4-
fluorocinnamic acid (1.5 g, 9.2 mmol), WSC+HCI (2.1 g, 11 mmol), and
methylene chloride (60 mL), to give the captioned compound (1.8 g, 59%)
as an oily product. "H-NMR. (DMSO-dg) &: 1.59-1.61 (m, 2H), 2.47-2.50
(m, 2H), 2.86-2.88 (m, 4H), 3.07-3.09 (m, 4H), 3.18-3.22 (m, 2H), 6.56 (d,
J=15.8 Hz, 1H), 7.23-7.27 (m, 2H), 7.41 (d, /~15.8 Hz, 1H), 7.61-7.63 (m,
2H), 8.09 (t, J/=5.5 Hz, L H).

Example 92
Production of (E)-N-[3-(1,1-Dioxo-1.4-thiazinan-4-yl)propyl]-3-(4-

fluorophenyl)-2-propenamide hvdrochloride (Compound 63).

The same procedures as those in Compound 58 were carried out
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from the compound obtained in Example 91 (1.8 g, 5.4 mmol), a2 4 mol/L
hydrogen chloride-dioxane solution (2.7 mL, equivalent to I1IC] 11 minol),
and methyiene chloride (50 mL), to give the captioned compound (1.6 g,
79%) as crystals,

Example 93

Production of (£)-N-[3-(Cvclohexvlamino)propyl}-3-(2-fluorophenyl)-2-

propenamide.

A THF (30 mL) solution. of N-cyclohexyl-1,3-propanediamine
(3.9 mL, 23 mmol) was added dropwise to a THF (100 ml.) solution of
(2,5-dioxopyrrolidin-1-yl) (£)-3-(2-fluorophenyl)-2-propenoate (3.0 g,
11 mmol) at 0°C, and the mixture was stirred at room temperature for
I hour. The precipitated crystals were filtered away, and the solvent of the
filtrate was then distilled off under a reduced pressure. The obtained
residue was dissolved in ethy! acetate, the solution was washed with water,
and an organic layer was then dried over anhydrous sodium sulfate. The
residue obtained by distilling off the solvents under a reduced pressure
was purified with silica gel column chromatography (NH, chloroform), to
give the captioned compound (2.9 g, 84%) as an oily product. "H-NMR
{(DMSO-dg) 3: 0.96-1.21 {m, 5I1), 1.34-1.36 (m, 1H), 1.53-1.59 (m, 3H),
1.64-1.67 (m, 2H), 1.78-1.81 (m, 211), 2.29-2.32 (m, 1H), 2.51-2.55 (m,
2H), 3.20-3.24 (m, 2H), 6.72 (d, J/~16.0 Hz, 1), 7.25-7.30 (m, 2H), 7.42-
7.49 (m, 2H), 7.63-7.67 (m, 1H), 8.24 (t, /5.5 Hz, 1H).

Example 94
Production of (£)-N-{(3-Cyclohexvilamine)propvl]-3-(2-fluorophenyl)-2-

propenamide hvdrochloride (Compound 64).
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The same procedures as those in Compound 59 were carried out
from the compound obtained in Example 93 (2.9 g, 9.6 mmol), a 4 mol/L
hydrogen chloride-dioxane solution (4.8 mL, equivalent to HCI 19 mmol),
and methylene chloride (80 mL), to give the captioned compound (2.9 g,

91%) as crystals.

Example 95
Production of (E)-3-(2-Fluorophenyl)-N-(4-guanidinobutyl)-2-
propenamide hydrochloride (Compound 65).

An aqueous solution (30 mL) of sodium hydroxide (0.4 g, 10 mmol)
was added to a methylene chloride (30 mL) solution of Compound 14
(1.8 g, 8.0 mmol) at room temperature, and the mixture was stirred in that
state for 1 hour. The reacﬁon mixture was extracted with methylene
chloride, and an organic layer was dried over anhydrous sodium sulfate.
The residue obtained by distilling off the solvents under a reduced
pressure was dissolved in DMF (10 mL), N-(1H-pyrazol-1-yl)guanidine
(1.2 g, 8.0 mmol) and triethylamine (3.6 g, 36 mmol) were then added to
the solution at room temperature, and the mixture was stirred for 72 hours.
Diethyl ether (100 mL) was added to the reaction mixture, and an upper
layer was removed by decantation. Thereafter, the solvents were distilled
off under a reduced pressure, to give an oily product. A 4 mol/L hydrogen
chloride-dioxane solution (13 mL, equivalent to HCl 52 mmol) was added
to the obtained residue at room temperature, and the mixture was stirred in
that state for 3 hours. Methanol and methylene chloride were added to the
residue obtained by distilling off the solvents under a reduced pressure,

and the precipitated crystals were collected by filtration, to give the
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captioned compound (1.8 g, 75%).

Iixample 96
Production of Methyl 3-

propanoate,

'The same procedures as those in Compound 22 were carried out
from 2-fluorocinnamic acid (8.3 g, 50 mmol), methyl 3-aminopropionate
hydrochloride (7.0 g, 50 mmol), WSC-HC1 (10.5 g, 55 mmol),
triethylamine (6.0 g, 60 mmol), and methylene chloride (300 mL), to give
the captioned compound (9.7 g, 78%) as an oily product. '"H-NMR
(DMSO-dg) 8: 2.55 (t, J=6.5 11z, 2H), 3.41 (i, /=6.5 Hz, 2H), 3.62 (s, 311),
6.72 (d, /=16.0 Tz, 1H), 7.24-7.30 (m, 2H), 7.42-7.51 (m, 2I1), 7.63-7.67
(m, 18).

Example 97

Production of 3-{[(£)-3-(2-Fluoropheny])-2-propenoyvllamine propanoic

acid (Compound 66).

A | mol/L aqueous sodium hydroxide solution was added dropwise
to an ethanol (160 mL) solution of the compound obtained in Example 96
(1.0 g, 4.0 mmol) at room temperature. The mixture was heated under
refluxing for 2 hours, and insoluble substances were filtered away under
heating. The solvent of the filtrate was distilled off under a reduced
pressure, water was then added to the residue, and the solution was made
acidic with a diluted hydrochloric acid. The precipitated crystals were
collected by filtration, and dissolved in diethyl cther, and the solution was
back-extracted with a 1 mol/L. agueous sodium hydroxide solution. An

aqueous layer was made acidic with a diluted hydrochloric acid, and the
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precipitated crystals were collected by filtration and washed with water, to

give the captioned compound (950 mg, 99%).

[0124] Example 98

Production of 2-(3-Thiomorpholinopropyl)isoindoline-1.3-dione.

5 N,N-Diisopropylethylamine (39 mL) was added to a toluene

(800 mL) solution of N-(3-bromopropyl)phthalimide (39.0 g, 0.15 mol)
and thiomorpholine (30 mL) at room temperature, and the mixture was
heated under refluxing for 8 hours. Ethyl acetate (500 mL) was added to
the residue obtained by distilling off the solvent under a reduced pressure,

10 and the mixture was washed with water. An organic layer was dried over
anhydrous sodium sulfate. Thereafter, the residue obtained by distilling
off the solvents under a reduced pressure was purified with silica gel
column chromatography (chloroform), to give the captioned compound
(37.3 g, 88%) as an oily product. 'H-NMR (DMSO-dg) 8: 1.70-1.78 (m,

15 2H), 2.32-2.39 (m, 6H), 2.49-2.51 (m, 4H), 3.61 (t, /=6.8 Hz, 2H), 7.83-
7.88 (m, 4H).

[0125] Example 99
Production of 2-[3-(1-Oxo-1,4-thiazinan-4-yDpropyl]isoindoline-1,3-

dione.
20 A methylene chloride (140 mL) solution of mCPBA (9.8 g,

57 mmol) was added dropwise to a methylene chloride (220 mL) solution

of the compound obtained in Example 98 (15.0 g, 52 mmol), under ice-

cooling over 30 minutes, and the mixture was then stirred at room

temperature for 20 hours. The reaction mixture was sequentially washed

25 with a saturated aqueous sodium hydrogensulfite solution, a saturated
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[0127]

67

sodium hydrogencarbonate solution, and a saturated sodium chloride
solution, and an organic layer was then dried over anhydrous sodium
sulfate, The residue obtained by distilling off the solvents under a reduced
pressure was purified with silica gel column chromatography
{(chloroform : methanol = 50:1), to give the captioned compound (5.9 g,
37%) as a solid. Mp 95-96°C. "TH-NMR (DMSO-d;) 8: 1.70-1.80 (m, 2H),
2.38-2.48 (m, 2H), 2.50-2.64 (m, 6H), 2.77-3.33 (m, 2H), 3.64 (t, J=6.8
Hz, 2H), 7.83-7.88 (i, 4H).

Example 100

Production of 3-(Oxo-1.4-thiazinan-4-vi)propan- l-amine.

Hydrazine monohydrate (1.9 mL, 38 mmol) was added to an ethanol
(180 mL) solution of the compound obtained in Example 99 (5.8 g,
19 mmol) at room temperature, and the mixture was heated under
refluxing for 5 hours. The reaction mixture was cooled to room
temperature, and the precipitated solid was filtered away. Thereafter,
methylene chloride (50 mlL) was added to the residue obtained by
distilling off the solvent of the filtrate under a reduced pressure, and
insoluble substances were filtered away. Methylene chloride (30 mL) was
added to the residue obtained by distilling off the solvents of the filtrate
under a reduced pressure, and insoluble substances were again filtered
away. The solvents of the filtrate were distilled off under a reduced
pressure, to give the captioned compound (3.3 g, 98%) as an oily product.
'H-NMR (DMSO-dg) 8: 1.53-1.55 (m, 2H), 2.37-2.50 (m, 2H), 2.57-2.61
(m, 4H), 2.68-2.72 (m, 2H), 2.78-2.85 {m, 4H).

Example 101
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Production of (E)-3-(2-Fluorophenyl)-N-[3-(1-0x0-1.4-thiazinan-4-

yDpropyl]-2-propenamide.
WSC-HCI (3.9 g, 20 mmol) was added to a methylene chloride

(100 mL) suspension of 2-fluorocinnamic acid (2.8 g, 17 mmol}) and the
compound obtained in Examnple 100 (3.3 g, 19 mmol), under ice-cooling,
and the mixture was stirred at room temperature for 16 hours. 'the
reaction mixture was washed with water and a saturated sodium chloride
solution, and an organic layer was then dried over anhydrous sodium
sulfate. The residuc obtained by distilling off the solvents under a reduced
pressure was purified with silica gel column chromatography (chloroform),
to give the captioned compound (3.5 g, 63%) as an oily product. 'H-NMR
(DMSO-d) 8: 1.62-1.64 (m, 2H), 2.38-2.41 (m, 2H), 2.41-2.64 (m, 4H),
2.71-2.87 (m, 4H), 3.19-3.22 (m, 2H), 6.72 (d, J=16.0 Iz, 1H), 7.25-7.03
(m, 2H), 7.42-7.47 (m, 2H), 7.64-7.67 (m, 1H), 8.22 (t, /=5.5 Hz, 1H).
Example 102

-3-(4-Flugropheny!)-N-[3-(1-0x0-1.4-thiazinan-4-

yhpropyl]-2-propenamide (Compound 67).

The same procedures as in Example 101 were carried out {from 4-
fluorocinnamic acid (1.1 g, 6.5 mmol), the compound obtained in
Example 100 (1.3 g, 7.2 mmol), WSC-HCI (1.5 g, 7.8 mmol), and
methylene chloride (40 mL), to give the captioned compound (0.8 g, 38%)
as a solid.

Example 103

Production of (E)-3-(2-FluorophenvD)-N-[3-(1-0x0-1.4-thiazinan-4-

yl)propyll-2-propenamide hydrochloride {Compound 68).
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A 4 mol/L hydrogen chloride-dioxane solution (5.3 mL, cquivalent
to HC1 21 mmol) was added dropwise to a methylene chloride (80 mL)
solution of the compound obtained in Example 101 (3.4 g, 11 mmmol) at
room temperature over 3 minutes, and the mixture was stirred in that state
for 1 hour. The precipitated solid was collected by filtration, and washed
with diethyl ether, to give the captioned compound (3.6 g, 96%).
{0130] Example 104

Production of terf-Butyl N-[(3-bromophenymethyl]carbamate.

A methylene chloride (40 mL) solution of Boc,0(21.2 g, 97 mmol)
was added dropwisc to a methylene chloride (160 mL) solution of 3-
bromobenzylamine (15.0 g, 81 mmol) and triethylamine (23 mL,
162 mmol) over 20 minutes, under ice-cooling, and the mixture was
stirred at room temperature for 5 hours. The reaction mixture was washed
with water, and an organic layer was then dried over anhydrous sodium
sulfate. n-Hexane was added to the residue obtained by distilling ott the
solvent under a reduced pressure, and the precipitated solid was collected
by filtration, to give the captioned compound (19.8 g, 92%). Mp 41-42°C,
'H-NMR (DMSO-ds) 8: 1.39 (s, 9H), 4.12 (d, J=6.1 Hz, 2H), 7.23-7.28 (m,
2H), 7.40-7.42 (m, 3H).

[0131] Example 105

Production of fert-Butyl N-[(3-thiomorpholinophenyl)methyljcarbamate.

Thiomorpholine (9.9 mL, 105 mmol), palladium acetate (0.8 g,
3.5 mmol), 2~(di-terz-butylphosphino)biphenyl (2.1 g, 7.0 mmol), and
sodium fert-butoxide (3.7 g, 38 mmol) were added to a toluene (70 mL)

solution of the compound obtained in Example 104 (10.0 g, 35 mmol), in
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an argon aimosphere at room temperature, and the mixture was stirred at
80°C for 5 hours. The reaction mixture was cooled to room temperature,
and the precipitated solid was filtered away. The residue obtained by
distilling off the solvent of the filtrate under a reduced pressure was
purified with silica gel column chromatography (#-hexane : ethyl
acetate = 5:1), to give the captioned compound (3.1 g, 28%) as a solid.
Mp 62-63°C. "H-NMR (DMSO-dg) &: 1.39 (s, 9H), 2.64-2.66 (m, 4H),
3.48-3.50 (m, 4H), 4.06 (d, /=6.1 Hz, 2H), 6.64 (d, J=7.4 Hz, 1H), 6.77-
6.79 (m, 2H), 7.12-7.16 (m, 1H), 7.30 (t, /=5.9 Hz, 1H).

Exampie 106
Production of (3-Thiomorpholinoghenyl)methanamine dihydrochloride.

A 4 mol/L hydrogen chloride-dioxane solution (12 mL, equivalent to
HCI 48 mmol) was added dropwise to a methylene chloride (60 mL)
solution of the compound obtained in Example 105 (1.5 g, 4.9 mmol) over
5 minutes at room temperature, and the mixturc was mixed in that state for
1 hour. Diethyl ether was added to the residue obtained by distilling off
the solvent under a reduced pressure, and the precipitated solid was
collected by filtration, to give the captioned compound (1.3 g, 98%). Mp
242-243°C. MS (EI): m/z 208 [M]" (free form). 'H-NMR (DMSO-d;) 3:
2.90-3.10 (m, 4ID), 3.67-3.69 (m, 4H), 3.99 (t, J=5.6 Ilz, 2H), 7.26-7.28
(m, 1H), 7.41-7.47 (m, 2H), 7.67-7.69 (m, 1H), 8.67 (s, 4H).

Example 107
Production of (E)-3-(2-Fluorophkeny)-N-[(3-

thiomorpholinophenylmethyl]-2-propenamide (Compound 69).

The same procedures as in Example 101 were carried out from the
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compound obtained in Example 106 (1.3 g, 4.6 mmol), 2-fluorocinnamic

acid (0.77 g, 4.6 minol), WSC-HCI (1.0 g, 5.1 mmol), and methylene

chloride (40 mL), to give the captioned compound (1.0 g, 61%) as a solid.
Example 108

Production of fert-Butyl N-{[3-(1-ox0-1.4-thiazinan-4~-

vl)phenyl|methvi}carbamate,

The same procedures as in Example 99 were carried out from the
compound obtained in Example 105 (1.2 g, 3.7 mmol), mCPBA (1.0 g,
4.1 mmol), and methylene chloride (20 mL), to give the captioned
compound (0.9 g, 71%) as a solid. Mp 94-95°C. MS (EL): n/z 324 [M]".
'TI-NMR (DMSO-dg) §: 1.39 (s, 9H), 2.66-2.69 (m, 211), 2.88-2.94 (m,

2H), 3.54-3.58 (m, 2H), 3.73-3.78 (m, 2H), 4.08 (d, J=6.1 Hz, 2H), 6.67 (d,

J~7.4 Hz, 1H), 6.86-6.88 (m, 211), 7.16-7.19 (ra, 1H), 7.32 (t, J=5.9 Hz,
1H).
Example 109

Production of [3-(1-Oxo-1.4-thiazinan-4-v)phenvl)methanamine

dihydrochloride.

The same procedures as those in Compound 68 were carried out
from the compound obtained in Example 108 (0.9 g, 2.6 mmol), a 4 mol/L
hydrogen chloride-dioxane solution (6.5 mL, equivalent to HCIL 26 mmol),
and methylene chloride (30 mL), to give the captioned compound (0.75 g,
96%) as a solid. Mp 213-214°C. MS (EI): m/z 224 [M]*(free form). 'H-
NMR (DMSO-dg) 8: 2.73-7.76 (m, 2H), 2.97-3.02 (m, 2H), 3.64-3.67 (m,

2H), 3.83-3.88 (m, 2H), 3.94-4.00 (m, 211), 6.97 (d, J=7.4 Hz, 1H), 7.11 (d,

J=7.8 Hz, 1H), 7.28-7.34 (m, 2H), 8.56 (s, 4H).
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[0136] Example 110
Production of (£)-3-{2-FluorophenvD)-N-{[3-{oxo- lv 4-thiazinan-4-

yDphenvlimethyl}-2-propenamide (Compound 70).

The same procedures as in Example 101 were carried out from the
compound obtained in Example 109 (0.74 g, 2.5 mmol), 2-fluorocirnarmic
acid (0.41 g, 2.5 mmol), WSC-HCI (0.53 g, 2.7 mmol), and methylenc
chloride (20 mL), 1o give the captioned compound (0.38 g, 41%) as a solid.

|0137] Example 111

Production of (E)-3-(2-Fluorophenvl)-2-methyl-N-[3-(1-0x0-1.4-

thiazinan-4-yDpropvl]-2-nropenamide.

The same procedures as in Example 101 were carried out from the
compound obtained in Example 100 (2.8 g, 16 mmol), (£)-3(-2-
fluorophenyl)-2-methyl-2-propenoic acid (2.6 g, 14 mmol), WSC+HCI
(3.3 g, 17 mmol), and methylene chloride (100 mL), to give the captioned
compound (3.7 g, 75%) as an oily product. 'H-NMR (DMSO-dj) 3: 1.64-
1.67 (m, 2H), 1.93 (s, 3H), 2.39-2.41 (m, 2H), 2.62-2.65 (m, 2H), 2.71-
2.74 (m, 2H), 2.82-2.86 (m, 4H), 3.18-3.22 (m, 2H), 7.18 (s, 3I1), 7.23-
7.27 (m, 2H), 7.39-7.44 (m, 2H), 8.08 (t, /=5.5 Hz, 1H).

[0138] Example 112
Production of (£)-3-(2-Fluorophenyl)-2-methvI-N-[3~(1~0x0-1.4-

thiazinan-4-yl)propyl]-2-propenamide hydrochloride (Compound 71).

The same procedures as in Example 106 were carried out from the
compound obtained in Example 111 (3.7 g, 11 mmol), a 4 mol/L, hydrogen
chloride-dioxane solution (8.0 mL, equivalent to HC1 32 mmol), and

methylene chloride (80 mL), to give the captioned compound (3.1 g, 76%)
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as a solid.
[0139] The data of the properties for the compounds of the present

invention produced and obtained as above are shown in Tables 1 to 8.
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[Table 1]

Compound
No.

Structural Formula

Properties

TH-NMR (DMSO-dy) 5: 2.90 (t, J=7.4 Hz, 2H),
3.48-3.52 (m, 211 6 75 gd 5.9 Hz, 1}1),
6.99-7.00 {m, 1 9 (m, 1H), 7

J=1.4 Hz, 1H), 7 26-7 30 (m, 240), 7. 34-7 3 (m,
1H), 7.41-7.43 (m, 110), 7.51-7.58 (m, 2H), 8.35
(s, 1H), 8.36 (t, J=5.5 Hz, 1H), 10.83 (s, 1H)

Mp. 115-116°C. "H-NMR (DMSO0-d;) &: 4.43
(d, J=5.9 Hz, 2H), 6.78 (d, J=16.0 Hz, 1H),
7.35-7.31 (m, 2H), 7.36-7.38 gm, IH), 7.43-7.45
(m, 1H), 7.53 (d, J=16.0 Hz, 18, 7.66-7.71 (m,
2H), 8.47-8.48 (m, 1H), 8.53 (d, /=1.6 Hz, 1H),
8.81 (t, /=5.9 Hz, 1H)

Mp. 95-96°C. "H-NMR (DVISO-dy) §: 2.82 (1,
J=7.0 Hz, 26]), 3.47-3.51 (m, 2H), 6.72 (d,.
J=16.0 Hz, 11), 7.24-7.29 (m, 4¥), 7.41-7.45
(m, 180), 7.50 (d, J=16.0 Hz, 1H), 7.63-7.66 (m
1H), 8.34-8.36 (m, 1H), 8.48 (d, J=4.9 Hz, 2

Mp. 84-85°C, TH-NMR (DMSO-d;) 6: 1.34-1.42
(m, 2H), 1.49-1.51 (m, 4H), 2.35-2.38 (m, 6H),
3.28-3.31 (m, 2K), 6.7 (d, J=15.9 Hz, 1K),
7.25-7.31 (m, 2H), 7.42-7.44 (m, 1H), 7.49 (d,
J=15.9 Hz, 1H), 7.65-7.68 (m, 1H), 8.12-8.14
(m, 1H)

Mf. 112-113°C, "H-NMR (DMSO-d;) 5: 2.40-
2 (m, 6H), 3.30-3.35 (m, 2H), 3.57-3.59 (m,
4H), 6.77 (d, J=16.0 Hz, 1H), 7.25-7.30 (m, 2H),
7.41-7.46 (m, 1), 7.50 (d, /=16.0 Hz, 1H),
7.65-7.68 (m, 1), 8.18 t, J=5.5 Hz, 115

M&). T13-114°C. TL.NMR (DMSO-d;) 3: 1.05-
1.07 (m, 150, 1.14-1.20 (m, 4H), 1.54-1.56 (m,"
1H), 1.71-1.75 (m, 4H), 2.16-2.18 (m, 1), 2.36-
2.39 (m, 6H), 2.48-2.50 (m, 4H), 3.27-3.30 (m,
2H), 6.76 (d, /=159 Hz, 181), 7.24-7.30 (m, 210),
741749 (m, 28D, 7.64-7.67 (m, 15D, 8.14
J=5.5 ¥z, 1H)

Mp. 84-85°C. "H-NMR (DMSO-dg) : 1.04-1.19
(m, 5H), 1.54-1.61 (m, 3H), 1.70-1.74 (m, 4H),
2.142.16 (m, 1H), 2.26-2.29 (m, 6H), 2.47-2.51
(in, 410, 3.18-3.21 (m, 2H), 6.71 (d, J=15.9 Hz,

1H), 7.24-7.29 (m, 2H), 7.41-7.49 (r, 2H), 7.63-
7.66 (m, 1H), 8.24 (t, J=5.5 Hz, 1H)

Mp. 93-94°C. 'H-NMR MSO-d) 5: 2. 72 (,
J=7.5Hz,2 337-3415 1%) 352 }?
5,81 ga J=3.6 Hz, 1H), 5.86-5.88 (m, 1H), 6.61-
6.62 (m, m), 6.73 (d, J=15.9 Hz, 1H), 7.25-7.30
(m, 2H), 7.42-7.44 gm, 1H), 7.50 (4, J=15.9 Hz,
1H), 7.64-7.67 (m, 1H), 8.36 (t, J=5.6 Hz, 1H)

Mp. 86-87 °C. '"H-NMR (DMSO-d,) 5: 2.94 (t,
J=7.3 Hz, 2H), 3.54-3.58 (m, 2H), 6.71 (d,
J=16.0 Hz, 11), 7.22-7.30 (m, 41), 7.41-7.44
(m, 1H), 7.48 (d, J=16.0 Hz, 1H), 7.63-7.66 (m,
1K), 7.70-7.73 (m, 1H), 8,51 (d, J=4.7 Hz, 1)

[0141]




[Table 2]

Compound
No.

Structural Formula

Properties

10

Mp. 116-117 °C, 'TH-NMR (DMSO-4;) b: 2.82
(t, J=7.1 Hz, 2H), 3.45-3.49 (m, 2H), 6.72 (d,
J=15.9 Hz, 1H), 7.26-7.35 (m, 3H), 7. 4 -7.46
(m, 16, 7.49 (d, J=15.9 Hz, 117), 7.65-7.68 (m,
210), 8.35 (s, 110), 8.43-8.47 (m, 2H)

11

Mé) 153- 1:4°c TH-NMR (DMSO-dy) 5: 1.59-
5 (m, ZH), 2.29-2.34 (m, 6F1), 3.19-3.23 (m,
2H), 3 ok m, 4H), 6.72 (d, J/=15.9 Hz,
1K), 7.25-7.30 {m, 2H), 7.41-7.45 (m, 1H), 7.49
(d, =15.9 Hz, 1H), 7.64-7.67 (m, 110, 8.24 t,
J=5.4 Hz, 1H)

12

V[g) 99-100°C. "H-NMR (DMSO-d,) 5: 1,56-

1 (m, 2H), 2.12 (s, 6H), 2.22 (t, J=7.2 He,
21), 3.17-3. 21 ?11. zng 6.72 (d, J=16.0 Hz,
1H), 7.25-7.30 (m, 21), 7.41-7.44 (n, 1H), 7.48
(d, J<16.0 Hz, 1H), 7.64-7.67 (m, 1H), 8.23 (t,
J=5.5 Hz, 1H)

13

Mgr 107-108°C. "H-NMR DMS0-dg) 5: T45-
2 (m, 2H), 1,68-1.70 (m, 2H), 2.71 (s, 380,
2.72 (s, 3H), 3.02-3.06 (m, 2H), 3.19-3.23 (m,
2H), 6.79 (d, /~15.9 Hz, 1H), 7.25-7.30 (m,
2H), 7.42-7.44 (m, 111, 7.50 (d, /=15.9 Hz,
1H), 7.64-7.67 (m, 1H), 8.40-8.50 (m, 1K)

14

Mp. 177-178°C. "H-NMR (DMSO-dy) 5: 1.50-
1.54 (m, 2H), 1.56-1,60 (m, 2H), 2.78-2.81 (m,
2H), 3.16-3.21 (m, 2H), 6,77 (d, J=15.9 Hz,
1H), 7.25-7.31 {m, 2H), 7.43-7.51 §m, 21),
7.64-7.67 (m, 1H), 8.41 (t, J=5.6 Hz, 1H)

15

Mp. 133-138°C. "H-NMR (DMSO-dy) 6: 1.91-
1.97 (m, 2H), 2.82 (s, 3H), 3,18-3:29 (m, 4,
3.41-3.78 Em, 811; 6.75 (d, J=16.2 Bz, 1H),
7.25-7.30 (m, 2H), 7.42-7.45 (m, 111), 7.51 (d
J=16.2 1z, 111, 7.64-7.68 (m, 151}, 8.47-8.

(br, 1H)

16

Mp, 212-213°C. "H-NMR (DMSO-4,) 5: 3.31-
3.33 (m, 3H), 3.45-3.50 (m, 4K, 3.61-3.64 (m,
3Hg 3.70-3.78 gm, 2H), 6.74 (d, J=15.9 Hz,

14), 7.26-7.29 {m, 211), 7.43-7.46 (m, 1H), 7.54
(d, J=15.9 Hz, 1H), 7.66-7.69 (m, 1H), 8.71 (t,
J=5.2 Hz, 1H), 9.80 (5, 21D)

17

MJ) 143-144°C. "H-NMR (DMSO-d,) &: 1.91-
7 (m, 2H), 3.17-3.21 (m, 2H), 3.26-3.28 (m,
4}, 3.29-3, 51 Sm, 4H), 3.67-3.69 (m, 2H), 6.76
(d, J=15.9 Hz, 1H), 7.25-7.30 (m, 2H), 7.42-
7.45 (m, 1H), 7.51 (d, J~15.9 Hz, 1H), 7.65-
7.68 (m, 1H), 8.51 (t, J=5.7 Bz, 1H), 9.78-9.85
(br, ZH)

18

Mp. 152-153°C, I-NMR (DMSO-;) 5: 2.70
(t, J/=7.4 Hz, 2H), 3.38-3.45 (m, 2H), 6.74 (d,
J=15.9 Iz, 1H), 6.83 Ss’ 18), 7.25-7.30 (m,
2H), 7.41-7.45 (m, 1H), 7.50 (d, J=15.9 Hz,
1H), 7.55 (s, 1H), 7.64-7.67 (mn, 1H), 8.32 (t,
J=47 Hz, 111)

[0142]
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Compound
No.

Structural Formula

Properties

19

Mp. 128-129 °C. 'H-NMR (DMSO-dy) 8: 2.65 (t,
J~7.8 Yz, 2H), 3.31-3.35 (m, 2H), 5.06 (s, 2H), 6.48
(t, J=7.5 Hz, 1H), 6.64 (d, J=7.7 Hz, 1H), 6.76 (d,
J=15.9 Hz, 1H), 6.91-6.94 (i, 2H), 7.25-7.30 (m,
211), 7.42-7.44 (m, 111), 7.54 (4, J=15.9 Hz, 1H),
7.65-7.68 (m, 1H), 8.42 (t, J=5.6 Hz, 1H)

20

Mp. 88-89 °C. 'H-NMR (DMSO-d,) 5: 1.90-1.92 (m,
24), 1.96-1.97 (=, 2H), 2.20 (s, 3H), 2.30-2.33 (m,
4H), 3.55-5.57 (m, 211, 3.67-3.69 (m, 2H), 7.02 (d,
J=15.9 Hz, 1H), 7.24-7.30 (m, 2H), 7.43-7.46 (mn,
1H), 7.57-7.62 (m, 2H), 7.95 (1, J=6.4 Hz, 1H)

21

"H-NMR (DMSO-ds) 8: 3.50-3.53 (i, 2H), 4.10 (t,
J=5.8 Hz, 2H), 6.7 (d, J=15.9 Hz, 1H), 6.89 (s, 1J%),
7.18 (s, 1H), 7.25-7.30 (m, 2H), 7.42-7.44 (m, 1Y), ~ -
7,50 (d, J-15.9 Hz, 1H), 7.60 (s, 1H), 7.64-7.67 (i,
1H), 8.39-8.40 (m, 1H)

22

Mp. 143-145 °C. "H-NMR (DMSO-dg) 3: 3.61 (t,
J=6.0 Hz, ZH), 4.39 (t, J=6.0 Hz, 2H), 6.65 (d,
J=15.9 Hz, 1H), 7.18-7.29 (m, 4H), 7.42-7.50 (m,"
2H), 7.62-7.65 (m, 3H), 8.39 (s, 1H)

23

Mp.113-115°C. "H-NMR (DMSO-dq) 5: 3.51 (t,
J=6.0 Hz, 2H), 4.10 (, J=6.0 Iz, 2H), 6.66 (d,
J~15.9 Hz, 1H), 6.88 (s, 1H), 7.16 (¢, J=6.8 Hz, 2H),
7.32-7.46 (m, 2ZH), 7.59 (s, 1H), 7.70-7.75 (m, 1H)

24

Mp. 118-120°C. "H-NMR (DMSO-d;) 8: 3.52 (t,
J=5.9 Hz, 2H), 4.10 (t, J=5.9 Hz, 2H), 6.74 (d,
J=16.0 Hz, 1H), 6.89 (s, 1H), 7.17 (s, 1H), 7.28-7.36
(m, 3H), 7.44 (d, J=16.0 Bz, 1H), 7.53 (s, 1H), 7.59
(s, 1H)

Mp. 80-81°C. 'H-NMR (DMSO-d;) 6: 1.61-1.63 (m,
2H), 2.29-2.34 (m, 64, 3.19-3.23 (in, 2H), 3.56-3.58
(m, 411}, 6.66 (d, J=15.8 ¥z, 1H1), 7.19-7.22 (m, 1H),
7.40-7.49 (m, 4H), 8.12 (¢, J=5.4 Hz, 1H)

26

Mp. 88-89°C. "TH-NMR (DMSO-d;) 5: 1.59-1.64 (m,
2H), 2.29-2.34 (m, 6H), 3.19-3.21 (m, Z2H), 3.56-3.58
(m, 4H), 6.56 (1, J=15.8 Hz, 1H), 7.23-7.27 (m, 2H),
7.41 (d, J=15.8 Hz, 1H), 7.61-7.63 (m, 2H), 8.10 (s,
1H). Anal, Caled for CigH; FN;0,: C, 65.73; H,
7.24; N, 9.58. Found: C, 65.80: 4, 7.20; N, 9.70

27

Mp.97-99°C. 'H-NMR (DMSO-dg) 8: 1.58-1.65 (m,
2H), 2.27-2.37 (m, 6H), 3.19-3.32 (m, 2H), 3.57 (1,
J=4.6 Hz, 4H), 6.76 (d, J=16.0 Hz, 1H), 7.24-7.29
(m, 1H), 7.42-7.50 (m, 3H)

[0143]
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Compound
No.

Structural Formula

Properties

28

. 94-95°C. "H-NMR (DMSO-d;) 5: 1.60-1.65 (m,
2H), 2.29-2.34 (m, 6H), 3.19-3.23 (m, 2H), 3.36-3.58
(m, 4X), 6.68 (d, J=16.0 Hz, 18), 7.15-7.18 (m, 1H),
7.32-7.36 (m, 1H), 7.43 (d, /=16.0 Hz, 1H), 7.70-
7.74 (m, 1H), 8.20 (f, J/=4.8 Hz, 1H)

Mp

29

Mp. 71-72°C. "H-NMR (DMSO-d;) 6: 1.60-1.65 (m,
2H), 2.29-2.34 (m, 6§), 3.20-3.24 (m, 2H), 3.56-3.58
(m, 4H), 6.76 (d, J=15.9 Hz, 1H), 7.27-7.36 (m, 2H),
ng (d, J=15.9 Hz, 1H}, 7.51-7.53 (m, 1H), 8.24 (s,

30

Mp. 75-76°C. "H-NMR (DMSO-d;) 5: 1.61-1.64 (m,
2}5, 2.29-2,34 (m, 6H), 3.20-3.24 (m, 2H), 3.56-3.58
(m, 4H), 6.86 (3, J=16.1 Hz, 1H), 7.18-7.22 (m, 2H),
7.43.7.49 (m, 2H), 8.36 (s, LH)

31

Mp. 127-128°C. "H-NMR (DMSO-dg) 5: 1.60-1.64
(m, 2H), 2.28-2.34 (m, 6H), 3.18-3.22 (m, 2H), 3.56-
3.58 (m, 4H), 6.37 (d, J=15.8 Hz, 1H), 7.37-7.49 (m,
3H), 7.65-7.69 (m, 1H), 8.11 (t, J=5.3 Hz, 1H)

32

Mp. 102-103°C. "H-NMR (DMSO-ds) 5: 1.62-1.65
(m, 2H), 2.30-2.35 (m, 6H), 3.21-3.25 (m, 2H), 3.56-
3.59 (m, 4H), 6.86 (d, J=16.0 Hz, 1H), 7.51 (d,
J=16.0 Hz, 1H), 7.65 (d, J=8.1 Hz, 1H), 7.77 (d,
J=10.8 Hz, 1H), 7.88-7.91 (m, 1H), 8.35 (t, J=5.5
Hz, 1H)

33

Mp. 223-224°C. '"H-NMR (DMSO-d;) 8; 3.04-3.07
(m, 4K, 3.73-3.74 (m, 480, 6.74 (d, J=15.7 Hz, 1H),
6.92 (d, J=9.0 Hz, 2H), 7.27-7.30 (m, 2H), 7.53-7.58
(m, 3H), 7.66-7.69 (m, 2H), 10.01 (s, 1H)

34

"H-NMR (DMSO-d;) 8: 2.92-2.94 (m, 2H), 3.43-
3.45 (m, 2H), 6.75 (d, J=16.0 Hz, 1H), 7.24-7.32 (m,
2H), 7.42-7.48 (m, 1H), 7.53 (d, J=16.0 Hz, 1),
7.67 (t, J=1.7 Hz, 1H)

35

Mp. 83-84°C. 'H-NMR (CDCl;) 5: 1.78-1.81 (m,
4H), 2.52-2.54 (m, 4H), 2.66 (t, J=6.0 Hz, 2H), 3.48-
3.52 (m, 2H), 6.32 (s, 1H), 6.57 (d, J=15.8 Hz, 1Y),
7.06-7.15 Em, 2H), 7.29-7.31 (m, 1H), 7.47-7.49 (m,
1H), 7.69 (d, J=15.8 Hz, 1H)

36

Mp. 80-81°C. "H-NMR (DMSO-dg) 6: 1.62-1.65 (m,
8}5, 2.65-2.68 (m, 6H), 3,41-3.45 (m, 2H), 6.41 (s,
1H), 6.56 ?.[, J=15.8 Hz, 1H), 7.06-7.15 (m, 2H),
7.29-7.32 (m, 1H), 7.49-7.53 (m, 1H), 7.69 (d,

~15.8 Hz, 1H)

37

Mp. 123-124°C. "B-NMR (DMSO-d,) : 2.72 (1,
J=1.4 Hz, 2H), 3.37-3.41 (m, 2H), 3.72 (s, 3H), 6.73
(d, J=15.9 Hz, 1H), 6.87 (d, J=8.5 Hz, 2H), 7.15 (d,
J=8.5 Hz, 2H), 7.24-7.29 (m, 2H), 7.42-7.44 (m,
1H), 7.50 (d, J=15.9 Hz, 1H), 7.64-7.66 (m, 1H),
8.27 (s, 1H)
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PRe R

Mp. 124-126°C. '"H-NMR (DMSOQ-d;) §: 3.57-3.59
(m, 2H), 4.24 (1, ./=6.3 Hz, 2F), 6.23 (5, 1H), 6.70
(d, J=16.1 Hz, 1H), 7.24-7.29 (m, 2H), 7.42-7.51
(m, 38), 7.63-7.66 (m, 1H), 7.70 (s, 1H)

39

"H-NMR (DMSO-dg) 5: 3.61 (t, J=6.0 Hz, 28, 4.34°
(t, J=6.0 Hz, 2H), 6.69 (d, J=15.9 Hz, 1H), 7.24-
7.30 (m, 2H), 7.43-7.50 (m, 2H), 7.65 (t, J=8.9 Hz,
1H), 8.17 (s, 1H), 8.75 (s, 1)

40

Mp.110-112°C. 'H-NMR (DMSO-7y) 5: 3.64 (1,
J=6.0 Hz, 2H), 4.52 (¢, J=6.0 Hz, 2H), 6.68 (d,
J=16.0 Hz, 111), 7.24-7.30 (m, 2H), 7.44-7.51 (m,
2H), 7.64-7.80 (m, 2H), 8.13 (s, 1H)

41

Mp. 96-98°C. "H-NMR (DMSO-d;) 8: 3.55 (t,
J=6.1 Hz, 2H), 4.31 (t, J=6.1 Hz, 2H), 6.43 (5, 1H),
6.67 (d, J=16.0 Hz, 111), 7.01-7.14 (m, 2F), 7.24-
7.34 (m, 3H), 7.42-7.64 (m, 5H)

42

Mp. 127-129°C. '"H-NMR (DMSO-d;) 5: 2.25 (s,
3H), 3.44-3.46 (m, 2H), 4.00 (t, J=6.1 Hz, 2H),
6.69-6.72 (m, 2H), 7.03 (s, 1H), 7.24-7.30 (m, 2H),
7.43-7.65 (m, 3H)

43

IH-NMR (DMSO-dy) 5: 1.36 (d, J=6.9 Hz, 6H),
3.35.3.50 (m, 101), 3.60-3.70 (m, 21}, 4.31-4.33 (m,
2H), 6.77 (d, J=16.0 Tz, 1H), 7.26-7.30 (n, 2H),
7.47-1.51 (u, 2H), 7.61-7.70 (m, 3H), 8.84 (s, 1H)

44

Mp. 163-164°C. "H-NMR (DMSO-d;) &: 3.49-3.53
(i, 2H), 4.17 (t, J=6.4 iz, 2H), 6.65 (d, J=16.0 Hz,
1H), 7.03 (s, 1H), 7.25-7.30 (m, 2H), 7.33 (s, 1H),
7.40-7.48 (m, 5H), 7.61-7.66 (m, 3H), 8.40 (t, J=5.6
Hz, 1H)

45

'H-NMR (DMSO-dy) 6: 1.89-1.91 (m, 2H), 3.13-
3.18 (m, 2H), 4.00 (t, J=6.9 Hz, 2H), 6.72 (d, J=16.0
Hz, [H), 6.89 (s, 1H), 7.20 (s, LH), 7.25-7.30 (m,
2H), 7.43-7.44 (m, 1H), 7.50 (d, J=16.0 Hz, 1H),
7.64-7.66 (m, 2H)

46

m

Mp. 78-79°C. "H-NMR (DMSO-dg) 8: 1.62-1.65

(m, 2H), 1.99 (s, 3H), 2.30-2.35 (m, 6H), 3.19-3.20
(m, 2H), 3.55-3.58 (i, 4H), 7.18 (s, 1H), 7.23-7.26
(m, 211), 7.43-7.45 (i, 2H0), 8.07 (t, J=5.2 Hz, 1H)

47

"H-NMR (DMS0-d;) 8: 3.50-3.54 (m, 2H), 4.12 (t,
J=6.0 Hz, 2H), 6.51 (d, /=15.8 Bz, 1H), 6.94 (s,
1), 7.21 (s, 110), 7.45-7.48 (m, 1H), 7.57-7.60 (m,
1H), 7.64-7.69 (m, 28), 7.85 (d, J=7.8 Hz, 1H), 8.14
(d, /=15.8 Hz, 1H), 8.31 (t, J=5.1 Hz, 1H)
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[Table 6]
Con;})oound Structural Formula Properties
F 0 =) TH-NMR (DMSO-ds) 8: 0.85 (t, J=7.3 Hz, 3H),
oA~ NN 1.30-1.38 (m, 2H), 1.67-1.78 (m, 2H), 2.96 (t,
48 N HCI | /=7.8 Hz, 2H), 3.60-3.68 (m, 2H), 4.30-4.38 (m,
H 2H), 6.77 (d, J=16.0 Hz, 1H), 7.36-7.30 (m, 2H),
7.40-7.51 (m, 2H), 7.59 (s, 1), 7.60-7.70 (m,
Me | 1H),7.73 (s, 1H), 8.84 (s, 1H)
0 Ho A\, | Mp.195-197°C. "H-NMR (DMSO-dy) 8: 3.50-
49 HooC oA AN | 3,54 (m, 2H), 4.10-4.14 (m, 2H), 6.80 (d, J=16.0
i Hz, 1H), 6.88 (s, 1H), 7.20 (s, 1H), 7.46 (d, J=16.0
Hz, 1H), 7.63-7.66 (m, 3H), 7.94-7.96 (1, 2H)
Q  HCl P\ w?.237~23scc. 'H-NMR (DMSO-d) 5: 3.62-
50 NN | 3.68 (m, 2H), 4.33-4.40 (m, 2H), 6.80 (d, J=16.0
N Hz, 1H), 7.46 (d, J=16.0 Hz, 1H), 7.66-7.68 (m,
HOOC 3H), 7.83 (s, 18D, 7.94-7.96 (m, 2K), 9.26 (s, 1H)
T\
F 0 N Nﬁ».nﬁ-usw. 'H-NMR. (DMSO-d) : 6.65 (m,
51 ~ H 1H), 6.98 (d, /=16.0 Hz, 11, 7.31-7.80 (m, 9H),
@/\)Lu 8.17 (s, 1H)
I i i "H-NMR 6.66 6
-NMR (DMSO-d,) 5: 6.66 (m, 1H), 6.98 (d
52 Wﬁ {n | =160 Hz(,IH), 730750 (m,( [3: 0} 215 G, gﬁ)
-
i A\
O'N Mp.204-206°C. "H-NMR (DMSO-d) 5: 6.94-
53 F 9 6.99 (m, 21), 7,30-7.34 (m, 240, 7.48-7.50 (m,
X 1H), 7.66 (s, 1H), 7.70-7.44 (m, 2H), 7.88 (s, 4H),
N 8.63 (s, 1H)
H
i It Mp.185-187°C. 'H-NMR (DMSO-d;) 5: 6.95-
54 NN o, 7.00 (m, 2H), 7.30-7.34 (m, 2H), 7.53-7.61 (m,
H | N | 20, 7.67-7.80 (m, 4H), 8.29 (s, 1H), 8.68 (5, 1H)
F 0 Q 'H-NMR (DMSQ-d;) 8: 7.00 (d, /=16.0 Hz, 1
55 T ,@\f“ 7.16-7.18 (m, 1FD), 7.29-7.36 (m. 2H), 7.45-7.5}10’
N grﬁ,)lﬂ), 7.64-7.76 (m, 3H), 7.99 (s, 1H), 8.33 (s,
H
E o 7 'H-NMR (DMSO-d;) 5: 6.98 (d, J=16.0 Hz, 1H),
56 N 7.29-7.35 (mn, 2H), 7.44-7.53 (m, 2H), 7.62-7.75
N (m, 2H), 8.05 (s, 1H), 8.29 (s, 1H)
MJ;. 197-198°C, 1H-NMR (DMSO-d6) 5: 1.97-
CF3 O HCI % .H)9 gngszgxzt, 3i04-3i1{)1 (m8,14}1%,63.26-3.}3{§) (n19,4
x , 3.38-3.42 (i, 2H), 3.81-3.86 (m, 2H), 3.94-
57 NN | 396 (m, 2H), 677 (4, 9=15.5 Bz, %H) 7.61-7.62
O | (m, 1H), 7.70-7.85 (m, 4H), 8.65 (t, J=5.5 Hz,
. 1H), 11.19 (s, 1H)
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Compound
No.

Structural Formula

Properties

58

Mp 110-111°C. "H-NMR (DMSO-4;) &: 1.65-
1.68 (m, 2H), 2.31-2.35 (m, 6H), 3.27-3.29 (m,
2H), 3.57-3.59 (m, 4H), 7.42-7.43 ém, 2H),
8.03-8.06 (mn, 2H), 8.19 (s, LH), 8.47 (s, 1H)

59

Mp. 166-167°C. "H-NMR (DMSO-dy) 6: 1.33-
1.40 (m, iH), 1.68-1.96 (m, 7H), 2.80-2.87 (m,
2H), 3.01-3.05 (m, 21), 3.24-3.28 (m, 2H),
3.38-3.40 (m, 2H), 6.78 (d, J=15.9 Bz, 15,
7.26-7.31 (m, 2H), 7.42-7.46 (m, 1H), 7.51 (d,
J=15.9 Hz, 1H), 7.65-7.68 (m, 1H), 8.59 (d,
J=5.3 Hz, 1H), 10.45 (s, 1H)

60

Mp. 121-122°C. MS (ED) m/z: 308 (M) ‘1L
NMR (DMSO-dg) 8: LS7-1.63 (m, 211), 2 32-

2.34 (m, 2H), 2.57-2.59 (m, SH), 3.16-3.20 (m,
2H), 6.56 (d, J=15.8 Bz, 1H), 7.23-7.27 (m,
2H), 7.41 ?d, J=15.8 Hz, 1H), 7.60-7.63 (m,
2H). 8.09 (s, 1H)

61

Mp. 178-179°C. "H-NMR (DMSO-de) 5: 1.92-

1.98 (m, 2H), 2.78-2.81 (m, 2H), 3.07-3.13 (m,

4H), 3.24-3.29 (m, 2H), 3.67-3,70 (m, 2H), 6.

(d, J=16.0 Hz, 1H), 7.26-7.31 (m, 2H), 7. 43-
7.52 (m, 2H), 7.65-7.68 (m, 1), 8.56 (t, J=5.6

m 1H), 11.17 (s, 1H)

62

M
O

Mgp 252-253°C. 'H-NMR (DMSO-d;) 5: 1.96-

8 (m, 2H), 3.26-3.28 (m, 4H), 3.57-3.62 (m,

4H), 3.87-3.89 (m, 4H), 6.77 (d, J=15.9 Hz,

1H), 7.26-7.31 (m, 2H), 7.44-7.53 (m, 2H),

z 65-7. 6)8 (m, 1H), 8.55 (s, 1H), 12.00-12.20
br, 1H

63

Mp. 247-248°C. '"H-NMR (DMSO-d;) 5: 1.93-

1.95 (m, 2H), 3.24-3.29 (m, 4H), 3.57-3.61 (m,
4I~I), 3.86-3.88 (m, 4H), 6.62 (d, /=15.8 Hz,
1H), 7.24-7.28 (m, 2H), 7.44 (d, J=15.8 Hz,
1H), 7.63-7.65 (m, 2H), 8.4 (t, J=5.6 Hz, 1H),
12.00-12.25 (br, 15)

64

Mp. 227-228°C, ‘H-NMR (PMSO-dy) 5: 1.08-
8 (m, 5H), 1.59-1.61 (m, 1H), 1.74-1.77 (m,
2H), 1.83-1.89 (m, 2H), 2.03-2.05 (m, 2H),
2.90-2.93 (m, 3H), 3.25-3.29 (m, 2H), 6.77 (d,
J=16.0 Hz, 1H), 7.25-7.31 (m, 2H), 7.43-7.45
(m, 1H), 7.51 (d, J=16.0 Hz, 1H), 7.65-7.68 (m,
lH), 8.57 (t, /=5.7 Hz, 1H), 8.93 (s, 2H)

65

p. 154-156°C. "H-NMR (DMSO-;) 6: 1.50
Sm, 411), 3:14 (m, 289, 320 (, 280, 6.79 (d,
H), 7.26-7.28 (m, 2H), 7.42-7.51
(m, 2}1), % (t, J=1.7Hz, 1H)

66

Mp. 193-195°C. "H-NMR (DMSO-d;) 5: 2.18
%t, J=7.0 Hz, 2H), 3.33 (t, J=7.0 Hz, 2H), 6.78
d, J=16.0 Hz, r? 7.23-7.28 (m, 2H), 7.41-

7.48 (m, 2H), 7.66 (t, J=7.5 Hz, 1K)
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Compound
No.

Structural Formula

Propertics

67

Mp 130-131°C. MS (EX): m4 324 [M]". "H-NMR
(OPMSO-dg) §: 1.61-1.64 (m, 2H), 2.39 (t, J=1.0
Hz, 2H), 2.61-2.64 (m, 2H), 2.71-2.74 (m, 2H),
2.81-2.87 (m, 4H), 3.18-3.22 (m, 2H), 6.57 (d,
J=158 Hz, 1H), 7.23-7.27 (m, 2H), 7.42 (d,
J=15.8 Hz, 1H), 7.61-7.64 (n, 2H), 8,09 (t, J=5.5
Hz, 1H)

68

F o} -HCI
i
(L\ S \§M\ N /\I
= ‘\/S‘\O

Mp 182-183°C. MS (EI}: mvz 324 [M|" (free
form). '"H-NMR (DMSO-d;) 5: 1.97-2.00 (in, 2H),
3.14-3.36 (m, 8H), 3.55-3.61 (m, 4H), 6.77 (d,
J=16.0 Hz, 1H), 7.25-7.31 (m, 2H), 7.41-7.46 (in,
1¥), 7.51 (d, J=16.0 Bz, 1X), 7.65-7.68 (m, 1H),
7.54 (t, J/=5.6 Hz, 1H}, 11.57 (5, 1H}

69

Mp 154-155°C. MS (El): m/z 356 [MJ". '"H-NMR
(DMSO-dg) 8: 2.65-2.67 (m, 4H), 3.50-3.52 (m,
4H), 4.35 (d, J=5.9 Hz, 2H), 6.72 (, J=7.5 lIz,
1H), 6.79-6.83 (m, 2I1), 6.87 (s, 1H), 7.16-7.19 (m,
1H), 7.25-7.30 (m, 2H), 7.41-7.44 (m, 1H), 7.54
@, J=16.0 ¥z, 1), 7.64-7.68 (m, 1H), 8.65 (t,
J=5.8 Hz, 1H)

70

-1 Mp 156-157°C. MS (EI): »/z 372 [M]". "H-NMR

(DMSO-d;) 8: 2.68-2.71 (m, 2H), 2.90-2.94 (m,
2H), 3.57-3.60 (m, 2H), 3.74-3.79 (m, 2H), 4.37
(d, J=4.6 Bz, 2H), 6.79-6.82 (m, 2H), 6.90-6.96
(m, 2H), 7.19-7.30 (m, 3H), 7.43-7.44 (m, 1H),
7.54 (d, J=15.9 Hz, 1H), 7.66 (t, J=6.5 Hz, 1H),
8.66 (s, 1ED)

Mp 180-181°C. MS (El): m/z 338 [M] (free
form). "H-NMR (DMSO-dy) 5: 1.95-2.03 (m, SH),
3.15-3.37 (m, 6H), 3.56-3.65 (m, 4H), 3.72-3.77
(m, 210), 7.25-7.28 (m, 3H), 7.39-7.44 (m, 2H),
8.30 (1, J=5.6 Kz, 1H), 11.52 (s, 1H)

[0148]

Example 113. Analgesic Efficacy Test (1)

A compound of the present invention was orally administered to

mice, to carry out an analgesic efficacy test according to acetic acid

writhing test. As an experimental animal, 4-week old male ddY-type mice

were previously bred, and thereafter 8 mice per one group were used in the
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experiment. A solution or suspension prepared by dissolving or
suspending a compound of the present invention in a 0.5% (w/v) aqueous
CMC-Na solution was orally administered as a test substance in a single
dose. While, to a control group, a 0.5% (w/v) aqueous CMC-Na solution
was administered in the same manner. After 25 minutes from
administration, the mice were intraperitoneally administered with a 0.7%
(v/v) acetic acid/physiological saline at the dose of 10 mL/kg. From S
minutes thereafter, writhing number in a 10-minute period was counted,
and a suppressive rate for each individual (mean = standard error) was

calculated by the following formula:

Suppressive Rate (%) =
(Mean Writhing Number of Writhing Number of

Controf Group - Each
_ Individual) <100
Mean Writhing Number
of Control Group

In the test for significance difference, Bartlett’s test was carried out
in the comparison between multiple groups of the group administered with
test substance with the control group. In the case of homoscedasticity,
Dunnett’s multiple comparison test of parametrics, and in the case of
heteroscedasticity, Dunnett’s multiple comparison test of non-parametrics
were used. In addition, in the test of dose dependency, Jonckheere-
Terpstra’s test was used. In all cases, significance difference was

considered to be found at P<0.05 (indicated as “*” in the table).
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One cxample of the above test results is shown in Table 9. Asa
result of conducling the analgesic efficacy test according to acetic acid
writhing test, the compounds of the present invention exhibited excellent
analgesic effects.

(0149]
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[Table 9]
Dose of Suppressive
Test Substance Test Substance - Rate
(mg/kg) (%)
10 46.9+7.6°
d >
Compound 1 100 62.7+6.0
10 39.9+10.47
, d2 "
Compoun 100 39.9+10.0
10 44.4211.1
c %
ompound 3 106 59.0+8.1
10 47.0+7.8
Compound 4 100 49,0£92"
Compound 3 19 =
p 100 95.7+3.1°
10 29.6+12.8
{  Compound 6 100 70.4£6.1°
10 41.5+17.2
Compound 7 100 68.4+8.0°
10 8.5£13.9
C 18
ompounc 100 28.1+8.3
0 23.2£12.8
Compound 11 100 68,9:‘:4.5'
10 “4.3£12.0
c 7
ompound 12 100 49.4+14.5
10 46.3+11.1
C d )
ompound 14 100 76.8+4.1
10 24.3+12.7
C dis ;
ompoun 100 44.1x6.6
10 42.629.1"
C 116 i
ompoun( 100 65.5+8.9
3+132
Compound 18 10 H? 2"
100 62.3£14.6
10 44.5£11.7
C d )
ompound 21 100 49.74£4.7
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[0150] Example 114. Analgesic Efficacy Test (2)

An analgesic efficacy test was conducted using a Chung model rat, a
neuropathic pain model. Ninc-week old Wistar male rats werc previously
bred as an experimental 2nimal, and a model rat was then prepared in
accordance with the method of Kim and Chung (Pain, 50, 355-363, 1992).
Specifically, left 1.5 spinal nerves of rats were exposed under
anesthetization with pentooarbital (40 mg/kg, intraperitoneal
administration), and firmly ligated with 5-0 silk yarn at [.5 dorsal root
ganglion peripheral side. The animals were placed in a transparent acrylic
cage of which bottom was wire netted The measurement of allodynia was
carried out using von Frey filament (manufactured by North Coast
Medical Inc.) and a 50% reaction threshold was calculated according to an
up-down method, in accordance with a method of Chaplan et al. (J.
Neurosci. Method, 53, 55-63, 1994). The 50% reaction thresholds were
measured twice before injury of the spinal nerve, and those animals of
which thresholds were outside the standard were removed from the
operation of spihal nerve injury. On or after 14 days from the spinal nerve
injury, a 50% reaction threshold was measured, and those showing
thresholds of 1 g or more and less than 4 g were used as experimental
animal. The group was constituted by 7 or 8 rats per group so that an
average of a 50% reaction threshold for each group would be nearly even.

A solution or suspension prepared by dissolving or suspending a
compound of the present invention in a 0.5% (w/v) aqueous CMC-Na
solution was orally administered as a test substance in a single dose. Also,

a 0.5% (w/v) aqueous CMC-Na solution was administered in the same
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manner to the control group for nerve injury. The measurements of
allodynia were carried out with the passage of time afier administration,
and a 50% reaction threshold (mean * standard error) of each group at
action peak was calculated. In the test for significance difference,
Bartlett’s test was carricd out in the comparison between multiple groups
of the group administered with test substance with the conirol group for
nerve injury. In the case of homoscedasticity, Dunneit’s multiple
comparison test of parametrics, and in the case of heteroscedasticity,
Dunnett’s multiple comparison test of non-parametrics were used. In all
cases, significance difference was considered to be found at P<0.05
(indicated as *“*” in the tables).

One example of the above test results is shown in Tables 10 to 12.
As a result of conducting the analgesic efficacy test using Chung model
rats, a neuropathic pain model, the compounds of the present invention

exhibited significantly excellent analgesic effects.
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[Table 10]
50% Reaction Threshold (g) J
])’osc of | Measure- | gontrol Group for Group Administered
. Test Test ment Nerve Injury with Test Substance
Substance Substance I—"‘omt Before After Before After
(mg/kg) | (minute) | Aqminis- | Adminis- | Adminis- | Adminis-
tration tration tration tration
Compound 1 ! 90 2708022 | 3138022 |2 o008 | 6.7L%133
: n .790, 130,
amp 10 ' 2.74+0.06 | 14.06+0.61%
1 2.87+0.15 | 4.85£0.78
L
Compound 2 0 30 2.85+0.21 | 3.51x0.30 2842016 | 7762130
1 2.,79+0.08 | 6.74£1.04%
C d 3 90 2.81+0.00 | 3.32+0.39
omponn 10 2.51£0.00 | 10.06:1.60%
1 2.74:0.06 | 3.98+0.21
4 3 2.75£0.23 { 3.08+0.33
Compound 0 0 8 2.7420.06 | 7.35%0.95%
i 2,98+0.13 | 4.91x+0.73
- N 0771
Compound S o 90 2.69£0.11 | 2.97x0.32 5.9820.03 | 8.C32L01
1 2.6920.12 | 10.87=1.24%
C g 68x0. 92x0.3
ompound 6 10 90 2.68x0.08 | 3.92x0.39 2.7420.06 | 14.0620.61
1 2,69:0.12 | 9.05+1.80
C d7 —— 90 2.68£0.08 { 3.92+0.39
omponn 10 > 2722006 | 12.70%1.16%
1 2.94+0.13 | 4,37=0.53
C ds 90 2.96x0.11 | 2.97=0.32
ompoun 10 2.9620.15 | 5.5741.18*
1 2.63x0.18 | 11.69+1.807
6 2.69£0,2 A41:0.22
Compound 11 1—5 °0 692024 1 341022 1 o 014 | 1427%0.737
1 2.87x0.15 | 4.64+0.70
C d12 60 2.85+0.21 | 3.60+0.51
ompoun 10 8 6 2.8750.15 | 5.0051.17
1 2,63£0.18 | 12.38%1.15*
C 4 .6920.2 3.41%0.22
ompound 1 10 60| 2695024 | 302 33 | 13.6120.96%
1 2.82£0.19 | 7.45+1.95%
2.85£0.21 | 3.50=0.23
Compound 15— % 8021 | 3302023 1 ear0.05 | 7.4321.63*
1 2.67+0.14 | 5.48+0.82
C 6 68£0.08 | 3.92+0.3
ompound 16 0 90 2.68+0 92:+0.39 2.6720.14 | 7.4851.30
1 2.94£0.13 | 10.92:41,33%
690, 97+0.32
Compound 18— 0| 26550 | 27032 b i3 | 11441957
0.1 2.81£0.00 | 6.04+0.89
Compound 21 0.3 90 2.81+0.00 | 3.72+0.22 | 2.8120.00 | 8.80+1.42*
1 2.81£0.00 | 11.78x1.20*%
[0154)
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[Table 11]
50% Reaction Threshold (g)
. Dose of | Measure- | “Control Group for Group Administercd
Test Test ment Nerve Injury with Test Substance
Substance Substance P_omt Before After Before After
(mg/kg)  (minute) | Aqminis- | Adminis- | Adminis- | Adminis-
tration trition triation tration
C d23 L 90 2.74+0.06 | 3.48£0.40 2.74+0.06 | 8.22+1.43%
ompoun 10 HIEERAG 1 SASEIAY 5 740,06 | 9.81=1.27
1 2.7430.06 | 4.63£0.36
C 60 2.74£0.06 | 3.12£027
ompound 24 5 | 2.7440.06 | 7.8520.99~
1 2.8120.00 | 8.17+1.09%
C 25 8120.00 | 2.68+0.34
empound 10 60 2.810.00 2.8120.00 | 9.68£1.20%
Combound 26 1 0 S ae0t3 | 3100027 | 274006 | 10251107
-ompomne =6 g R IR S 742006 | 14.3340.67
Compound 28 ! 60 2.74£0.13 | 3.19£0.27 2.81+0.00 | 84421317
n . N . o
mpo 10 2.8120.00 | 12.05:1.44*
1 2.8120.00 | 5.1020.42
: ¢ 2.8120.00 | 2.680.34
Compound 29— 60 8 o8 2.8120.00 | 10.51=1.15%
1 2.81+0.00 | 8.93=1.46*
740,06 | 3.120.
Compound 33 m 60 2.74+0.066 12+0.31 3.8120.00 [ 9352 10°
1 2.74%0.06 | 2.74=023
C d38 0 2774011 | 2.45:0.17
empoun 10 ? > 2.8120.00 | 4.06%0.52%
C nd 39 1 90 2.77£0.11 | 2.45+0.17 2.8120.00 | 3.55%0.59
ompou 10 SIS A 5 812000 | 4.0520.48
1 ' 2.81£0.00 | 3.6120.41
d 2.7930.08 | 3.07+0.25
Compound 40 |— 60 792008 2.8120.00 | 5.86+1.17
1 2.8120.00 | 2.60£0.32
d 42 2.7740.11 | 2.680.
Compoun 10 30 0-11 | 2.68+0.08 |- o 0,00 | 4.2420.35%
1 2.8120.00 | 8.81%1.05*
C d 45 0 2.7410.13 | 3.39+0.25
omponn 10 ? 2.8120.00 | 12.23£1.10%
1 2.8120.00 | 7.51=1.60%
d 46 0 2.74+0.06 | 2.58+0.20
Compoun 10 3 2.8120.00 | 8.70=1.43%
1 2.8120.00 | 10.58+1.74%
d 2.7420.06 | 3.12+0,
Compound 47 T 60 TR0.06 | 3122027 |5
1 2.63:0.18 | 7.42+1.14*
c ds2 30 2.75£0.23 | 2.93+0.33
ompoun 10 2.670.14 | 9.12:2.00%
[0155)
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[Table 12]
50% Reaction Threshold (g)
Dr‘"s" of | Measure-| Control Group for | Group Administered
Test Test ment Nerve Injury with Test Substance
Substance |Substance Point Before After Before After
(mgfkg) | (minute) | Adminis- | Adminis | Adminis | Adminis-
tration ! - tration | - tration tration
~ 1 2.67+0.14 | 5.18+0.81
d 54 - 93:40.
Compound 54 10 30 2.75+0.23 | 2.93+0.33 2742017 |11.20£1.19%
1 - ,12.7240.09 | 4.03£0.54
Compou_nd 60 10 30 2.7240.15 | 3.02+0.44 2.7220.09 | 8.452L.01%
1 ’ , 2.74+0.06 110.64+1.38*
Compound 61 0 60 2.79+0.22 | 2.86+0.28 2772000 1118121477
1 ) 2.66£0.25 | 6.17%1.33
Compound 62— 20 26340251 3.2320.37 5 g 523 | 9.20%1.28%
1 2.74%0.06 | 3.60£0.35
yoq 15
Compound 63— 0 | 272015 13304030 5 700,02 | 6.7420.62%
- 1 _ 2.74+0.06 | 5.01=0.52*
SN + 2:0.
Compound 65 10 60 2.74+0.06 | 3.12+0.41 3 .8120.00 | 52420477
1 2.7240.09 110.63£1.23%
Compound 67 10 60 2.7540.23 | 3.14:40.22 2.6820.08 110.7122.13%
1 2.68+0.23 | 9,04+1.17*
C d 68 06320, 2320,
ompoun 10 90 | 2632025 ) 3232037 ) 050,13 [11.2520.94
1 2.5940.21 | 3.68+0.40*
C dé .620. . .
ompound 69 10 60 2.6240.29 | 2.30:0.26 3.6120.20 | 4.35£051
1 2.61+0.14 | 4.09+0.34*
d’7 2. . . .
Compound 707 —5 60 ] 262029 12.3020.26 5 30018 | 3410317

INDUSTRIAL APPLICABILITY

[0156)

As shown in various analgesic effect tests described above, the

cinnamic acid amide derivative of the present invention is a compound that

shows an excellent analgesic action to not only a model animal for

nociceptive pains but also a model animal for neuropathic pains, and also

has excellent migration into the blood upon the oral administration.

Therefore, the compound of the present invention is very useful as a drug
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for treating various acute or chronic pain diseases and neuropathic pain
diseases such as reflex sympathetic dystrophy, postherpetic neuralgia or
diabetic neuropathy for which analgesics such as nonsteroidal anti-

inflammatory drugs (NSAIDs) are less likely to effect.
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1. A compound or a pharmaceuntically acceptable salt or hydrate thereof, wherein

the compound is represented by the following gencral formula (I):

X, o

N NH — (CH,)n— R,

% Re M

wherein n stands for an integer of from 1 10 4;

X, and X5, which arc identical or different, stand for a hydrogen, a fluorine,
a trifluoromethyl, or a carboxy, and cither one of X, and X stands for a
substituent other than a hydrogen;

R, stands for:

- an imidazolyl substituted with alkyl having 2 to 6 carbon atoms or
phenyl;

- a pyrrolyl which may be substituted with alkyl having 1 to 4 carbon
atoms;

- a phenyl substituted with amino, isoxazolyl or morpholino;

- a phenyl substituted with thiomorpholino which may be substituted with
0X0;

- a thiomorpholino which may be substituted with one or two oxos; or

- any one of substitucnts sclected from guanidino, indazolyl, and
cyclohexylamino; and

R; stands for a hydrogen, a cyano or an alkyl having 1 w0 4 carbon atoms.
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6.

The compound or a pharmaccutically acceptable salt or hydrate thereof
according to claim 1, wherein R, is a hydrogen, and whercin either one of

X, and X is a hydrogen, and the other is a fluorine.

The compound or a pharmaccutically acceptable salt or hydrate thereof
according to claim 2. wherein R, is an imidazolyl substituted with alkyl

having 2 to 6 carbon atoms or phenyl.

The compound or a pharmaccutically acceptable salt or hydrate thereof
according to claim 2, wherein R, is a pyrrolyl which may be substituted

with alkyl having 1 to 4 carbon atoms.

The compound or a pharmaccutically acceptable salt or hydrate thereof
according to claim 2, whercin R, is a phenyl substituted with amino,

isoxazolyl, or morpholino.

The compound or a pharmaceutically acceptable salt or hydrate thereof
according to claim 2, whercin R, is a phenyl substituted with

thiomorpholino which may be substituted with oxo.
The compound or a pharmaceutically acceptable salt or hydrate thereof
according to claim 2, wherein R is a thiomorpholino which may be

substituted with one or two 0xo0s.

The compound or a pharmaceutically acceptable salt or hydrate thereof
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according to claim 2, wherein R, is any one of substituents selected from

guanidino, indazolyl, and cyclohexylamino.

The compound or a pharmaceutically acceptable salt or hydrate thercof
according 1o claim 1, which is selected from the group consisting of (£)-3-
(4-fluorophenyl)-N-(3-thiomorpholinopropyl)-2-propenamide, (££)-3-(2-
thuorophenyl)-N-(3-thiomorpholinopropyl)-2-propenamide, (£)-N-[3-(1,1-
dioxo-1,4-thiazinan-4-yl)propyl]-3-(2-fluorophenyl)-2-propenamide, (£)-
N-[3-(1,1-diox0-1,4-thiazinan-4-yl)propyl]-3-(4-fluorophenyl)-2-
propenanide, (£)-3-(4-fluorophenyl}-N-[3-(1-0xo0-1,4-thiazinan-4-
ylpropyl}-2-propenamide and (£)-3-(2-fluorophenyl)-N-[3-(1-0x0-1,4-
thiazinan-4-yl)propyl]-2-propen-amide.

The compound or a pharmaccutically acceptable salt or hydrate thercof
according to claim 1, which is sclected from the group consisting of (£)-3-
(4-tluorophenyl)-N-(3-thiomorpholinopropyl)-2-propenamide, (¥)-3-(2-
fluorophenyl)-N-(3-thiomorpholinopropyl)-2-propenamide, (£)-3-(4-
{luorophenyl)-N-[3-(1-0x0-1,4-thiazinan-4-yl)propyl]-2-propenamide and
(£)-3-(2-fluorophenyl)-N-] 3-(1-0x0-1,4-thiazinan-4-yl)propyl]-2-

propenamide.

A pharmaccutical agent, comprising. as an active ingredient, at lcast a
compound, or salt or hydrate thereof, the salt or hydrate being
pharmaceutically acceptable, wherein the compound is tepresented by the

following general formula (T):
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AN NH— (CH,)n— R,

% Re m

wherein n stands for an integer of from 1 to 4;
X, and X,, which are identical or different, stand for a hydrogen, a fluorinc,
a trifluoromethyl, or a carboxy, and either one of X and X stands for a
substituent other than a hydrogen;

R, stands for:

- an imidazolyl which may be substituted with alkyl having 1 1o 6 carbon
atoms or phenyl;

- a pyrrolyl which may be substituted with alkyl having | to 4 carbon
atoms;

- a phenyl substituted with amino, alkoxy having 2 to 4 carbon atoms,
pyrazolyl, isoxazolyl or morpholino,

- a phenyl substituted with thiomorpholino which may be substituted with
0X0;

- a thiomorpholino which may be substitutcd with one or two oxos; or

- any one of substituents selected from carboxy, guanidino, benzo-
imidazolyl, indazolyl, pyrazolyl, triazolyl, pyridyl, pyrrolidinyl,
hexamethyleneimino, morpholino, and cyclohexylamino; and

R; stands for a hydrogen, a cyano or an alkyl having 1 to 4 carbon atoms.

The pharmaceutical agent according to claim 11, which is an analgesic.
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——
N

16.

17.

18.

The pharmaceutical agent according to claim 12, wherein the analgesic is a

therapeutic agent for chronic pains.

The pharmaceutical agent according to claim 13, wherein the therapeutic
agent for chronic pains is a therapeutic agent for lumbago, arthralgia, or

neuropathic pains.

The pharmaceutical agent according to claim 12, wherein the analgesic is a

therapeutic agent for neuropathic pains.

The pharmaceutical agent according to any onc of claims 11 to 5, which

is an oral preparation.

The pharmaceutical agent according to any one of claims 11 to 15, which

is an injectabic preparation.,

Use of a compound or a pharmaceutically acceptable salt or hydrate
thereof in the manufacture of a pharmaceutical agent for the treatment of
lumbago or arthralgia, wherein the compound is represented by the

following general formula (I):
X, o
N NH— (CHyn— R,

X Re )

wherein n stands for an integer of from 1 to 4;
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X and X,, which are identical or different, stand for a hydrogen, a fluorine,
a trifluoromethyl, or a carboxy, and either one of X and X, stands for a
substituent other than a hydrogen;

R, stands for:

- an imidazolyl which may be substituted with alkyl having 1 to 6 carbon
atoms or phenyl;

- a pyrrolyl which may be substituted with alkyl having 1 to 4 carbon
atoms;

- a phenyl substituted with amino, alkoxy having 1 to 4 carbon atoms,
pyrazolyl, isoxazolyl or morpholino;

- a pheny! substituted with thiomorpholino which may be substituted with
0XO0;

- a thiomorpholino which may be substituted with one or two oxos; or

- any one of substituents selected from carboxy, guanidino, benzo-
imidazolyl, indazolyl, pyrazoiyl, triazolyl, pyridyl, pyrrolidinyl,
hexamethyleneimino, morpholino, and cyclohexylamino; and

R, stands for a hydrogen, a cyano or an alky! having | to 4 carbon atoms.




