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(S)-4- AM NO 5- CHLORO 2- METHOXY-N-[ 1-[ 1-(2- TETRAHYDROFURYL- CARBONYL)

- 4- Pl PERIWDNYMEIHYL] - 4- PI PERI DI NYL] BENZAM DE, 5 PROCESSPECTRPIIAG051
PREPARATI ON THEREOF, PHARVACEUTI CAL COVROSI TI ON CONTAI NI NG THE SAME, AND

| NTERVEDI ATE THEREFOR TECHNI CAL FI ELD 18 The present invention relates to
a novel (S)-4-am no-5-chloro-2- nethoxy-N[ 1-[

| - (2-tetrahydrofuryl carbonyl) - 4-pi peridinyl methyl]-4- piperidinyl]benzam de
exhibiting a potent gastrointestinal notility enhancing effect based on

its agonistic activity on seroton] E"H'é ereinafter, occasionally
referred to as 5-HT4 receptor) aﬁjd \ﬁ%&e?m%&gffects on the heart. Said
conmpound is an am de conpound of 4- am no-5-chl oro-2-nmet hoxybenzoi c aci d.
The present invention also relates to a process for the preparation of
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sel ective agonistic fects on 5-HT4 receptor, and are useful
THEREFOR

TECHNICAL FIELD-

10 The present invention relates to a novel (S)-4-amino-5-chloro-2-
methoxy-N-[1-[1-(2-tetrahydrofurylcarbonyl)-4-piperidinylmethyl]-4-
piperidinyljbenzamide exhibiting a potent gastrointestinal motility
enhancing effect based on its agonistic activity on serotonin 4 receptor
(hereinafter, occasionally referred to és 5-HT, receptor) and having few

15 effects on the heart. Said compound is an amide compound of 4-
amino-5-chloro-2-methoxybenzoic acid.

The present invention also relates to a process for the
preparation of said compound, a pharmaceutical composition

containing said compound, and an intermediate therefor.

20
BACKGROUND ART
JP-A-2000-80081 discloses that 1-(1-substituted-4-piperidinyl-
methyl)-4-piperidinylbenzamide and an ester derivative thereof of the
following formula (P-1), which is formed by binding a 1-(1-substituted-
25 4-piperidinylmethyl)-4-amino(or hydroxy)-piperidine derivative with a 4-

amino-5-halogeno-2-alkoxybenzoic acid via an amide or ester bond,



medi canments in the prophylaxis or treatnment of various gastrointestinal
diseases, etc. Rk R2 3 NCOX NCH2 NA (P-1) R OR 4 5 wherein Rl is a

hal ogen aworB/0RB3% s a hydrogen atomor a | ower al kyl groupCTRBOI/®0H
hydrogen atom a | ower al kyl group, etc.;, R4 is a hydrogen atomor a | ower
al kyl group; Xis -NH or -0-; 10 Ais aggroup of the follow ng fornula
(A1), (A2) or (AA3): -(CH2)P C(R7)(R8)-COR9 (A-1) (in which pis 0, 1,
2, 3, 4or 5 R7is a hydrogen atom a |lower alkyl group, etc., R$ is a
hydrogen atomor a | ower al kyl group, 15 RO is a | ower al koxy group, etc.),
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heteroaryl ), (CH2)g Z-R11 (A-3) (in which gis 0, 1, 2, 30r
Zis -C%ES%%%FS %)&: WO 03/ 097638 PCT/JP03/ 06051 3

oy OO o
R

5 wherein R! is a halogen atom,;

R? is a hydrogen atom or a lower alkyl group;
R® is a hydrogen atom, a lower alkyl group, etc.;
R* is a hydrogen atom or a lower alkyl group;
X is -NH- or -O-;
10 A is a group of the following formula (A-1), (A-2) or (A-3):
-(CH,),-C(R")(R®)-COR?® (A-1)
(in which pis 0, 1, 2, 3, 4 or 5,
R’ is a hydrogen atom, a lower alkyl group, etc.,
R® is a hydrogen atom or a lower alkyl group,
15 R® is a lower alkoxy group, etc.),
-CO-R¥® (A-2)
(in which R is a substituted or unsubstituted phenyl-lower
alkyl group, a substituted or unsubstituted heteroaryl group, a
saturated monocyclic or bicyclic hetero ring, a cycloalkyl group,
20 a lower alkenyl group, a trifluoromethyl group, a lower alkyl
group being substituted by a heteroaryl group, etc.),
-(CH,),-Z-R" (A-3)
(in whichqis O, 1, 2, 3 or 4,
Z is -CH,- or -O-,



R' is a hydrogen atom a |ower al kyl group, a cycloal kyl group, etc.,

provided that when qis O, then Zis -CH2-, etc.). The above publication

al so di scWwoes976881 Exanple 5 thereof, a conpound of the fPairlJeed/esgstf or mul a
(Conpound A) as a conpound of the 5 fornula (P-1) wherein RIO in the above

formula (A-2) is a saturated nonocyclic tero ring containing an oxygen
Cl NNN Compound A ---C)L 1/ HO H2N OCH3 In addition,

atom 0O
above publi

cation discloses, in Exanple 19 thereof, a conmpound of the

following formula (Conpound B) as a 10 conpound of the fornmula (P-1)
wherein RIOin the fiarmula (A-2) is a hetero roup cont ai.ni an _oxygen
atom 00 OC NRNS@ géfﬁé}?ﬂ?% 3oy, 4 fowex 04p, ﬂ&k@@%@%’r BEoUBov o
publ i cation does ngt discl.gs ci.fically conmpaun f the present
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formula (P-1) wherein R in the above formula (A-2) is a saturated

monocyclic hetero ring containing an oxygen atom.

O
Cijd\NCN@NJn Compound A
H

HoN OCHg

In addition, the above publication discloses, in Example 19
thereof, a compound of the following formula (Compound B) as a
compound of the formula (P-1) wherein R in the formula (A-2) is a

heteroaryl group containing an oxygen atom.

O ? o)
H
HoN OCHj3

However, the above publication does not disclose specifically a
compound of the present invention of the formula (I) as disclosed below

in the form of an (S)-optical isomer, which corresponds to a compound

' of the formula (P-1) wherein R?° in the above formula (A-2) is a 2-

20

tetrahydrofuryl group.

In the 1990s, 5-HT, receptor was found during studies on 5-HT
receptor subtypes participating in gastrointestinal motility enhancing
effect by metoclopramide and cisapride, and it was confirmed that such
benzamide derivatives enhance the gastrointestinal motility by

activating 5-HT, receptor, this being widely distributed throughout the



20 effect by metocl opram de and cisapride, and it was confirned that such
benzam de derivatives enhance the gastrointestinal notility by activating
5- HT4 r ecwptoot976shi s bei ng wi dely distributed throughout wPhe/JW3/@831097638
PCT/ JP03/ 06051 4 gastrointestinal organs (cf., J. Pharmacol. Exp. Ther.,
252, 1378-1386 (1990); J. Pharmacol. Exp. Ther., 257, 781-787 (1991)).
Thus, a conpound activating 5-HT4 receptor nay be expected to enhance the
gastrointestinal notility, but metocl opram de as nentioned above 5 causes a
central nervous system depression based on the antagonistic activity on
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(1-substituted-4-piperid nyl net -4-pi peridinylarfide or a corresponding

ester deri vaidstenldagéatkbnt¥ih thel QidiedNHeM [oF., Y. PdfAfcol. Exp. Ther.,
5- hal ogeno- 2- al koxybenzoi ¢ acid or a 4-am no- 5-hal ogeno- 2, 3-di hydr o-
C

benzo[ b] f ur 2827208cH9%y1DO7RCTHe RG] i0f Peridiries? ol B4 P1ogFfjer bond, 25
shows a potent agonistic activity on 5-HT4 receptor, and is useful as an

10 Besides, recently, there has been, as a growing tendency, an

increase in the number of patients suffering from symptoms associated
with gastrointestinal motility disorders due to today's complicated
society and aging society, and under these circumstances, it has been
strongly desired to develop an excellent gastrointestinal motility

15 enhancer (gastrointestinal prokinetic agent) with less adverse effects.

DISCLOSURE OF INVENTION
Under these circumstances, the present inventors have

conducted intensive studies on 1-(1-substituted-4-piperidinylmethyl)-4-
20 piperidine derivatives activating 5-HT, receptor, and have found that 1-

(1-substituted-4-piperidinylmethyl)-4-piperidinylamide or a

corresponding ester derivative thereof, which is bound with a 4-amino-

5-halogeno-2-alkoxybenzoic acid or a 4-amino-5-halogeno-2,3-dihydro-

benzo[b]furan-7-carboxylic acid respectively via an amide or ester bond,
25 shows a potent agonistic activity on 5-HT, receptor, and is useful as an

excellent gastrointestinal motility enhancer, and they filed a patent



excel l ent gastrointestinal notility enhancer, and they filed a patent WD
03/ 097638 PCT/JP03/ 06051 5 application as to the conpounds of the

above- mrerwpopeerebor mula (P-1) (i.e., the above publicati @aT/JP03/06051

JP- A-2000- 80081). Although it is apparent that nedi canents belonging to
this kind of category exhibit sufficient gastrointestinal notility
enhancing activity, 5 nevertheless it has strongly been desired to devel op
medi canment s havi ng no di sadvant ageous effects on the heart, particularly,
no action of prolonging the QT interval of an el ectrocardi ogram which is
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bond to the on roup, they have tinally found that only a conpound

o i o HARCEIPRDMIATSCSCARR IS ity gald it e
ring, i.e.,cidapfideCadntdh@bRed alvBO¥MdMAWinkInd dentral nervous system
10 depression based on the dopamine D, receptor antagonistic activity as
observed with metoclopramide, and it has become important to solve
these problems.
Under these circumstances, in order to find a safer benzoic acid
derivative, which exhibits an excellent enhancing activity on the
15 digestive tract with few effects on the heart, etc. as few as possible, or
even no, antagonistic effects on dopamine D, receptor, the present
inventors synthesized various derivatives and studied the
pharmacological activities thereof.
Aiming at the compounds of the formula (P-1) wherein a
20 saturated monocyclic hetero ring bonds to the carbonyl group as a
substituent A, the present inventors have tried to convert the
substituents into various ones wherein a hetero atom does not directly
bond to the carbonyl group, they have finally found that only a
compound of the formula (P-1) wherein the substituent A is a specific
25 substituent binding to the carbonyl group at the 2-position of the
tetrahydrofuran ring, i.e., 4-amino-5-chloro-2-methoxy-N-[1-[1-(2-



WO 03/ 097638 PCT/JP03/ 06051 6 tetrahydrofuryl carbonyl)
-4-piperidinylnmethyl] -4-piperidinyl] benzam de, nmaintains a potent
agoni sti cweweBioyicsy on 5- HT4 receptor and a potent i nduci mgTd@d/06nily oOf
defecation by oral adm nistration thereo%v;a and further that such a
conpound has high safety with extrenely ak 5 effects on the heart.

4- Am no-5-chl oro-2-nmet hoxy-N-[ 1-[ |-(2-tetrahydrofuryl -

car bonyl) - 4- pi peri di nyl net hyl ] - 4- pi peridi nyl ] benzam de thus newy found
has an asynnetric carbon atom at the 2- position of the tetrahydrofuryl
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10 compound into an (S)-isomer and an (R)-isomer, and tried various

pharmacological tests thereon. As a result, they have found that these
optical isomers showed pharmacological activities such as a 5-HT,
receptor agonistic activity and an inducing activity of defecation almost
equal to the racemic compound thereof, and further that these optical

15 isomers showed few effects on the heart. In addition, the present
inventors tested these optical isomers with respect to their binding
activities to various receptors, and have unexpectedly found that only
one of these optional isomers, (S)—4-amino—S—chloro-Z-methoxy—N—[1-[1-
(2-tetrahydrofurylcarbonyl}-4-piperidinylmethyl]-4-piperidinyl]-

20 benzamide, is a selective 5-HT, receptor agonist having no inhibitory
activity of dopamine D,, which can be a cause for side effects on the
central nervous system, and finally have accomplished the present
invention.

An object of the present invention is to provide a novel 4-amino-

25 5-chloro-2-methoxy-N-[1-[1-(2-tetrahydrofurylcarbonyl)-4-piperidinyl-

methyl]-4-piperidinyl]benzamide exhibiting a potent agonistic activity on



7 5-HT4 receptor. Another object of the present invention is to provide a
conpound bei ng useful as a gastrointestinal notility enhancer or a

gast r oi ntwetosgde3pr oki neti c agent. Further object of the pceEgem/ocosinventi on
is to provide a pharnmaceutical conpositigon containing said 5 conmpound.
Still, further object of the present invention is to provi de an

I nternmedi ate for preparing said conpound. These and ot her objects and
advant ages of the present invention are obvious to any person skilled in
the art fromthe follow ng disclosure. The present invention provides an
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skilled in the art from the following disclosure.

The present invention provides an (S)-4-amino-5-chloro-2-
10 methoxy-N-[1-[1-(2-tetrahydrofurylcarbonyl)-4-piperidinylmethyl]-4-
piperidinyl]benzamide of the following formula (I}, a pharmaceutically

acceptable acid addition salt thereof, and a hydrate thereof,

O
i J,
Cl N N r |
N 0]
H O
HoN OCHj3
and a pharmaceutical composition containing the same, and as an
15 intermediate for preparing the above compound (), an (S)-4-amino-1-[1-

(2-tetrahydrofurylcarbonyl)-4-piperidinylmethyl]piperidine of the

following formula (V), and an acid addition salt thereof

O
I
HzN@N"CHZCN‘%.O N
o,

The pharmaceutically acceptable acid addition salt of the
20 compound of the formula (I) includes a salt with an inorganic acid such
as a hydrochloride, hydrobromide, hydroiodide, sulfate or phosphate, or

a salt with an organic acid such as an oxalate, maleate, fumarate,



| actate, malate, citrate, tartrate, benzoate, nethanesul fonate or

succinate. The acid addition salt of the conpound of the fornmula (V) may be
any of thwophasmeseutically acceptable acid addition salt®cagproxisbiioned 5
above, but may be any other acid addition salt which can be fornmed with the
conmpound (V). The conmpound of the formul & (I') and a pharnmaceutically
acceptable acid addition salt thereof, and the conpound of the formula (V)
and an acid addition salt thereof nay exist in the formof a hydrate 10 or
a solvate, and the present invention also includes these hydrates and/or

sol vates as | ] . The conpound of, the present invention be prepared,
for exanpl @ﬁﬁtﬁ,ﬁﬁ@fﬁt&r Eﬁﬁ% tﬁ?@@&‘%s@%‘?‘z‘ﬁ GoBid @Qfs!lltgg}éﬁercorrpound of
t he forrrula“&flz T8 be prepared by reacting a conpound of the formula
(11): a %ﬁﬁ-gwcm NH (I1) ~OCH3 with a conpound of the follow ng

(9ot r ahyd of ur bHe 200 Aohsalt Phjite SPnipa TN e Rimpe (VL o Peor
The react | ve, defrvat e L L0ACAAIARMAEL AL deid MR SRl Y 0034052038

PCT/ JP03/ 06
5 above, but may be any other acid addition salt which can be formed

with the compound (V).
The compound of the formula (I) and a pharmaceutically
acceptable acid addition salt thereof, and the compound of the formula
(V) and an acid addition salt thereof may exist in the form of a hydrate
10 or a solvate, and the present invention also includes these hydrates
and/or solvates as well.
The compound of the present invention may be prepared, for
example, by the following processes.
Process (a
15 The compound of the formula (I) may be prepared by reacting a

compound of the formula (II):

Cl
HZNQ—CONH—CN—CHZ—CNH )

OCHj;

with a compound of the following formula (III):

Q
HO‘C///:. O (i)
O

20 (Chemical name: (S)-tetrahydrofuran-2-carboxylic acid)
or a reactive derivative thereof.

The reactive derivative of the compound (IIl) includes, for



9 exanple, a lower alkyl ester (especially, a nmethyl ester), an active
ester, an acid anhydride, and an acid halide (especially, an acid

chl ori de)woTh®9mes i ve ester includes, for exanple, p-nitr@changdocesi er,
pent achl oro- phenyl ester, pentafluorophgnyl ester, N hydroxysuccinim de
ester, N 5 hydroxyphthalim de ester, 1-hydroxybenzotriazole ester,

8- hydroxy- quinoline ester, and 2-hydroxyphenyl ester. The acid anhydride
i ncludes, for exanple, a symetric acid anhydride and a m xed acid
anhydride. The m xed acid anhydride includes, for exanple, a mxed acid

acid. 15 Wh V&S ) “pe ised, eJreactiren can be
o S SR s
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1, 3-di cycl Oﬁﬁ;f]%i e8! RRUAAThBR, A synFhéitic dcidafhiatHad A9 aoRfioed bkid

car bodi i m de rochl ori 1S us as a condensing agent, N hydroxy-

succi ni m degy Kﬁi&g&)x%}f‘éﬁﬁﬁ%&%ﬁ& anhydHdl Holulles; Brbetanpld,az nixed

4(3H) - one, or r oxy-5-nor bornen-2,"3-di carboxi mde, etc. may be added

into the regsld SRhpAsiHe it ARP/EBBr&EdbU Il as ¥ehyl chloro-

10 carbonate and isobutyl chlorocarbonate, a mixed acid anhydride with

an aralkyl chlorocarbonate such as benzyl chlorocarbonate, a mixed
acid anhydride with an aryl chlorocarbonate such as phenyl chloro-
carbonate, and a mixed acid anhydride with an alkanoic acid such as
isovaleric acid and pivalic acid.

15 When the compound (III) per se is used, the reaction can be
carried out in the presence of a condensing agent such as 1,3-dicyclo-
hexylcarbodiimide, 1-ethyl-3-(3-dimethylaminopropyljcarbodiimide
hydrochloride, N,N’-carbonyldiimidazole, benzotriazol-1-yloxy-tris-
(dimethylamino)phosphonium - hexafluorophosphate, N,N’-disuccin-

20 imidyl carbonate, 1-ethoxycarbonyl-2-ethoxy-1,2-dihydroquinoline,
diphenylphosphoryl azide, and propanephosphonic anhydride. When
1,3-dicyclohexylcarbodiimide or 1-ethyl-3-(3-dimethylaminopropyl)-
carbodiimide hydrochloride is used as a condensing agent, N-hydroxy-
succinimide, 1-hydroxybenzotriazole, 3-hydroxy-1,2,3-benzotriazin-

25 4(3H)-one, or N-hydroxy-5-norbornen-2,3-dicarboximide, etc. may be

added into the reaction system.



The reaction of the conpound (I11) or a reactive derivative thereof wth
the conmpound (Il) is carried out in a solvent or wthout a solvent. The
sol vent sWwouwB@91se8 sel ect ed according to the kinds of the P€eaOPIIE051
derivative of conmpound (I11), etc., and jncludes, for exanple, aromatic 5
hydrocarbons (e.g., benzene, tol uene, xyll ne), ethers (e.g., diethyl ether,
t et rahydr of uran, di oxane), hal ogenated hydrocarbons (e.g., nethylene
chloride, chloroforn), ketones (e.g., acetone, nethyl ethyl ketone), ethyl
acetate, acetonitrile, dinethylformamde, dinethyl sulfoxide, 1-nethyl-

or "rore sol vent o. [ hhacREtaR AP tapeHBRa) ShE actPeHaRANS thgcet® 0
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- t ot t ’ a (FIi), i.é.,

in JP-A-200 1, and the’tonpound e 25 formi

(S) - tetr ahygdeabus aficcdoidtriexditet@pitshmbfiderarhetidfll suliewvade! abietieyl-may be
prepared by a conventional nethod.” WO 03/097638 PCT/ JP03/ 06051 11 ~ Process

(b) 2-pyrrolidone, and these solvents are used alone or in a mixture of two

10 or more solvents.

The reaction may optionally be carried out in the presehce of a
base, if necessary. The base includes, for example, an alkali metal
hydroxide (e.g., sodium hydroxide, potassium hydroxide), an alkali
metal carbonate (e.g., sodium carbonate, potassium carbonate), an

15 alkali metal hydrogen carbonate (e.g., sodium hydrogen carbonate,
potassium hydrogen carbonate), and organic bases (e.g., triethylamine,
tributylamine, diisopropylethylamine, N-methylmorpholine), but an
excess amount of the compound (II) may be used instead of a base.

The reaction temperature varies according to the kinds of the

20 reactive derivative of compound (IIl), etc. to be used, but it is usually in
the range of about -30°C to about 250°C, preferably in the range of
about -10°C to about 150°C.

The compound of the formula (II) may be prepared by the
method disclosed in JP-A-2000-80081, and the compound of the

25 formula (I1I), i.e., (S)-tetrahydrofuran-2-carboxylic acid, is commercially

available or may be prepared by a conventional method.



The conpound of the fornmula (1) may be prepared by reacting a conpound of
the formula (1V) : G H2ZN COOH (IV) OCH3 5 or a reactive derivative

t her eof vwoOh3@Iwaspound of the following formula M O HPNTNP@HBIN (V) O
The reaction of the conpound (IV) or a reactive derivative thereof wth
the conpound (V) is carried out in a solMent or without a solvent. 10 The
reactive derivative of the conmpound (1V) may be the sane type of
derivative, i.e., lower alkyl esters, active esters, acid anhydrides, and
acid halides, as described in the above Process (a). Wen the conpound

(1'V) per se_is useg] the reaction can be carried out in the presence of

the sane c agent as disclosed in the above 15 Process (a). The
solvent to be us may be th s a f_thase IS¢l LN.:t he above
Process (a), and sh9 H%%“Q&@%ﬁé%@%&ﬂﬁ&%’g& Pﬁgb%er‘fﬁéﬁ gleé{gﬁ{elgraeacti ve
derivative of conpoun I etc 0 be used. The reaction is carried out
in the pres%mogp(goggé%}gqmui%MSary. The base may be the sane as any
of those disclegged in the above Process (a), 20 but an excess anount of the
conmpound (V) may\ be used instead of a base. The reaction tenperature

vari es accordi ng t he kinds of the active derivative of conpound (IV)
to be used, HpN ly in the 03/ 097638 PCT/ JP03/ 06051 12 range

of about -30C to—abQut 250C, preferably in the range of about - 10C to
about 150C. OCH3

5 or a reactive derivative thereof with a compound of the following formula

V):

):
0
HoN CN—CHQ—CN—C/,,". O V)
o] .

The reaction of the compound (IV) or a reactive derivative thereof

with the compound (V) is carried out in a solvent or without a solvent.

10 The reactive derivative of the compound (IV) may be the same
type of derivative, i.e., lower alkyl esters, active esters, acid anhydrides,
and acid halides, as described in the above Process (a). When the
compound (IV) per se is used, the reaction can be carried out in the
presence of the same condensing agent as disclosed in the above

15 Process (a). The solvent to be used may be the same as any of those
disclosed in the above Process (a), and should be selected according to
the kinds of the reactive derivative of compound (IV), etc. to be used.
The reaction is carried out in the presence of a base, if necessary. The
base may be the same as any of those disclosed in the above Process (a),

20 but an excess amount of the compound (V) may be used instead of a
base. The reaction temperature varies according to the kinds of the

reactive derivative of compound (IV) to be used, but it is usually in the



The conpound of the fornmula (V) nmay be prepared by the nethod disclosed in
the following Chart 1. Chart 1 /~ Deprotection ~\ L1-NHCN-CH2--( ,NL2
Step 1 L'WBH3f97688 CH2-CNH (D) ~~// ~/ O HO C/n,(J /~ |/ ~prDEpPa/@esli on O
LI-NH -( ,NCH2-( ,N(V) Step 2 v v Step 350 wherein L' and L2 are
protecting groups. Step 2 in the above Gifart 1 is carried out in the sane
manner as in the above Process (a), and Step 1 and Step 3 therein are
carried out in the same nanner as in the process for the renoval of a
protecti ng 10 group as described bel ow. REMOVAL OF PROTECTI NG GROUP: In

or ot ect | ng ISRl EAPHBra0G I 250 Gy BRIFTRRY o teiAnesahaPhlts. The
protecting ﬂ@f&g?@?}g} b&fﬁﬁ %rem)val by hydrolysis 15 includes, for exanple,

et hoxycar bo xycarbon | group, acetyl group, benzoyl group,

trifluoroacetyl up Y,

4-chl or obenzyl oxy ?88ﬂ§po‘éﬁgﬁ tﬁfrﬁﬁlﬁﬁ'ﬂﬁl(%?ﬁ& b%r%%garegmt{%gh esul f onyl
group, or A otecting group capabl e of
removal by Wf #859@%#{%%@ 1%%%@20@%&@%%1 e, 20 benzyl oxycar bonyl
group, 3- or 4-chl orobenzyl oxycarbonyl cgaeyp, or WO 03/ 097638

PCT/ JP0O3/ 06051 13

Deprotection
L1 NH—CN—CHZ—CN—L “eon1 L! NH-CN—CHZ—CNH

(D)

O
1]
H O’CI . (j ‘
Deprotection
|_1 N H—CN—CH Z—CN—C/,,'
{j Step 3

wherein L* and L? are protecting groups.

(V)

Y

Step 2

Step 2 in the above Chart 1 is carried out in the same manner as
in the above Process (a), and Step 1 and Step 3 therein are carried out
in the same manner as in the process for the removal of a protecting

10 group as described below.

REMOVAL OF PROTECTING GROUP:

In Chart 1, the protecting groups represented by L! and L? may
be any protecting groups capable of removal by hydrolysis or
hydrogenolysis. The protecting group capable of removal by hydrolysis

15 includes, for example, ethoxycarbonyl group, t-butoxycarbonyl group,
acetyl group, benzoyl group, trifluoroacetyl group, benzyloxycarbonyl
group, 3- or 4-chlorobenzyloxycarbonyl group, triphenylmethyl group,
methanesulfonyl group, or p-toluenesulfonyl group, and the protecting
group capable of removal by hydrogenolysis includes, for example,

20 benzyloxycarbonyl group, 3- or 4-chlorobenzyloxycarbonyl group, or



benzyl sul f onyl group. The deprotection by hydrolysis nmay be carried out by
a conventional nethod, for exanple, in a suitable solvent under water-

sol ubl e iworogasicss or organi ¢ aci di ¢ or basic agueous condiPCIraRre3/06031 5 under
organic acidic conditions in a suitable solvent. The solvent includes, for
exanpl e, aromatic hydrocarbons (e.g., b ene, toluene, xylene), ethers
(e.g., diethyl ether, tetrahydrofuran, dioxane), hal ogenated hydrocarbons
(e.g., nethylene chloride, chlorofornm), ketones (e.g., acetone, nethyl

et hyl ketone), alcohols (e.g., nethanol, 10 ethanol, isopropanol), ethyl
acetate, acetonitrilJe, . water, and a m xture of these solvents. The acid

SN ol g SN LAk G

(s frrme s el F il i o Bl
SR ADRc e
819t ?sgimu;nbg%(ﬁglﬁr@f%%é%gOggargﬁpf)r}al S Ufouatﬁfs)}_ G4 ecf‘“mrj? at & tenperature
car r$ed outﬁéggg&g%&%g#élgﬁlggﬁgf m?ﬁgg?élﬁgéb%g%@%?ﬁ?dbgﬂggém imra:yt Eg

presence of.a;. &gg,a%oﬁ%xgggﬂg a_tﬂfﬂé(ﬁ’@ h&ﬁ}&&r‘iﬁfrﬁéﬁ %W&ﬂ%?ﬁlgﬁnee‘ nd

hydrogen gas or & dono e. g, amoni u fmate, cy exéne) in

a suitable r@g?gg@he\{g&g@dﬁ@ﬁyﬂ aﬂe&',dﬁétraﬁgarc%%gﬁ' Biolrtghol s (e.g.,

et hanol , acetic acid, dioxane, tetrahydroturan, ethyl

acetate, 2 éif'bgfzﬂ"ﬁ@a droE AR (e ghanbERAEhB R HISrid8Y @hlotof@h),ed out at a
t enper at ur gho r(l?m allg’éjlutr 0OCto a eoz;;urt 80%?ﬁunder at nospheri c V\d 03/ 097638

PCT/ JPO3/ 06Retbnekde. 2! aeetbite, thetidasthpl &Ke83tid); alcohols (e.g., methanol,

10 ethanol, isopropanol), ethyl acetate, acetonitrile, water, and a mixture of
these solvents. The acid includes, for example, inorganic acids (e.g.,
hydrochloric acid, hydrobromic acid, hydroiodic acid, sulfuric acid), and
organic acids (e.g., formic acid, acetic acid, trifluoroacetic acid, p-
toluenesulfonic acid, methanesulfonic acid, oxalic acid). The base

15 includes, for example, an alkali metal hydroxide (e.g., sodium hydroxide,
potassium hydroxide), and an alkali metal carbonate (e.g., sodium
carbonate, potassium carbonate). The reaction is usually carried out
at a temperature of from about 0°C to about 150°C.

The deprotection by hydrogenolysis may be carried out by a

20 conventional method, for example, by reacting in the presence of a
catalyst (e.g., palladium-on-carbon, Raney-nickel), and hydrogen gas or
a hydrogen donor (e.g., ammonium formate, cyclohexene) in a suitable
solvent. The solvent includes, for example, alcohols (e.g., ethanol,
methanol), water, acetic acid, dioxane, tetrahydrofuran, ethyl acetate,

25 and dimethylformamide. The reaction is usually carried out at a

temperature of from about 0°C to about 80°C, under atmospheric



When LI and L2 capable of renoval by hydrolysis are used as protecting
groups, they should be selected fromthose capable of renoval under

di ff erentwomnadteBons. 5 The desired conpound obtai ned i n Poe/Jaces1
Processes can be isolated and purified1 y a conventional nethod such as
chromat o- graphy, recrystallization, or “r'e-precipitation. The conpound (I)
can be obtained either in the formof a free base or in the formof an
acid addition salt thereof, according to the 10 kinds of reaction
conditions. The acid addition salt can be converted into a free base by a

conventional net hod focrl exa‘%’r?pl e, by treating it wth a base such as
al kal i et FTESSHES LAY PR Ral i netal  hydroxide. On the other hand,

65 oot bR PR T R SRR et o o
e L e o e
20 Co 2 - - 4- ani no- 5- - 2- -

20 RO AR BB R e e 2 ety

pi pegidinyl | benzmgafffr@g%@ﬁg%ago@ﬁ@gﬁgagﬁltﬁ%@w@pﬁs&&%%aﬁ p&onpound

of Reference Exa oro-2-nmet hoxy-N-[ 1-]

I-(2-tetr a%@{&kg{%(f ?%Qﬂ‘ik%/d bﬁéa _%fl@éﬁﬂbﬂéﬂ method such as chromato-

met hyl ] - 4- pl peri enzam umarate (an enantionmer of WO 03/097638

PCT/ P03/ 06805yl eckSRAAMIGR), GPFPHBpRattzAm no- 5-Chl or o-2- met hoxy-

The compound (I) can be obtained either in the form of a free
base or in the form of an acid addition salt thereof, according to the
10 kinds of reaction conditions. The acid addition salt can be converted
into a free base by a conventional method, for example, by treating it
with a base such as alkali metal carbonate, or an alkali metal
hydroxide. On the other hand, the compound (I} in the form of a free
base can be converted into an acid addition salt thereof by treating it
15 with various acids in a conventional manner.
The test results on the pharmacblogical activities of the present
compound are as follows.
Test Compounds:-
(1) Present compound
20 Compound 2 (Compound of Example 2): (S)-4-amino-5-chloro-2-
methoxy-N-[1-[1-(2-tetrahydrofurylcarbonyl)-4-piperidinylmethyl]-4-
piperidinyl]benzamide - fumarate
(2) Reference Compound
Compound R (Compound of Reference Example 2): (R)-4-amino-
25 5-chloro-2-methoxy-N-[1-[1-(2-tetrahydrofurylcarbonyl)-4-piperidinyl-

rﬁethyl]-4—piperidinyl]benzamide - fumarate (an enantiomer of



hydr opyr anyl car bonyl ) - 4- pi peri di nyl net hyl ] - 4- pi peri di nyl ] benzam de
fumarate 1/4 hydrate (Conpound of Exanple 5 of JP-A-2000-80081), 5 Mp.
235-237C woasnyssal | i zed from et hanol ) Conpound B: 4-am n@ChAaet/@psr- N-[ 1-]
| - (2-furoyl)-4-piperidinyl- nethyl]-4-piperidinyl]-2-nmethoxybenzam de
fumarate 1/2 hydrate (Conpound of Exan]%ee 19 of JP-A-2000-80081), M p.
179-181C (recrystallized fromethanol) 10 Conpound C ( Conpound of

Ref erence Exanple 3): 4-am no-5- chloro-2-nethoxy-N[ 1-]

1- (3-tetrahydrofuryl carbonyl) - 4-pi peri di nyl -

nmet hyl ] - 4- pégeri di n%lé benzam de fumarate (a racem c conpound wherein the
substit uti orOPHUR )of tetrahydrofuran is different from the present

conmpound) 15 (3) &‘gst r Qi na 23_?4_nal. no ::flrl,lllhg [ _—rr]r?er}%%%y%—[q@[sf—fﬁit@ﬁ%ti nal

proki netic agent

4- ?rri n?;]S- iwréé{)ﬁ%-[ 5; (ﬁ\l e%%yl?g%nﬁ% e‘% hylWﬁB?t%xyﬁ_eﬁzam MH’,

?/gcg tordgilhlI h%ggé%%?/@‘é-%%é&rg%gﬁ%?%ﬁ?%@és27gﬁgmt Re4p$2p;r:%i on of
2 "modi 1 ed. met hoaD R p A EEhaR 5 AL A AR A IR pibergay na To
03/097638 P&E’tﬂg’ﬁ%‘gﬁg%qg%]-ghﬁ{é’fﬁsﬁybené&%id@ 180f2tatd 993 hptsatear t| ey

gui nea pigs wel were decapitated, and the brain thereof was
i mredi at el y(dGkpBudid of RREnHIE B bf SPUMYEE0-80081), M.p. 179-181°C

(recrystallized from ethanol)

10 Compound C (Compound of Reference Example 3): 4-amino-5-
chloro-2-methoxy-N-[1-[1-(3-tetrahydrofurylcarbonyl)-4-piperidinyl-
methyl]-4-piperidinyl]benzamide - fumarate (a racemic compound
wherein the substitution position of tetrahydrofuran is different from
the present compound)

15 (3) Gastrointestinal motility enhancer or gastrointéstinal prokinetic
agent:

Cisapride: [Chemical name: cis-4-amino-5-chloro-N-[1-[3-(4-
fluorophenoxy)propyl}-3-methoxy-4-piperidinyl]-2-methoxybenzamide;
cf., Merck Index, 12 ed., 2377 (1996)]

20 Metoclopramide: [Chemical name: 4-amino-5-chloro-N-[2-
(diethylamino)ethyl]-2-methoxybenzamide; cf., Merck Index, 12 ed.,
6226 (1996]]

Experiment 1: Serotonin 4 (5-HT,) receptor binding assay

5-HT, receptor binding assay and the preparation of 5-HT,
25 receptor membrane fractions therefor were carried out according to a

modified method of the method of Grossman et al., British J.



di ssected. To the tissue thus obtained was added 15-tines volunme of 5 Hepes
buffer (50 MM pH7.4, 4C), and the m xture was honogenized in a Teflon
honogeni 2&0,03avm3&ent ri fuged at 48,000 x g at 4C for 15 mCARUPERW60The

pel l et thus obtained was suspended in t sane Hepes buffer in a volune of
1 mM per 30 ng of the wet tissues to gi receptor nmenbrane fractions. 10
I n assay tubes, the Hepes buffer (50 MM pH 7.4, 4C, 1 m) containing 0.1
nM [ 3H] - GR113808 (GR1 13808: [1-[2-(nrethylsul fonyl- am no) ethyl]
-4-piperidinyl]nmethyl 1-nethylindol e-3-carboxylate), the receptor nenbrane

St or 30 Blafiiddtl ﬁ;@feﬁ?é%%”&;%ﬁot&mﬁéﬁt oy Fanrd vacugn.ed &

m) ¢ hrough what e el e Weigithe Yl Mo Boted, ° " ¢
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sol ution of polyet en m ne e radi oactivity ilter

was determig ]f}llﬁé t?s%u%cﬂ}ﬂié {)b?élh%@ &ﬁ&'&t [Riela ?g-ti“’mkbgz‘éhﬁ’m

scintill atlon count er. e concentratron o est’ conpounds causing 50 %
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i n,
det er m ned |to y raté st conpound agal nst t speci

bi ndi ng whi g éaya&féb&éﬁﬁﬁﬂu@@dtite49%§ﬁegtaf HGC%P@['SHQ 25 from
t he total [3H] GR11380 binding. The results are shown I n Table . WO

03097638 FRTAUEES/ OBAE bellbT thal dbrhind % Spéndéd 'fﬂ-@lers‘éﬁ%’![{épé%' ndi ng
activity Test Conp. 1C50 (nM Conpound 2* 13 Ci sapride 23.

buffer in a volume of 1 ml per 30 mg of the wet tissues to give receptor

membrane fractions.

10 In assay tubes, the Hepes buffer (50 mM. pH 7.4, 4°C, 1 ml)
containing 0.1 nM [*H]-GR113808 (GR113808: [1-[2-(methylsulfonyl-
amino)ethyl}-4-piperidinyljmethyl 1-methylindole-3-carboxylate), the
receptor membrane fraction, and either test compound or 30 uM
serotonin was incubated at 37°C for 30 minutes. The reaction was

15 terminated by rapid vacuum filtration and washing with ice-cold 50 mM
Tris-HCI buffer (pH 7.7, 3 X 4 ml) through Whatman GF/B filter paper
using a Brandel cell harvester. Prior to the filtration, the filter to be
used was presoaked in a 0.1 % solution of polyethylenimine for one
hour. The radioactivity on the filter was determined with ACS-II

20 scintillation cocktail by a liquid scintillation counter.

The concentration of the test compounds causing 50 %
inhibition of specific binding of the [°H]-GR113808 (IC,,value) was
. determined by inhibitory rate of the test compound against the specific
binding which was obtained by subtracting the non-specific binding

25 from the total [*H]-GR113808 binding. The results are shown in Table -

1.



*: The conmpound of Exanple 2 As is shown in Table 1, the IC50 val ue of the
present conpound indicated that the present conpound shows a nore potent
af finity Wwor03%97638 HT4 receptor than cisapride.. Experi nenPCIJIrupasi ne D2
receptor binding assay Dopam ne D2 receptor binding assay and the
preparation of receptor nenbrane fractiohs therefor were carried out

according to a nodified nmethod of the nethod of Creese, |. et al., Eur. J.
Pharmacol ., 10 46, 337 (1977) and Peroutka, S.J. and Ham k, A., Eur. J.
Pharmacol ., 148, 297 (1988). Crude synaptosone nenbrane fractions fromrat

brain was used as ceptor nenbr ction nd J[.3H] spi perone (D2) was
used as a | abel ed ﬁlfﬁbﬁeng Rr%mﬁr‘fl?g‘llﬁad r@S‘Fl?J%:ader[lﬁ"gl‘ngW&Xi ning a
receptor 15 nmenbrahe fragkl d a labelled lkga erefor wap incubated
for a prescribed perio ‘thQW ‘presence of a ;I@ n((il%\ho)hrrpound in jparious
concentrations, ang—thg Tadroactive figand bf nal ng 0 the Treceptor was
separated on the fjltdromRMNdding & cell harved (manuf act uf ed by

Brandel ). The radipactivity o the fifter was defLgrnined by a IJquid 20
scintillation counter, é#féX‘PFﬂré'let ot al | bi ndi ng of {239(57} igand to the receptor

was det erm',uedTtho o Th A R RmIE non-speciiic binding was determ ned
in the presence of amn excess am)u;?t of non-|abeled ligand (spiperone

bCT) 3p03 06081 - T iR Spaderf . gRkdhepitin Pt Ra¢ Bfcarte g °
bi nding of TRuCafert Bt B¢ pERER CpEOLHE ndls S B by EhR alimBRaEr s~

nmet hgd. They: iy Table 2. 5 Table 2: Dopam ne D2 receptor
et e Gkkbfor it BRpride.

Experiment 2: Dopamine D, receptor binding assay

Dopamine D, receptor binding assay and the preparation of
receptor membrane fractions therefor were carried out according to a
modified method of the method of Creese, 1. et al., Eur. J. Pharmacol.,

10 46, 337 (1977) and Peroutka, S.J. and Hamik, A., Eur. J. Pharmacol.,
148, 297 (1988).

Crude synaptosome membrane fractions from rat brain was
used as a receptor membrane fraction, and [°H]spiperone (D,) was used
as a labeled ligand. A buffer (final volume: 1 ml) containing a receptor

15 membrane fraction and a labelled ligand therefor was incubated for a
prescribed period in the presence of a test compound in various
concentrations, and the radioactive ligand binding to the receptor was
separated on the filter paper using a cell harvester (manufactured by
Brandel). The radioactivity on the filter was determined by a liquid

20 scintillation counter, and the total binding of the ligand to the receptor
was determined. On the other hand, the non-specific binding was
determined in the presence of an excess amount of non-labeled ligand

(spiperone (D,)), and the specific binding was obtained by subtracting



Test Conp. 1C50 (nM  Conpound 2* > 10000 Conpound R 948 Met ocl opram de
480 Cisapride 390 *: The conpound of Exanple 2 In the dopam ne D2
recept or Wondiosgdgassay, the I C50 value of the present comp@URE/(6851TOr €

t han 10000 nM which neans that the present conpound hardly shows affinity
for dopam ne D2 receptor. On 10 the ot hekS hand, the 1C50 value of the (R
optical isoner (Conpound R), which is an enantioner of Conpound 2, is 948
nM whi ch nmeans that Conpound R shows an affinity for dopam ne D2 receptor
although it is somewhat weaker than those of netocl opram de and cisapri de.

P O T
e e L T
or2ocl! LAt S0 420 SRl SR ERIER i brabOube iy "ofhcbr o 1o

suspended in a 03/09763 03/ 06051 19 0.5 % tragacanth sol ution,
was admi ni sYeesrngg%'F%ls ng%} ﬁ\gﬁg €. The fecal pellets were collected at

30, g0 and 120 m nute . . NENe : 3 nd, and
wei ghed. The statisti?ﬁlfg%q{?rgﬁ?n{gégg?%ca \(t/’f)r P & et ween the
0.5

5 control group (tteat elsgé@/ié 0. 0 t ragacangd 5(91I1\;y)tion) and t he test
conpound-treated group, and defern néd by Dunneti™ s test. The
Compound 2* >10000
Compound R 948
Metoclopramide 480
Cisapride 390

*:  The compound of Example 2

In the dopamine D, receptor binding assay, the ICy, value of the
present compound is more than 10000 nM, which means that the
present compound hardly shows affinity for dopamine D, receptor. On

10 the other hand, the IC,, value of the (R) optical isomer (Compound R),

which is an enantiomer of Compound 2, is 948 nM, which means that
Compound R shows an affinity for dopamine D, receptor although it is
somewhat weaker than those of metoclopramide and cisapride.

Experiment 3: Assay on defecation in mice

15 Male mice of Std-ddY strain weighing 25-30 g were used. Free
access to food and water was allowed up to the beginning of the
procedure.

The mice (each group: five mice) were placed in a mesh bottom
cage for fasting, and they were allowed a period for acclimatization to

20 the new environment of about one hour prior to the start of the

experiment. A test compound, which was previously suspended in a



results are shown in Table 3. Inactive +: Mderately stinulated (P<0.05)
10 + +: Markedly stinulated (p<0.01) Table 3 Assay on defecation in mce
Test Conpwobesemgas (ngy/ kg) Effect 1.0 ++ Conpound 2* 3. 0Pe€FJIPQ@uwpaiund R
1.0 ++ 3.0 ++ 1.0 Conpound A 3.0 - 10, +#4+ 1.0 + Conpound B 3.0 + 10 ++
Conpound C 1.0 + 3.0 ++ - Cisapride 3. o0t%0 - *: The compound of Exanple 2
As is shown in Table 3, the present conpound (Conpound 2) showed a potent
enhancing activity of defecation at a dose of either 1.0 15 ng/kg or 3.0
ng/ kg. On the other hand, the conpound of Exanple 5 of JP-A-2000-80081

(Z(C):o mpound AB)E)S E'/c?\f\legga%%n%{'xf so h%io%r,] v&crjaeg ga?rtliin?&e?éd \(/)\11) 3:;’/t8 %ﬁ%Bn%ic%qT/ T3/ 06051
fecal pellets were collected at 30, 60 and 120 minutes after the
treatment of a test compound, and weighed.

The statistical judgment of efficacy was carried out between the
5 control group (treated with a 0.5 % tragacanth solution) and the test
compound-treated group, and determined by Dunnett’s test. The

results are shown in Table 3.

— Inactive
+: Moderately stimulated (P<0.05)
10 ++:  Markedly stimulated (p<0.01)
Table 3 Assay on defecation in mice
Test Comp. Dosage (mg/kg) Effect
1.0 ++
*

Compound 2 3.0 .
1.0 ++

. Compound R 3.0 ot
1.0 -

Compound A 3.0 -
10 ++

1.0 : +

Compound B 3.0 +
10 ++

1.0 +
Compound C 30 oy

. . 3.0 , -
Cisapride 30 i

*:  The compound of Example 2
As is shown in Table 3, the present compound (Compound 2)
showed a potent enhancing activity of defecation at a dose of either 1.0
15 mg/kg or 3.0 mg/kg. On the other hand, the compound of Example 5
of JP-A-2000-80081 (Compound A) showed no effects on defecation at



both doses of 1.0 ng/kg and 3.0 ng/ kg, and the conpound of Exanple 19 of
sai d publication (Conpound B), showed an enhancing effect of defecation,
but the eWbaswotsher eof was weaker than that of Conpound 2PCAIIPIBHNEGH
Compound C (racem ¢ conpound), which is different from 5 the present
conpound in the substitution position oY he tetrahydro- furan ring, showed
an enhancing effect on defecation at a dose of 3.0 ng/kg, it was not as
strong as that of the present conpound. In addition, cisapride did not
show any enhancing effects on defecation at 3.0 ng/kg, and even at a high
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one hour orggtphgg/g RAEedeAht d hesVdods/dIBP a8 ALd/ JP03/ 06051 21

measur enent was continued for 2 hours after the adm nistration of test
10 Experiment 4: Gastrointestinal motility activity in conscious dog

Male beagle dogs were anesthetized with pentobarbital, and the
abdominal cavity was opened, and force transducers (F-12185;
manufactured by Star Medical Inc.) were sutured onto the
seromuscular layer of the colon to make it possible to measure circular
15 muscle contractions. Three or four force transducer were sutured onto
in the colon from the lower part to the upper part at regular intervals.
The lead wires from the transducers were brought out outside the body
through a skin incision made between the scapulae, and were protected
in a package of a jacket protector. The gastrointestinal motility activity
20 was measured 2 or 3 weeks after the operation. The lead wires from
the force transducers were connected with a telemeter system (DAS-
800T: manufactured by Star Medical Inc.), and the gastrointestinal
motility activity was analyzed by a personal computer system connected
therewith and recorded. A test compound was suspended in a 0.5 %
25 tragacanth solution, and administered via a cannula to be placed in the

stomach to the dogs, after one hour or more from feeding. The



conpounds. The nunber of dogs show ng G ant Mgrating Contraction (GW)

and defecation within 2 hours after the adm nistration of a test 5 conpound
i s i ndi cawvedsireIabl e 4. Table 4 Gastrointestinal notilitpCagridicdy i n dogs
Nunber to dogs Number of dogs Dosage h showed whi ch showed Test
conmpound (ng/kg) GMC /total defecation/ éﬁtal nunber of dogs nunber of dogs
to be tested to be tested Control*2 0/5 0/5 0.03 1/4 1/4 Conpound 2*1 0.1
3/5 2/5 0.3 4/5 3/5 Cisapride 10 1/7 1/7 * 1. The conpound of Exanple 2
*2: Control: 0.5 % Tragacanth sol ution was admi ni stered *3: GIVC (G ant

M grating Contractlori G ant .cont ct wave ailn rom ﬂq upper
part “of | hemeerIPwassnmtad 16t 2l Shten e A\
the present co oun(f i nduced GMC at Iow doses of 0.1 rrg/ kg and 0.3 ng/ kg
in the gast P Shal not i Iity test on the dogs, and an enhanci ng effect
of defecation was, Iso 1%%

shows effects of q\%d%}écg\?}rt&ﬂ&é%%ﬂ?/Qg?%t'?ﬁgéﬁdrg@@ghgﬁ ?%VI%/ kg.
53??21;{“2?fépd%%?&ﬁ@ﬁv?tﬁ&ﬁg‘)%ﬁﬁﬁ% AR PSRN of Fest 7 i i g

350- 300 g “?é@g’ %&@@ﬁﬁ&%&%&%"l‘aﬂew ethan (1.5 g/kg, |p) * Under

artificial I On
Table 4 Gastrointestinal motility activity in dogs

Number to dogs | Number of dogs
Dosage which showed which showed
Test compound (m /alf ) GMC*?/total defecation/ total
8/ X8 number of dogs | number of dogs
‘ to be tested to be tested

Control*? 0/5 0/5
0.03 1/4 1/4
Compound 2*! 0.1 3/5 2/5
0.3 4/5 3/5
Cisapride 10 1/7 1/7

*1: The compound of Example 2

*2: Control: 0.5 % Tragacanth solution was administered.

*3: GMC (Giant Migrating Contraction): Giant contraction wave
10 migrating from the upper part of the colon to the lower part of the

colon

As is shown in Table 4, the present compound induced GMC at
low doses of 0.1 mg/kg and 0.3 mg/kg in the gastrointestinal motility
test on the dogs, and an enhancing effect of defecation was also

15 observed. On the other hand, cisapride hardly shows effects of
enhancing of defecation even at a high dose of 10 mg/kg.

Experiment 5: Effect on electrocardiogram in guinea pigs (QTc: QT

interval corrected for heart rate)
Male guinea pigs of Std-Hartley strain weighing 350-500 g were

20 anesthetized with urethan (1.5 g/kg, ip). "Under artificial respiration, a



WO 03/097638 PCT/JP03/ 06051 22 test conpound was continuously infused

I ntravenously to the guinea pigs for 15 mnutes at a flowrate of 0.2

m / kg/ m nwo cangreshe nmaxi num dose was set at 30 ng/ kg, anaCTheoIPresmas
calculated fromthe electrocardiogramby the followng equation. 5 QC =
QI (sec ond) RR(sec ond) QI (second): tizV?e fromthe beginning of Qwave to
the end of T-wave in electrocardiogram (usually, expressed by "second")

[ Expert Nurse, Vol. 3, No. 13, extra nunber of Novenber, p. 19 (1987)] RR
(second): time fromthe peak of R-wave to the peak of the next R~ 10 wave
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gastrointestinal notility e cin cikivity (gastrointestinal prokinetic
actigity), certain WO 0@2&92@@(‘%&'?%5@ R )
secon

QT (second): time from the beginning of Q-wave to the end of T-wave in
electrocardiogram (usually, expressed by “second”) [Expert Nurse, Vol. 3,
No. 13, extra number of November, p. 19 (1987)]
RR (second): time from the peak of R-wave to the peak of the next R-
10 wave in electrocardiogram (usually, expressed by “second”).

The analysis of the electrocardiogram QTc was carried out by
using Fluclet® 3.0 (manufactured by Dainippon Pharmaceutical Co.,
Ltd.), and the dose to be required to prolong the QTc intervals by 5 %

(ED,,) was calculated. The results are shown in Table 5.

15 Table 5 Effect on electrocardiogram in guinea pigs (QTc)
Test compound ED,,, iv (mg/kg)

Compound 2* 24.9
Compound R 17.4
Compound A 16.9
Compound B 3.2
Compound C 9.4

Cisapride 0.3

*: The compound of Example 2
Among the compounds showing a gastrointestinal motility

enhancing activity (gastrointestinal prokinetic activity), certain



23 benzam de-type conpounds represented by cisapride have been known to

di sadvant ageously affect the heart. Consequently, as an index for

eval uat i ryotobe9wBs ects on the heart, a dose to be requiredcCrarm@hiing t he
Qfc intervals by 5 % of the el ectrocardi ggram (ED5% in guinea pigs was 5
measur ed, which has w dely been used. s shown in Table 5, the ED5%

val ue of cisapride for the QIc intervals of electrocardi ogramin gui nea
pigs was quite low, i.e., 0.3 ng/kg, and on the other hand, the ED5% val ue
of the present conmpound was high, i.e., 24.9 ng/kg, and fromthese
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e di’f‘}deﬁgé‘ﬁléaf W%Eﬁ#?ase(n;ﬁ& o hggdheart. In 20 addition, Conpound

C bg f e preéesent conpound only in the substitution
position of the tgLr %Rxﬂ; ; L RY, nt bt it al s,
al t hough bei ng no‘f%ég S rongﬁgsgﬂé%%gﬁﬁ?lg?% bé&%ﬁ?ﬂ%@% ?gi: Acut;Heé Qggi city
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was high, i.e., 24.9 mg/kg, and from these results, the present
10 compound can be considered to show a minimal effect on the heart at a
clinical dose.
On the other hand, the ED, value of the compound of Example
5 of JP-A-2000-80081 (Compound A) was comparatively high, i.e., 16.9
mg/kg, but as is shown in Experiment 3 as mentioned above, the
15 gastrointestinal motility enhancing activity of the compound was quite
weak, and hence, this compound cannot satisfy the object of the
present invention. Furthermore, the EDy, value of the compound of
Example 19 of said publication (Compound B) was low, i.e., 3.2 mg/kg,
suggesting that Compound B has serious effects on the heart. ' In
20 addition, Compound C, being different from the present compound only
in the substitution position of the tetrahydrofuran ring, potently
prolonged QTc intervals, although being not as strong as Compound B.
Experiment 6: Acute Toxicity
Male mice of Std-ddY strain Weighing425-30 g were used in a
25 group of 5 or more animals. A test compound was suspended in

physiological saline solution or a 1 % lactose solution and administered



intravenously to the mce. Then, the lethality of the mce was observed
for 7 days after the treatnent, and 50 % | ethal dose (LDSO was

det er m newO 0Flog76B$50 val ue of the present conmpound was noPETHREN60200

ng/ kg. 5 As is shown in the results of él&e above phar macol ogi cal
experinments 1 to 6, the present conpound™only showed the follow ng good
results. (1) The present conpound showed a nore potent affinity for 5-HT4
receptor in participating in gastrointestinal notility enhancing activity
10 than cisapride. (2) The present conpound showed a renar kabl e enhanci ng
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prospective%g(li)ilg#‘?%% dose, the present compound can be considered to 20
show a m ni t on the heart. (5) The present conpound showed the
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it showed a quite opam eceptor. at is, it can

be consi de;éé%grﬁrﬁghfﬁhetooée@?@bn@@ém%m DU ollfy §h9§f{:ﬁftflfecf’o§lo‘0&ih r espect

to the 25 receptor "antagoni stic activity. (6) The presént
conmpound ¢ r%ngg_der ed not to have a problem WD 03/ 097638
PCT/ JP03/ 0 1 Wth respect to toxicity because it has an LD50 val ue of

hore t 'han 299 The present compound showed a more potent affinity for 5-HT,

receptor in participating in gastrointestinal motility enhancing activity

10 than cisapride.
(2) The present compound showed a remarkable enhancing activity
of defecation in the mice by oral administration at a dose of 1.0 mg/kg.
(3) The present compound induced GMC in more than half of tested
animals at a low dose of 0.1 mg/kg and furthermore showed an

15 enhancing activity of defecation in the gastrointestinal motility
enhancing activity on dogs.
(4) The present compound showed a sufficiently large ED,, value in
the electrocardiogram test (QTc) in guinea pigs. Thatis, ata
prospective clinical dose, the present compound can be considered to

20 show a minimal effect on the heart.
(5) The present compound showed the ICy, value of more than
10000 nM in the dopamine D, binding assay, i.e., it showed a quite
weak affinity for dopamine D, receptor. That is, it can be considered
that the present compound shows no side effects with respect to the

25 dopamine D, receptor antagonistic activity.

(6) The present compound can be considered not to have a problem



ng/ kg. As is explained above, the present conpound and a pharnmaceutically
acceptabl e acid addition salt thereof show (1) a potent 5 affinity for

5- HT4 r ecwptoot9766®2) gastrointestinal notility enhanci ng efPCe&aPoxusost as
enhancing activity of defecation by oral_adm nistration in the aninal
tests, (3) a quite mninmal effect on t héheart, and (4) no antagonistic
activity on dopam ne D2 receptor, which is a cause of side effects, and
hence, the present conmpound and a pharmaceutically 10 acceptable acid
addition salt thereof can be used in the treatnent or prophylaxis of
gastrointesti di s s _or. di sorder s a _selective 5:HT4 ece, r

agoni st. EsP 1&@%&?0%?%2 g’dh?c%%% o id é‘ﬁ’dﬂgso PR AT éhﬁﬂ/&tﬁ

accept abl e a %gaddl tion salt thereof show an excellent notility enhancing
activity f o | ower gastrointestinal tract 15 such as an enhanci ng
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above ment i gmedsgast énéE thictesént diepounithndiasgRannaseaticallygastric or

duodenal ul cer, scleroderma, diabetes,
10 acceptable acid addition salt thereof can be used in the treatment or

prophylaxis of gastrointestinal diseases or disorders as a selective 5-HT,
receptor agonist. Especially, the present compound and a
pharmaceutically acceptable acid addition salt thereof show an
excellent motility enhancing activitjr for the lower gastrointestinal tract

15 such as an enhancing activity of defecation, and hence, they can be
used in the prophylaxis or treatment of gastrointestinal diseases such
as irritable bowel syndrome, flaccid constipation, habitual constipation,
drug-induced constipation (e.g., constipation induced by morphine, or a
psychotropic), or as a pretreatment of endoscopy or X-ray examination

20 by injection of barium into the colon, or in the treatment or prophylaxis
of gastrointestinal diseases such as acute or chronic gastritis, reflux
esophagitis, gastric or duodenal ulcer, gastric neurosis, paralytic ileus
after surgery, senile ileus, postgastrectomy syndrome and intestinal
pseudo-obstruction, as well as in the prophylaxis or treatment of

25 anorexia, nausea, vomiting, abdominal fullness, upper abdominal

discomfort, visceral pain, heartburn and eructation which are



biliary duct disorders, etc. Mreover, the present conpound and a

phar maceutically acceptable acid addition salt thereof can be used in 5 the
t r eat mentworo3pemphyl axi s of central nervous di seases (e.gPCT/ABeHicaBIphr eni a,
depression, nenory disturbance, anxiety),or urinary diseases (e.qg.,
urinary disturbances such as dysuria ac anied by urinary obstruction,
prostatonegaly). Thus, the present conpound and a pharnmaceutically
acceptabl e acid addition salt thereof can be 10 used in the treatnent or
prophyl axi s of various diseases, especially gastrointestinal dysfunction
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the present ‘I nvention ca er orally, “enterally or

rectal ly.  Theni9apRrohid ok esmieNdaelory MsHPIASRI i) bpruiAalPs

according to t I nds "of "t he cofnpound,“the adm nistration routes, the

condi ti ons, d%ﬁ%e@f(e.gh,euﬂﬁh}g@i&urﬁa‘hoestﬁﬁcﬂ bsidystiridladabhpdied i, r ange
of 0.01-5 ng/kg/day, preferably in the range of "0.05-1 ng/kg/day. "WO
03/ 097638 PGHinHrQHHMBRdtion, prbstatomieguly. oTHUY; thegseRent R¥aiPpd@Adand a
pharmaceutical |y  acceptable acid addition salt thereof are usually
admi ni st er eghdr pharndzetitifally abeptabiibticbhd@itpasalt thrrevhcah bes
prepared by m xi ng

10 used in the treatment or prophylaxis of various diseases, especially

gastrointestinal dysfunction accompanied by the above-mentioned
diseases, or especially the treatment, etc. of digestive diseases or
various diseases as mentioned above, and hence, they are useful as a
gastrointestinal motility enhancer (gastrointestinal prokinetic agent).

15 Especially, as shown in the above pharmacological experiments,
the present compound shows a potent 5-HT, receptor agonistic activity
and a potent enhancing activity of defecation without showing any
antagonistic activity on dopamine D, receptor, which may cause side
effects, and hence, the present compound shows an excellent

20 usefulness such as quite few side effects on the heart.

The compound of the present invention can be administered
either orally, parenterally or rectally. The dose of the compounds of the
present invention varies according to the kinds of the compound, the
administration routes, the conditions, ages of the patients, etc., but it is

25 usually in the range of 0.01-5 mg/kg/day, preferably in the range of
0.05-1 mg/kg/day.



thereof with a pharnmaceutically acceptable carrier or diluent. The 5
phar maceutically acceptable carrier or diluent may be any conventi onal
ones usuawby3g®as i n t he pharmaceutical field, and do not pcedeos/mnith t he
conmpound of the present invention. Suit e exanpl es of the
pharmaceutically acceptable carrier or uent are, for exanple, |actose,
I nositol, glucose, mannitol, dextran, sorbitol, cyclodextrin, starch,
partly 10 pregel atinized starch, white sugar, magnesium netasilicate
alum nate, synthetic aluminumsilicate, crystalline cellul ose, sodium
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acid, citrignacha HENAY d%%ﬂg%hanﬂgeeaﬁtgl ﬁ&ie(i;,jé:alﬂirﬁgi 1 Rt Rvikh the

p- hydr oxybenzoat'e, propyl p-hydroxy- benzoate, armaceut 1 cal

prepar ati Oncéﬁlfs[)oflﬁ{d %f%ﬁ@'gfri(eg{:]ﬂpirﬁ}eﬁltio@? SARIWIE ExaMR8Y b Fhe POWIET S,

Syrups, suspensions, Inje prepar ati ons, suppositories, nasal drops,

pat ches, sughhpgii@leutfedy AepabRIAIBSIPENDENE %e{)f&@feﬁhb%} SacRisk,

These preparations nay bé prepared by a conventional nethod. In the
prepar at i onjsitdldBliflfose! heasABOUAEk®AN, 56FHiEGIE e§BlodeRVER] sEirdiR h€ly
di ssol ved or suspended in water or a sultable other solvent, when

adni gi st er efregdeadtifizedasthrehatilies sigdr, magnesium metasilicate aluminate,

synthetic aluminum silicate, crystalline cellulose, sodium carboxy-
methylcellulose, hydroxypropyl starch, calcium carboxylmethyl cellulose,
ion exchange resin, methylcellulose, gelatin, gum arabic, pullulan,
hydroxypropyl cellulose, low substituted hydroxypropyl cellulose,

15 hydroxypropylmethyl cellulose, polyvinylpyrrolidone, polyvinyl alcohol,
alginic acid, sodium alginate, light anhydrous silicic acid, magnesium
stearate, talc, tragacanth, bentonite, veegum, carboxyvinyl polymer,
titanium oxide, sorbitan fatty acid ester, sodium laurylsulfate, glycerin,
glycerin fatty acid ester, purified lanolin, glycerogelatin, polysorbate,

20 macrogol, vegetable oil, wax, water, propyleneglycol,. ethanol, sodium
chloride, sodium hydroxide, hydrochloric acid, citric acid, benzyl alcohol,
glutamic acid, glycine, methyl p-hydroxybenzoate, propyl p-hydroxy-
benzoate, etc.

The pharmaceutical preparation is, for example, tablets,

25 capsules, granules, powders, syrups, suspensions, injection

preparations, suppositories, nasal drops, patches, sublingual



5 be coated by a conventional nethod. These preparations nmay contain the
conpound of the present invention or a pharnaceutically acceptable acid

addi ti on wealos/o9tses eof at a ratio of at |east 0.01 % by wecgheros/@osf er abl y

at aratio of 0.1-70 % by weight, base% on the whol e wei ght of the
preparation. These 10 preparations may

effective conpounds as well. Enbodinents of the present invention are
illustrated in nore detail by the follow ng Reference Exanpl es and
Exanpl es, but should not be construed to be limted thereto. The

i dentification of the 15 conpounds is carried out by Ele tal anal ysis,
Mass spect rmﬁpalrﬂtm?ﬁe@??'um%ﬁ? BER4aY mnselg@yuﬁgﬁgpgrggy@par ation of
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as a white solid. m xture o f ve conpound (3.2
(S)-tetrahygy fiHr(ﬁLEtlzléagﬁbt?@ﬂ%'tﬁr *eight( iar_éf&hblgf at a ratio of 0.1-70 % by

1- et hyl - 3- (3-di et hyl am nopr opyl ) car bodi i m de hydrochl oride (2.5 Q),
chl or of or m & tMohskd oif thé Sfhalk wEigh of the preparation. These

10 preparations may also contain other therapeutically effective
compounds as well.

Embodiments of the present invention are illustrated in more
detail by the following Reference Examples and Examples, but should
not be construed to be limited thereto. The identification of the

15 compounds is carried out by Elemental analysis, Mass spectrum, IR
spectrum, NMR spectrum, etc.

Example A
Preparation of 4-amino-1-[1-(2-tetrahydrofurylcarbonyl)-4-piperidinyl-
methyl|piperidine:

20 (1) To a solution of 1-(1-benzyloxycarbonyl-4-piperidinylmethyl)-4-
(t-butoxycarbonylamino)piperidine (10.0 g) in ethanol (100 ml) and
water (10 ml) is added a 10 % palladium-on-carbon (1.2 g), and the
mixture is reduced at a room temperature under at a moderate pressure
(3.0 kg/cm?). After the consumption and disappearance of the starting

25 compound is confirmed (about 2 hours thereafter), the catalyst is

removed by filtration. The filtrate is evaporated under reduced

and



tenperature for 15 hours. The reaction solution is washed successively
with a small anmount of saturated aqueous sodi um hydrogen carbonate

sol uti on wod3@oseml | anmount of saturated brine, and dri edtCoweos/@nstydr ous
magnesi um sul fate. The solvent is 10 evaporated under reduced pressure, and
the resulting oily product is purified silica gel colum chromatography
(eluent; ethyl acetate: nethanol = 9:1) to give
(S)-4-(t-butoxycarbonylamno)-1-[ 1-(2-tetra-

hydr of uryl car bonyl ) - 4- piperidinylnethyl]piperidine (2.1 g as a solid. (3)
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PCT/ JPO3/ 06 ﬁ@@vel @H' sﬁndﬂ ﬁﬁﬁﬁfﬁﬁ Qf"sé’cfurated aqueous sodium
(S)-4-am no- or o- 2- oxy-N-[ 1-[ I-(2-tetrahydro- furyl carbonyl)
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and dried over anhydrous magnesium sulfate. The solvent is

10 evaporated under reduced pressure, and the resulting oily product is
purified by silica gel column chromatography (eluent; ethyl acetate:
methanol = 9:1) to give (S)-4-(t-butoxycarbonylamino)-1-[1-(2-tetra-
hydrofurylcarbonyl)-4-piperidinylmethyl]piperidine (2.1 g) as a solid.
(3) To a solution of the above product (2.1 g) in methylene chloride

15 (50 ml) is added trifluoroacetic acid (3 ml), and the mixture is stirred at
room temperature for 1 hour. The solvent and the excess amount of
trifluoroacetic acid are concentrated to dryness under reduced
pressure. Toluene is added to the residue, and the solvent is
evaporated again under reduced pressure. Chloroform is added to the

20 residue, and thereto is further added a small amount of 30 % aqueous
potassium carbonate solution, and the mixture is vigorously stirred at
room temperature. The organic layer is separated, and the aqueous
layer is extracted twice with chloroform. The organic layers are
combined and dried over anhydrous magnesium sulfate. The solvent is

25 evaporated under reduced pressure to give the desired compound (1.6 g)

as an oily product.



0--CIN--~-CNHO 5 H2'en CH3 A mixture of (S)-tetrahydrofuran-2-carboxylic
acid (7.4 g), 4- am no-5-chloro-2 -nethoxy-N [ 1-(2-piperidinylnethyl)

- 4- pi per iwDrgl0y7638 benzam de (20 g), PCT/JP03/06051

1- et hyl - 3- ( 3-di net hyl am nopr opyl ) car bodi hydrochl oride (13.1 g), and
chloroform (200 M) is stirred at room terrperature overni ght. The
reaction solution is washed twice with an aqueous sodi um hydrogen
carbonate solution (50 m), and dried over anhydrous nagnesium sul f ate.

The solvent is evaporat ed under reduced pressure, and to the resulting
residue is ﬁdded et]h acetate (50 m), and the mxture is stirred at room
t enper at ur e2X8MPIE b ecinitated crystals are collected by filtration under

Eid‘icegopﬁn Febafngiotl Ph S A i Rl e s R LS B 558
ppﬁ) 0 o8- %‘rg%‘:l%r%%n(yr%f g'r%%z?g dfh%ﬂﬁwﬁﬂ;ﬁf’%ﬂ(ﬁg@%ﬁ%ﬁﬁwm&%?1H

n, 2.73 (2§}, br-d, J=11.6Hz), 3.01 (1H m, 3.8-4.1 (5H m, 3.89 (3H
(

S), 4.5-4.7f2H n), 6.29 (1H s), 7.62 (1H d, J=7.5Hz), 8.10 (1H, S) IR
spectrum (v max cm1l): 3385 3317, 1639, d591 1537 El enental analysis for

C24H35C1IN404 - 0.25 H2 09763 P03/ 06051 31 Calculated (%: C,
59.62; H 7.4 1 9 FOLNI C 59.86; H, 7.19; N, 11.51;
a, 7.31 Exanp nof n-5 chl oro- 2- met hoxy-N-[ 1-[

I -(2 tetrahydrag
furybcar bonipN- 4-

1 pe©Ciianyl net hyl ] - 4- pi peri di nyl ] benzam de - funmarate

A mixture of (S)—tetrahydrofuran-Q—carboxylic acid (7.4 g), 4-
amino-5-chloro-2-methoxy-N-[1-(2-piperidinylmethyl)-4-piperidinyl]-
benzamide (20 g), 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride (13.1 g), and chloroform (200 ml) is stirred at room

10 temperature overnight. The reaction solution is washed twice with an
aqueous sodium hydrogen carbonate sblution (50 ml), and dried over
anhydrous magnesium sulfate. The solvent is evaporated under
reduced pressure, and to the resulting residue is added ethyl acetate
(50 ml), and the mixture is stirred at room temperature. The
15 precipitated crystals are collected by filtration under reduced pressure,

washed twice with a mixture of ethyl acetate and hexane (1:1, 30 ml),
and dried to give the desired compound (Compound 1) (22.6 g).

M. p.: 146-148°C (recrystallized from ethyl acetate)

'H-NMR (CDCl,, 6 ppm): 0.98-1.29 (2H, m), 1.44-1.7 (2H, m),

20 1.7-2.3 (14H, m), 2.59 (1H, m), 2.73 (2H, br-d, J=11.6Hz), 3.01 (1H, m),

3.8-4.1 (5H, m), 3.89 (3H, s), 4.5-4.7 (2H, m), 6.29 (1H, s), 7.62 (1H, d,
J=7.5Hz), 8.10 (1H, s)

IR spectrum (v ., cm™): 3385, 3317, 1639, 1591, 1537

Elemental analysis for C,,H.sCIN,O, - 0.25 H,O



(Conpound 2): To (S)-4-am no-5-chloro-2-nethoxy-NJ[ 1-]

| - (2-tetrahydrofuryl -

car bonyl )wo-opiogzess di nyl net hyl | - 4- pi peri di nyl | benzam de ( 1®@C@/Jg)3/060ixt ai ned
in Exanple 1 is added ethanol (150 m ), ,and the m xture is 10 stirred under
heating at an outer tenperature of about’3 OC. To this solution is added
fumaric acid (2.42 g), and the mxture is stirred at an outer tenperature
of about 80C for 3 hours. The m xture is allowed to cool to room
tenperature, and the precipitated crystals are collected by filtration

give the dosi rod CONORIAT Cebponad 2t 120 ) 1149 6075320350 The "

conpound t hus obtaj SN0 [ t Qo i . mnutes in

hi gh- per f or mance ﬁ%ﬁ&é@h%rﬁ%& gfpﬁ@ 1?H§tﬁi)ﬂ’%1rfdg’g;{'§g fol |l owi ng

condi t i ons@%%g tlgg optical purity thereof is nore than 99 %ee 20 (the
retention ti e Risonmer is 11.45 mnutes). HPLC conditions: HPLC

e PR (LB EL g 3y ooonl L shatangarl 0
h et h : L ) aien g

PCT 3 P03/ 0auet BRI, BB M A I gy o e e e
| engt h forz(%ﬁ 5{19@:2)280 nm' H NVR (DMSO-d6, b ppnm): 0.8-1.15 (2H, m,

1.45-1.7 ( 1.7-1.9 (6H m, 1.9-2.1 (2H, m, 2.1-2.35 (4H, M,
2.4-2.6 (2H M, Fp (3)-3-dmidbl5-hlord-B8neBibxyEN-[ B 1-(3-Rtfaitydrdfuryd- 97 (1H,

br-d, J=12. 5Hz),
carbonyl)-4-piperidinylmethyl]-4-piperidinyl]benzamide (10.0 g)
obtained in Example 1 is added ethanol (150 ml), and the mixture is
10 stirred under heating at an outer temperature of about 60°C. To this
solution is added fumaric acid (2.42 g), and the mixture is stirred at an
outer temperature of about 80°C for 3 hours. The mixture is allowed to
cool to room temperature, and the precipitated crystals are collected by
filtration under reduced pressure, washed twice with ethanol (30 ml),
15 and dried to give the desired compound (Compound 2) (12.2 g).
M. p.: 232-235°C
The compound thus obtained shows the retention time 61‘ 9.36
minutes in high-performance liquid chromatography (HPLC) under the
following conditions, and the optical purity thereof is more than 99 % ee
20 (the retention time of the R-isomer is 11.45 minutes).
HPLC conditions:
HPLC column: CHIRALPAK AS (manufactured by Daicel
Chemical Industries, Ltd.)
Inner diameter: 4.6 mm x 250 mm

25 Mobile phase: hexane:ethanol:acetonitrile:diethylamine =

70:22:8:0.4



4.31 (1H, br-d, J=12.8Hz), 4.63 (1H, t, J=6.5Hz), 5.94 (2H, s, NH2), 6.48
(1H, s), 6.60 (2H, s), 7.66 (1H, s), 7.73 (1H, d, J=7.5Hz, CONH) IR
spectrumwo opaxwas 1) . 3373, 1643, 1591, 1545 10 El enent alPCanadd/sosl f or
C24H35C1N404 C4H404 Calculated (%: C,.56.51; H 6.61; N, 9.41; d, 5.96
Found (%: C, 56.40; H, 6.50; N, 9.39; C?’Q 5.96 Exanple 3 Preparation of
(S) -4-am no-5-chloro-2-nmethoxy-N-[ 1-[ |-(2-tetrahydro- 15

furyl carbonyl) - 4- pi peri di nyl net hyl ] - 4-pi peridi nyl ] benzam de - nal eate
(Conpound 3): To (S)-4-am no-5-chl oro-2-nethoxy-NJ[ 1-]

| - (2-tetrahydrof | - . .

car bonyl ) - 4- pi pe;ﬁlé?’vn%tﬁep@lrﬁlljﬁm'peri di nyl ] benzam de (25 g) obtained in

Exanple 1 is addeq .ethanol (125 ml) d the mxture is stirred at 20 room
tenperature. The Wﬂ&&n}éer@g%‘?'e%%f@ di ssol ved, and thereto is added
mal eic acid (6.6 nd,.t he m xture i iLrred under heatin at a bath
t enper at ure of 138%%’893%*%%&%&%%&0%% Lﬁgelhirls gradual |y coolged to room

t enperature, and A=Y [ cr e t fibt i.an, and
washed twi ce wtﬁ%ﬁ%ﬁoﬁy%ﬂ%?g%h@% gﬁJ%ﬁé%S%ﬁ?e‘dh%%i@’ crude
crystal s co kT et.hanog_ : t+h r E : re
added et hang'ﬁq?%@d{) hghgoéwaééa‘??%tgjr’?f)l Qa%@ﬁé%&g%%gg% rﬁ)’g)',?a

PCT] 9003/ 069913183 318K PairS<B'd 718D 1M e 18897 NOHAbrag bRl D, SEAper at ure

of 100C. Af he’'try s’ are conpl y ‘di ssol'ved, the m xture is

radual | I ) o) rat e )R aned yis$ al
o e ol | Lot b L B e B O S ) OB e
t i th i = ) 2-235C
R

El enent al s tor 5CL
IR spectrum (v ,,cm™): 3373, 1643, 1591, 1545
10 Elemental analysis for C,,H,CIN,O, - C,HO,

Calculated (%): C, 56.51; H, 6.61; N, 9.41; Cl, 5.96

Found (%): C, 56.40; H, 6.50; N,9.39; CI, 5.96
Example 3
Preparation of (S)-4-amino-5-chloro-2-methoxy-N-[1-[1-(2-tetrahydro-

15 furylcarbonyl)-4-piperidinylmethyl]-4-piperidinyl]benzamide - maleate
(Compound 3):

To (S)-4-amino-5-chloro-2-methoxy-N-[1-[1-(2-tetrahydrofuryl-
carbonyl)-4-piperidinylmethyl]-4-piperidinyl|benzamide (25 g) obtained
in Example 1 is added ethanol (125 ml), and the mixture is stirred at

20 room temperature. The compound is completely dissolved, and thereto
is added maleic acid (6.66 g), and the mixture is stirred under heating
at a bath temperature of 100° for 3 hours. The mixture is gradually
cooled to room temperature, and the resulting crystals are collected by
filtration, and washed twice with ethanol (30 ml). The crystals are

25 dried to give crude crystals containing ethanol (29 g). To the crude
crystals (21.4 g) are added ethanol (86 ml) and water (8.6 ml), and the



Calculated (%9: C, 56.51; H 6.61; N, 9.41; d, 5.96 Found (%: C, 56.36;

H 6.71; N 9.43; d, 5.71 10 Reference Exanple 1 Preparation of

4- am no- 5SwohBo9®3R2- met hoxy-N-[ 1-[ 1-(2-tetrahydro- PCT/JP03/06051

furyl carbonyl) - 4-pi peridi nyl met hyl ] - 4- piperidi nyl ] benzam de - funmarate
(Conpound RS): The desired conpound (Coﬁ;%bund RS) is obtained in a manner
15 simlar to that of Exanple 1 and Exanple 2 except that tetrahydro-
furan-2-carboxylic acid is used instead of (S)-tetrahydrofuran-2-
carboxylic acid in Exanple 1. M p.: 229-234C (recrystallized from ethanol)
Ref erence Exanple 2 20 Pre Lﬁgrat on

(R) - 4- ami noEEAHIEGSHETRd (RIGT eﬁ'imﬁl at 3 bath tgmpgrature of 100°C.  After
(Compound rhe arstalenraoa disipbue BrcR AR oRed e
nmpoun % nner
?L?‘g'n"”z car BN 0 TR PR AN et bOG IBFCRUA Pt AR o B RE R o1 o
Ex 7.
L g SN AR R, o n
carb E;)I) Sl %ﬁ%@‘?%@%@ﬁ%é ‘%P%eéﬁ&?r@? ?bgn;gmp(rjg ECorrpound C: 5 The

desi red conpound s obtained in a manner simlar to that of
Exanpl e 1 except W?g’? % ofuran 3-carboxylic acid is used instead of

(S)-tetrahydrof “%f&ﬁéﬁfﬂl%&b& fr @ 1 Enemlenb,
Calculated (%): C, 56.51; H,6.61; N,9.41; Cl, 5.96
Found (%): C, 56.36; H,6.71; N,9.43; Cl, 5.71
10 Reference Example 1
Preparation of 4-amino-5-chloro-2-methoxy-N-[1-[1-(2-tetrahydro-
furylcarbonyl)-4-piperidinylmethyl]-4-piperidinyljbenzamide - fumarate
(Compound RS):
The desired compound (Compound RS) is obtained in a manner
15 similar to that of Example 1 and Example 2 except that tetrahydro-
furan-2-carboxylic acid is used instead of (S)-tetrahydrofuran-2-
carboxylic acid in Example 1.
M. p.: 229-234°C (recrystallized from ethanol)

Reference Example 2

20 Preparation of (R)-4-amino-5-chloro-2-methoxy-N-[1-[1-(2-tetrahydro-
furylcarbonyl)-4-piperidinylmethyl]-4-piperidinyl]benzamide - fumarate
(Compound R):

The desired compound (Compound R) is obtained in a manner
similar to that of Example 1 and Example 2 except that (R)-tetrahydro-

25 furan-2-carboxylic acid is used instead of (S})-tetrahydrofuran-2-

carboxylic a(_:id in Example 1.



M p.: 179-180C (recrystallized fromethyl acetate) 10 Preparation 1:
Preparation of tablets (S)-4-am no-5-chloro-2-nethoxy-N[ I-[ 1-(2-

t et r ahydrwbuwspdas bonyl ) -4-pi peridinyl nethyl] - 4-piperi eécagPjmnziam de -
fumarate 5 (Conpound 2) g Lactose 80 gl,élOorn starch 30 g Crystalline
cellul ose 25 g Hydroxypropyl cellul ose g The above conponents are m xed
and granulated in a conventional manner, and thereto are added |ight
anhydrous silicic acid (0.7 g) and nagnesium stearate (1.3 g). The m xture
is further tabletted to give 1,000 tablets (each 145 ng). 15 Preparation

2: Preparation of,.caps S -4-anm .5 - hoxy-N-[ 1-[ 1-(2-

t et rahydr of uryl c&Wbé’ﬁy??g-%3§%é¥9°&¥ﬁ%mgﬁg‘}°?ﬁ%}§?‘%?aeri di nyl ] benzam de -
fumarate 5 R Q ﬂeQ’Lact ose 165 g WO 03/097638 PCT/JP03/06051 35
Corn starc pyl cellulose 3.5 g Light. silicic acid 1.8 g

ARanee! SR ot df S AR UBIEN e TR MR 0 @
1,000 Ca|OSucj:aﬁ'?)onyl)--4-piperidinylmethyl]—4-piperidinyl]benzamide (Compound Cj:
5 The desired compound (Compound C) is obtained in a manner
similar to that of Example 1 except that tetrahydrofuran-3-carboxylic
acid is used instead of (S)-tetrahydrofuran-2-carboxylic acid in Example
1.
M. p.: 179-180°C (recrystallized from ethyl acetate)
10 Preparation 1: Preparation of tablets

(S)-4-amino-5-chloro-2-methoxy-N-[1-[1-(2-

tetrahydrofurylcarbonyl)-4-piperidinylmethyl]-
4-piperidinyl]benzamide - fumarate

(Compound 2) 58
Lactose 80 g
Corn starch 30 g
Crystalline cellulose ; 25 g
Hydroxypropyl cellulose 3g

The above components are mixed and granulated in a
conventional manner, and thereto are added light anhydrous silicic acid
(0.7 g) and magnesium stearate (1.3 g). The mixture is further
tabletted to give 1,000 tablets (each 145 mg).
15 Preparation 2: Preparation of capsules

(S)-4-amino-5-chloro-2-methoxy-N-[1-[1-(2-

tetrahydrofurylcarbonyl)-4-piperidinylmethyl]-
4-piperidinyl]benzamide - fumarate 5
(Compound 2) g

Lactose 165 g



Preparation 3: Preparation of powder (S)-4-am no-5-chloro-2-mnmethoxy-N-|
1-[ 1-(2- tetrahydrofuryl carbonyl)-4-piperidinyl nethyl] -

4- pi peri dawoyBpbwezanm de - fumarate 10 g (Conpound 2) LactPeTarP@a@osy

Hydr oxypropyl cellulose 25 g Light silicic acid 5 g The above conponents
are m xed by a conventional manner to & e a powder preparation.
Preparation 4: Preparation of injection (anobunt for 1000 anpoul es)
(S)-4-am no-5-chl oro-2-net hoxy-N-[ 1-[ 1-(2- tetrahydrofuryl carbonyl)
-4-pip eridinylnmethyl] - 4-piperidinyl]benzam de - fumarate 2 (Conpound 2)
g Sorbitol é(%]qj ar?}F' tilled water for injection g. Total 2000 m (S)
-4- Am no-5-¢ orgg- -met hoxy-N-[ 1-] 1-(2-tetrahydro%2urgyl- 10

car bonyl ) - i i - 4- pi peri di nyl ] benzam g, fumarat e

( Conpound i?%ﬁgfysrg‘ro@&tl gFflg¥dededi ssolved in a porti ongl?fgdi stilled water WO
03/ 097638 RG nﬂ%‘ﬁf’éi? ¢ 36 for injection, and thergigogis added a

remai ni ng pofrtion o Istilled water for injection to adjust the total

vol ume of t Redtithestedbgtesol ution thus obtained ig7Asltered through a
menbr ane fil}ltggr %0.22 pm, and each 2 m of the filtrate is filled into

anpoul e, whi ch ane. buLLOer SLELiLIEt flixed bl grdhiRed I nut s

conventional manner, and the mixture is packed into a capsule to give

1,000 capsules.
Preparation 3: Preparation of powder

5
(S)-4-amino-5-chloro-2-methoxy-N-[1-[1-(2-
tetrahydrofurylcarbonyl)-4-piperidinylmethyl]-
4-piperidinyl]benzamide - fumarate 10 g
(Compound 2)
Lactose 960 g
Hydroxypropyl cellulose 25¢g
Light silicic acid 5¢g
The above components are mixed by a conventional manner to
give a powder preparation.
Preparation 4: Preparation of injection (amount for 1000 ampoules)
(S)-4-amino-5-chloro-2-methoxy-N-{1-]1-(2-
tetrahydrofurylcarbonyl)-4-piperidinylmethyl]-
4-piperidinyl|benzamide - fumarate 2g
(Compound 2)
Sorbitol 100 g
Distilled water for injection q.s.
Total 2000 ml
(S)-4-Amino-5-chloro-2-methoxy-N-[1-[1-(2-tetrahydrofuryl-
10 carbonyl)-4-piperidinylmethyl}-4-piperidinyl]benzamide - fumarate

(Compound 2) and sorbitol are dissolved in a portion of distilled water



The conpound (1) of the present invention and a pharnmaceutically
acceptable acid addition salt thereof show not only a potent affinity for
10 5- HT4 wemafp9mss and a pot ent enhancing activity of defe®atiJeosoobist show
quite weak side effects, for exanple, 6ant agonistic activity on dopan ne
D2 receptor and few effects on the hear?“ and hence, they can be useful in
the prophyl axis or treatnent of various di seases such as gastrointestinal

di seases (e.g., irritable bowel syndrone, flaccid 15 constipation,

habi tual constipation, drug-induced constipation (e.g., constipation

Ay e
| Seases u

b e UGl e RS
SRS MERN R ST L T T SR TR

Therefore, 4 lﬁ?lyo ie ) ?}t?&f@t 1seﬁ && '1f'ijf< ﬁrelﬁ?oﬂegaW1%%@§BEﬂ?ér Qi@rﬂ ledYat

enhancer or"a ga |na agent. 'I'n I't1on, e conpound

of the for ¢ '1§1 as an 25|nterrred|atefor preparlngthe
corrpé(;und op}%ﬁe 611 ?20 ! %@JV\D 03/ 097638 PCT/JP03/06051 37 CLAIMS 1. An

(S)-4-am no- 5-ch|or02nethoxy N[ 1-[ 1-(2-tetra-
hydr of uryl carbonyl ) - 4- pi peri di nyl net hyl ] - 4- pi peri di nyl ] benzam de of the 5
fol l'ow ng frRfUaTRIAL ARPRICABINTY (1) N O H

The compound (I) of the present invention and a pharmaceutically

acceptable acid addition salt thereof show not only a potent affinity for
10 5-HT, receptor and a potent enhancing activity of defecation, but show
quite weak side effects, for example, no antagonistic activity on
dopamine D, receptor and few effects on the heart, and hence, they can
be useful in the prophylaxis or treatment of various diseases such as
gastrointestinal diseases (e.g., irritable bowel syndrome, flaccid
15 constipation, habitual constipation, drug-induced constipation (e.g.,
constipation induced by morphine or a psychotropic), central nervous
diseases (e.g., schizoph;‘enia, depression, disturbance of memory or
anxiety), and urinary diseases (e.g., urinary disturbances such as
dysuria accompanied by urinary obstruction or prostatomegaly), or
20 various gastrointestinal dysfunctions (e.g., anorexia, nausea, vomiting
or abdominal fullness) accompanied by the treatment of various
diseases as mentioned above. Therefore, they are useful especially as a
gastrointestinal motility enhancer or a gastrointestinal prokinetic
agent. In addition, the compound of the formula (III) is useful as an

25 intermediate for preparing the compound of the formula (I).



H2N e OCH3 or a pharnmaceutically acceptable acid addition salt thereof, or
a hydrate thereof. 2. An (S) -4-am no-5-chloro-2-nmethoxy-N[ 1-[

1- (2-t et N80ODB/097638 PCT/JP03/06051

hydr of uryl car bonyl ) - 4- pi peri di nyl net hyl ] ;,4- pi peri di nyl ] benzam de or a
hydrate thereof. 3. An (S)-4-am no-5-ch|§ 0-2-nmet hoxy-N-[ 1-[ I-(2-tetra-
hydr of uryl car bonyl ) - 4- pi peri di nyl net hyl ] - 4- pi peri di nyl ] benzam de funarate
or a hydrate thereof. 15 4. An

(S)-4-am no-5-chloro-2-nmethoxy-N-[1-[]-(2-tetra-

hydr of uryl car bonyl ) - 4- pi peri di nyl net r}?(l ] Ziclﬁl eridinyl] benzam de nul eate,
or a hydrate thereof. 5. A pharnaceutt é‘aﬁ\ r%osi tion, which conprises as
an active ingredient an (S)-4-am no-5-chloro-2-nmethoxy-N-[1-[]-(2-tetra-
20 hydrof uryl carbonyl) - 4- pi peri di nyl net hyl ] - 4- pi peri di nyl ] benzam de, or a

pharmaceutical ly gccept )a&iﬁn?fggjé-kﬁfbgﬁg?lmgﬁ?@gy-lf;-rllﬁﬁw te

thereof in adm xture w ?ﬁ{ ?conven i ona naceu Ceptabl e

carrier or %#gg%g&g%@rﬂggﬁﬁém%%iﬁrﬁgﬁ%ﬂﬁ-@Ebé@fn@lﬂi@ﬂ%%hﬁ”d%@%%‘ 2 WO

03/ 097638 P

1-(2g etrah 8&7“? ) -4-piperidinyl methyl]-4- piperidinyl]benzam de
of t;?e follggmﬂng %¥w|g@m OO O NeONHO H2N CH3 or a

pharmaceutically acceptable acid additiongsalt thereof, 5 which conprises

the following process {a) o ): /l\//
L0y
H o
H,N OCH;
or a pharmaceutically acceptable acid addition salt thereof, or a hydrate
thereof.

2. An (S)-4-amino-5-chloro-2-methoxy-N-[1-[1-(2-tetra-

10 hydrofurylcarbonyl)-4-piperidinylmethyl]-4-piperidinyl]benzamide or a
hydrate thereof.

3. An (S)-4-amino-5-chloro-2-methoxy-N-[1-[1-(2-tetra-~
hydrofurylcarbonyl)-4-piperidinylmethyl]-4-piperidinyl]benzamide -
fumarate or a hydrate thereof.

15 4. An (S}-4-amino-5-chloro-2-methoxy-N-[1-[1-(2-tetra-
hydrofurylcarbonyl)-4-piperidinylmethyl]-4-piperidinyl|benzamide -
maleate, or a hydrate thereof.

5. A pharmaceutical composition, which comprises as an
active ingredient an (S)-4-amino-5-chloro-2-methoxy-N-[1-[1-(2-tetra-

20 hydrofurylcarbonyl)-4-piperidinylmethyl]-4-piperidinyl|benzamide, or a
pharmaceutically acceptable acid addition salt thereof, or a hydrate
thereof in admixture with a conventional pharmaceutically acceptable
carrier or diluent.

6. A process for preparing an (S)-4-amino-5-chloro-2-



(a) reacting a conmpound of the formula (11) : CI H2N CONH N-CH2 NH (I1)
OCH3 with a conmpound of the formula (Ill1): Ou HOCI O(lIIl) O 10
(Chem calwpana®9766$) - t et r ahydr of ur an- 2- car boxyl i ¢ acid) oPCa/JJrPedive
derivative thereof, or (b) reacting a coggound of the formula (1V): C H2N
COOH (1V) OCH3 or a reactive derivative“Phereof, wth a conmpound of the
formula (V): O HRZN NCH2 NNC~lI,~, M 15 O and if necessary, followed by
converting the product into a WD 03/097638 PCT/JP03/06051 39
pharmaceutically acceptable acid addition salt thereof. 7. A serotonin 4

set ng ) Rkt O ARk S e e AP HaBl Bl Bl o e °°
by eI ack aperkinyliRGERmidk Sl RIREE kBT pati enie. which

conpri ses 'e)
i M,
Cl N N N O 0]
H O
HaoN OCH3;

or a pharmaceutically acceptable acid addition salt thereof,
S which comprises the following process (a) or (b):

(a) reacting a compound of the formula (1I):

Cl

OCHj

with a compound of the formula (III):

Q
HO"C///:.O ainy
O

10 (Chemical name: (S)-tetrahydrofuran-2-carboxylic acid)

or a reactive derivative thereof, or

(b) reacting a compound of the formula (IV):
Cl
HoN COOH (v)
OCHs;

or a reactive derivative thereof, with a compound of the formula (V):

O
1]
e ey @
0

and if necessary, followed by converting the product into a

15



adm nistering an effective amount of the conpound as set forth in any one
of claine 1 to 5 or a pharmaceutically acceptable acid addition salt

t her eof , WO oa/opmss ent being suffering fromsaid di seases. PC@/JD03/dd8® of t he
conmpound as set forth in any one of clai 1 to 5 or a pharmaceutically
acceptable acid addition salt thereof, in the preparation of a nedi canent
for the treatnent of diseases caused by the lack of stinulation on
serotonin 4 receptor. 10. A gastrointestinal notility enhancer, which
conprises as 15 an active ingredient the conmpound as set forth in any one

of clains 1leﬁ%mécﬁﬁoge?gy%fc@eg%lé%{ﬂéihhc&ﬁﬁ%&t $hk ehagddt, addition salt

t her eof . net treatnent of gastrointestinal notility disorders

or gastrointestinal dysfueebioRin AMeEdhteP HFONISS wigidhl cUrBbeiseBhsdn
effective anount of the conmpound as set forth in any 20 one of clains 1 to

S or a pharé@cﬁ@iﬂ%&%ﬂiéﬁatﬂﬂf@%@@oﬁrﬁ? bd seedbithoh aaktond bBcledfns 1 @oH
patient suffering Tromsaid diséases. 12. Use of the conpound as set forth

I n any one &f o JiiriBadeuti€ally atcépiabie meid viddidbh)sadt tiegrieabl e aci d addition
salt thereof, in the preparation of a nmedicanent for the treatnent of

gastgoi ntestinal &5 notA lnhéthodl fardensment pdstiseasusasduseal bythedackiafn. 13.
An (S) -4-amno- |-[ |-(2-tetrahydrofurylcarbonyl)-4 WO 03/097638

PCT/ JP03/ 06&i5thuldfloni it sedhtoplinet heddpiopén iptitientsf whiehfaorhprisag f or mul a
(VM): 0 HZN NCH2 N(V) O or an acid addition salt thereof.
administering an effective amount of the compound as set forth in any
one of claims 1 to 5 or a pharmaceutically acceptable acid addition salt
thereof, to a patient being suffering from said diseases.

10 9. Use of the compound as set forth in any one of claims 1
to 5 or a pharmaceutically acceptable acid addition salt thereof, in the
preparation of a medicament for the treatment of diseases caused by
the lack of stimulation on serotonin 4 receptor.

10. A gastrointestinal motility enhancer, which comprises as

15 an active ingredient the compound as set forth in any one of claims 1 to
5 or a pharmaceutically acceptable acid addition salt thereof.

11. A method for treatment of gastrointestinal motility
disorders or gastrointestinal dysfunction, which comprises
administering an effective amount of the compound as set forth in any

20 one of claims 1 to 5 or a pharmaceutically acceptable acid addition salt
thereof, to a patient suffering from said diseases.

12, Use of the compound as set forth in any one of claims 1
to 5 or a pharmaceutically acceptable acid addition salt thereof, in the
preparation of a medicament for the treatment of gastrointestinal

25 motility disorders or gastrointestinal dysfunction.

13. An (S)-4-amino-1-[1-(2-tetrahydrofurylcarbonyl)-4-
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piperidinylmethyl]piperidine of the following formula (V):
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or an acid addition salt thereof.



