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(57) Abstract: A compound of formula (I) or a pharmaceuti-
cally acceptable salt thereof: [wherein Ar is aryl or heteroaryl,
optionally substituted; R1 is acyl; R2 is H or lower alkyl; R3 is
H, and the like; R4 is H, and the like.] having the activity in-
hibiting DPP-IV activity. They are therefore useful in the treat-
ment or prevention of conditions mediated by DPP-IV, such as
Type 2 Diabete Mellitus.
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DESCRIPTION
PIPERAZINYL COMPOUNDS

TECHNICAL FIELD

This invention relates to the compound and
pharmaceutically acceptable salt thereof which inhibit
dipeptidyl peptidase-IV (DPP-1IV).

Moreover, this invention relates to medicament or
pharmaceutical composition -comprising the
above-mentioned compound or pharmaceutically
acceptable salt thereof as aﬁ active ingredient, a
method for treatment and/or prevention of the disease
mediated by DPP-IV, use of the above compound, and the

like.

BACKGROUND ART

It is known that DPP-IV has various physiological
functions in living body, especially has the action
which inactivates Glucagon-like peptide-1 (GLP-1) by
cleaving. the N-terminal dipeptide (His-Ala) and
decomposes somevcytokines. That is, the resultant
peptide is the receptor antagonist of GLP-1 and totally
reduces the activity of GLP-1. '

This GLP-1 has very important role in glucose
metabolism. For example, GLP-1 (1) intensifies the
Secretion of insulin,}(2) stimulates expression of
genes which'are indispensable for the secretion of
inﬁulin, (3) stimulates proliferation of B-cell, (4)

suppresses secretion of glucagon, (5) suppresses the
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function involving secretion and motility of digestive
organs (especially, peristalsis), and (6) suppresses
appetite. That is, GLP-1 restricts food ingestion,
postpones the process of digestion and absorption, and
raises the use of the glucose in blood.

Therefore, the inhibitor of DPP-IV can maintain
the activity of GLP-1, so it is expected as a medicine
to treat and prevent various diseases, especially type
2 diabetes mellitus (T2DM).

Hitherto, such inhibitors of DPP-IV are known so
far. qu example in WO 00/34241, 2-cyanopyrrolidine
compounds having substituted adamantyl structure like

following are disclosed.

H CN

o
"LAF-237"
Pyrrolidine, 1-[(3-hydroxy-1-adamantyl)amino]acetyl-
2-cyano, (S)

In WO 03/000181, PB-amino acid derivatives as

following are described.

F N O /@

NULNGEN

<2TFA

Iz

DISCLOSURE OF INVENTION

Under the above 51tuatlon, the inventors of this
invention found that the compound of this invention
ha§ the outstanding activity to inhibit DPP-IV, and

the inventors completed this invention.
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Accordingly, this invention relates to DPP-IV
inhibitor. More particularly, this invention relates
to DPP-IV inhibitor useful for treating or preventing
conditionsmediatedbyDPP—IV,moréparticularlyuseful
for treating or preventing altered glucose tolerance,
glucosuria, hyperlipidemia, metabolic acidosis,
diabetes mellitus (type 1 and type 2), diabetic
neuropathy, nephropathy, and secondary diseases 1in
mammals caused by diabetes mellitus.

That is, one object of this invention is to provide
new compound>and pharmaceutically acceptable salt
thereof, of which activity to inhibit DPP-IV 1is
remarkably improved against known compéunds,
preferably having a good oral activity and a high safety
profile.

Another object of this invention is to provide a
medicament and pharmaceutical composition containing
the compound or pharmaceutically acceptable salt
thereof as an active ingredient.

A further object of this invention is to provide
an inhibitor of DPP-IVandamethod for inhibiting DPP-IV

comprising administering an effective amount of the

. compound or pharmaceutically acceptable salt thereof.

A further object of this invention is to provide
a use of the compound and pharmaceutically acceptable
salt thereof as medicaments.

A further object of'this invention is to provide
the compound and pharmaceutically  acceptable salt
th%reof which are useful for the manufacture of

medicaments for treating or preventing conditions
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mediatedby DPP-IVinhibition, more particularlyuseful
for treating or preventing altered glucose tolerance,
glucosuria, hyperlipidemia, metabolic acidosis,
diabetes mellitus (type 1 and type 2), diabetic
neuropathy, diabetic nephropathy( and secondary
diseases in mammals caused Dby diabetes mellitus,
especially T2DM.

A further objebt of this invention is to provide
the commercial package compriéing the pharmaceutical

composition containing the new compound.

The present invention is directed to the following

compound of the formula (I) or pharmaceutically

'acceptabie salt thereof.

R2 (1)

[wherein
Ar is aryl ofheteroaryl, optionally substituted;
R is acyl; |
each R? is independently selected from the group
consisting of H and lower alkyl;
.each R?® is independently selected from the group
consisting of H and lower alkyl;
each R? is independéntly selected from the group

consisting of H and lower alkyl.]

In the above and subsequent description of the
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presentspecification,suitableexamplesofthevarious
definitions to be included within the scope of the
invention are explained in detail in the following.

The "aryl" means an aromatic hydrocarbon group,
such as phenyl, naphthyl, indenyl, biphenyl, and the
like; ‘and it is preferably (C6—C10)aryl, more
preferably phenyl. | |

The "cycloalkyl” includes a cycloalkyl group
having 3 to 10 carbon étoms, that may be crosslinked,
preferably a cyclopropyl, cYclopentyl, cyclohexyl,
cycloheptyl and adamantyl group.

The "heterocycle™ includes a saturated or

unsaturated 4- to 8-membered heterocyclic group which

has 1 to 4 hetero atoms selected from N, S and O, and
which may be a monocyclic fing, or may form a bicyclic
or tricyclic fused 1ring by Dbeing fused with
heterocycle(s), aryl(s) or cycloalkyl(s).

The "saturated heterocyclic group" means

preferably 5- to 7-membered heterocyclic group and may

fuse with cycloalkyl(s). The "saturated heterocyclic
group" may include pyrrolidinyl, imidazolidinyl,
tetrahydrofuranyl, piperidinyl, - tetrahydro-2H-

pyranyl, tetrahydro-2H~thiopyranyl, piperadinyl,
morpholinyl, thiomorpholinyl, azepaﬁyl and
diazepanyl.

The "unsaturated heterocyclic group" includes
heteroaryl and partialiy saturated heteroaryl. The
"partially saturated heteroaryl" includes pyrrolinyl,
im}dazolinyl, pyrazolinyl, dihydrothiazolyl,

dihydroisothiazolyl,. dihydrooxazolyl,
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dihydroisoxazolyl, dihydrothiadiazolyl,
dihydrooxadiazolyl, dihydrofuranyl, pyranyl,
dihydropyranyl,. _ dihydrothiopyranyl,
tetrahydroazepinyl, dihydroazepinyl, azepinyl,
diazepinyl, 3,4-dihydro-2H-1,4~-benzoxadinyl,

3,4-dihydro-2H-1, 4-benzothiadinyl,
1,3-benzodioxolyl, 2,3-dihydro~-1,4-benzodioxinyl,

chromanyl, isochromanyl, 3,4-dihydro-2H-1-

~

benzothiopyranyl, 3,4-dihydro-1H-2-benzothiopyranyl
indolinyl, isoindolinyl, 1,2,3,4-tetrahydroquinolyl
and l,2{3,4—tet£ahydroisoquinolyl.

The "heterocaryl" means preferably 5- or 6-membered
orcondensédaromaticheterocyclicgroupwhichcontains
at least one hetero atom such as nitrogen, oxygen and
sulfur atom. The "heterocaryl"” may include 5-membered
heteroaryl group such as pyrrolyl, imidazolyl,
pyrézolyl, triazolyl, tetrazolyl, thienyl; furyl,
oxazolyl, isoxazolyl, thiazolyl, isothiazolyl,
thiadiazol, or the like; 6-membered heterocaryl gréup‘
suchaspyridinyl/pyrazinyl,pyrimidinyl,pyridazinyl,
or the like; and condensed heterocaryl group such as
indolyl, isoindolyl, indazolyl, pufinyl,-quinolyl,
isoquinolyl, ' benzopyrrolyl, benzoimidazolyl,
benzotriazolyl, benzofuranyl, isobenzofuranyl,
phthalanyl, chromenyl, chromonyl, benzothienyl,
isobenzothienyl, benzothiazolyl, phthalimidyl, or the
like. .

The term "acyl" can be exemplified by R-C(=0)-,
R4§(=O)—, R-S(=0)2~-, R-C(=NR)-, in which R is not

specified. It is preferably, R-C(=0)-, R-S(=0)- or
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R-S (=0),-, more preferably, R-C(=0)- or R-5(=0) -, most
preferably R-C(=0) -.

The term "lower" is intended to mean a group having
1 to 6 carbon atom(s), unless otherwise provided.

Therefore, the "lower alkyl"” means a straight or
branched chain aliphatic hydrocarbon, such as methyl,
ethyl, propyl, isopropyl, bufyl, isobutyl, t-butyl,
pentyl, hexyl, and the 1like. It is preferably
(Cl-C4d4)alkyl, mofe preferably (Cl-C2)alkyl, most
preferably methyl.

Thg "lower alkoxy" means a straightAor branched
chainaliphatichydrocarbonoxygroup,suchasn@thoxy,
ethoxy, Propoxy, isopropoxy, butoxy, isobutoxy,
t-butoxy, pentoxy, hexdxy, and the 1like. It 1is
preferably (Cl-C4)alkoxy, more preferably
(Cl-C2)alkoxy, most preferably methoxy.

The "halogen" may include a fluorine atom, a
chlorine atom, a bromine atom and an iodine atom, more
preferably a fluorine atom or a chlorine atom, most
preferably a fluorine atom.

The"halogenatedlowepalkyl"meanstheabovelower

alkyl substituted by halogen atom(s), such as

fluoromethyl, - chloromethyl, © difluoromethyl,
dichloromethyl,‘ dibromomethyl, trifluoromethyl,
trichloromethyl, fluoroethyl, chloroethyl,
2,2,2-trifluorocethyl, 2,2,2-trichloroethyl,
'péntafluoroethyl, _fiuoropropyl, fluorobutyl,
fluorohexyl, and ~ the like. It 1is preferably

halogenated(Cl—C4)alkyl,morepreferablyhalogenated‘
(Cl1-C2)alkyl, more preferably fluorinated
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(Cl-C4)alkyl, more preferably fluorinated
(Cl-C2)alkyl, most preferably trifluoromethyl.

The "aryl—(lowér alkyl)" means the "lower alkyl"
group mentioned above substituted by the aryl group,
and includes benzyl, 1l-phenylethyl, 2-phenylethyl,
3-phenylpropyl, 4¥phenylbutyl, l-naphthylmethyl,
2-naphthylmethyl, | 2-(l-naphthyl)ethyl,
2-(2-naphthyl)ethyl, and the like. It is preferably
phenyl—(lower alkyl), more preferably
phenyl-(Cl1l-C4)alkyl, more preferably
phenyl-(Cl-C3)alkyl.

The "heterocycle-(lower alkyl) " means the "lower

alkyl" group mentioned above substituted by the

heterocyclic group. It is preferably
heterocycle-(Cl-C4)alkyl, more preferably
heterocycle- (Cl1l-C2)alkyl, - more preferably

heterocycle-methyl.

The "aryl-(lower alkoxy) " means the "lower alkoxy"
group mentioned above substituted by the aryl group,
and includes benzyloxy, l-phenylethoxy,
2-phenylethoxy, 3-phenylpropoxy, 4-phenylbutoxy,
l-naphthylmethoxy, - 2—naphthylmethoxy,
2-(l-naphthyl)ethoxy, 2-(2-naphthyl)ethoxy, and the
like. It is preferably phenyl-(lower alkoxy), more
preferably phenyl-(Cl-C4)alkoxy, more preferably
phenyl-(Cl1-C2)alkoxy, most preferably benzyloxy.

The "heterocaryl-(lower alkoxy)"™ means the "lower

alkoxy" group mentioned above substituted by the

heterocaryl group. It is preferably

heterocaryl-(Cl-C4)alkoxy, more preferably
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heteroaryl-(Cl-C2)alkoxy, more preferably
heteroaryl-methoxy.

The"(loweralkoxy)—carbonyl"meanscarbonylgroup
substituted by the above mentioned,lower alkoxy group,
and includes methoxycarbonyl, ethoxycarbonyl,
‘propoxycarbonyl,isopropqucarbonyl,butoxycarbonyl,
isobutoxycarbonyl, t-butoxycarbonyl, pentoxycarbonyl,
hexoxycarbonyl, and the 1like. It 1s preferably
(Cl-C4)alkoxy-carbonyl, more preferably,
methoxycarbonyl or t-butoxycarbonyl, most preferably
t—butoxycarbonyl.

Though the "substituent" in the definition of
Compound (I) is not limited, it means géneral
substituent. The "substituent" can be preferably
selected fromthe group consistingof lower alkyl, lower
‘alkoxy, halogen, hydroxy, cyano, nitro, amino,
carbamoyl, aminosulfonyl, carboxy, (lower
alkoxy)-carbonyl, R°~-S-, R®-S(0)-, R®-50,-, R®-SO,NH-,
R ~CONH-, R®-CONHSO,-, R®-SO,NHCO-, lower alkyl
substitutedby11x>3ofR7,heteroaryl,andoXo;wherein
R® is lower alkyl, halogenated lower alkyl, or phenyl
optionélly substituted with halogen, lowei alle or
halogenated lower alkyl; R’ is hydroxy, lower alkoxy,
carboxy, (lower alkoxy)-carbonyl, carbamoyl; and any
nitrogen atoms in carbamoyl or aminosulfonyl may be
substituted by lower alkyl.

‘ The number of subsﬁituent may . be two or more if
possiblé, preferably up to 5, more preferably up to
3. In case that the number of substituent is plural,

3

they may be identical or different to each other. For
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example, in case where both "Ar" and "R°" in the
definition of the present invention have two or more
substituents, the substituents may be the same or
different to each other.

The Compound (I) may contain one or more asymmetric
centers and thus they can exist as enantiomers or
diastereoisomers. This invention includes both
mixtures and separate individual isomers.

The compounds of the formula (I) may also exist
in tautomeric forms and this invention includes both
mixtures and separate individual tautomers.

The Compound (I) and fheir_salts may be in a‘form
of a solvate such as hydrate, which is included within
the scope of the present invention.

Also included in the scope of this invention are
radiolabelled derivatives of Compound (I) which are
suitable for biological studies.

In the scope of the present invention, the prodrug
oftheCompouna(I)isincluded,whichprodrugiscapable
of undergoing metabolic conversion to Compound (I)
following administration in body. Further, 1in the
scopeofthepresentinvention,metabolitesdfCompound
(I) are included, which metabolites may be

therapéuticallyactivejjlthetreatmentcﬁfthetargeted

-medical condition.

The compound of this invention can be converted
to-salt according to a conventional method. Suitable
salts of thé compounds (I) are pharmaceutically
acgeptéble conventional non-toxic salts and include

an organic acid salt (e.g., acetate, maleate, tartrate,

10
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benzenesulfonate, formate,

trifluorocacetate, or the like), an

inorganicacidsalt(e.g.,hydrochloride,hydrobromide,

sulfate, phosphate, or the like), a salt with an amino

acid (e.g., aspartate, glutamate, or the like), or the

like.

The compound (I) may preferably include Compound

(Ia) as following:

X
R \\N//A\\T R® RPR* RY
L

O R2”

[wherein

Ar

~

R? (Ia)

Ar is aryl or heteroaryl, optionally substituted;

each R? is independently selected from the group

consisting of H and lower alkyl;

each R?® is independently selected from the group

consisting of H and lower alkyl;

each R? is independently selected from the group

consisting of H and lower alkyl;

RS

is lower alkyl,

halogenated lower alkyl,

aryl optionally substituted,

heterocycle optionally substituted,

cycloalkyl optionally substituted,

aryl-O optionally substituted,

heterocycle-0O optionally substituted,

aryl-(lower alkyl)

11

optionally substituted
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X 1is

on the aryl, .

heterocycle-(lower alkyl) optionally
substituted oh the heterocycle,

aryl-(lower alkoxy)‘optionally substituted
on the aryl, or

heterocycle-(lower alkoxy) optionally
substituted on the heterocycle;

-C(=0)- or ~-S(=0)2-;

the same applies hereinafter.]

Thg

Compound

[wherein

compound (I) may more preferably include

(Ib) as following:
O

RSJI\O R3. R3R4 R4

N
Ar

O ~

R?" "R? (Ib)

Ar is aryl or heteroaryl, optionally substituted;

“each

R? is independently selected from the group

consisting of H and lower alkyl;

each

R® is independently selected from the group

consisting of H and lower alkyl;

each

R? is independently selected from the group

consisting of H and lower alkyl;

R®> is lower alkyl,

halogenated. lower alkyl,
aryl optionally substituted,
heterocycle optionally substituted,

cycloalkyl optionally substituted,

12
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aryl-0O optionally substituted,
heterocycle-0 optionally substituted,
aryl-(lower alkyl) optionally substituted
on the aryl, ' . ‘

heterocycle-(lower alkyl) optionally
substituted on the heterocycle,
aryl-(lower alkoxy) optionally substituted
on the aryl, or

heterocycle-(lower alkoxy) optionally

substituted on the heterocycle;

the same applies hereinafter.]

In the each definition of the Compound (I),

preferably,

(1) Ar is aryl optionally substituted:;

(2) Ar is phenyl optionally substituted;

(3) the substituent (s) of Ar is selected from the group
consisting of lower alkyl, lower alkoxy, halogen,
hydroxy, cyano, nitro, amino, carbamoyl, aminosulfonyl
and carboxy;

(45 the substituent(s) of Ar is selected from the group
consisting of lower alkyl, halogen, cyano, nitro,
cafbamoyl, aminosulfonyl and carboxy;

(5) the substituent(s) of Ar is halogen;

(6) the substituent(s) of Ar is selected fromthe group
consisting of a fluorine atom and a chlorine atom;
K7) the substituent(s).of Ar is a fluorine atom;
(89 R' is -C(=0)-R® or -S(=0),-R®, wherein R’ is lower
alkyl, halogenated lower alkyl, aryl optionally

substituted, heterocycle optionally substituted,

13
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cycloalkyl optionally substituted, aryl-O optionally

substituted, heterocycle-O optionally substituted,

aryl-(lower alkyl) optionally substituted on the aryl,

.heterocycle-(lower alkyl) optionally substituted on

the heterocycle, aryl-(lower alkoxy) optionally
substituted on the aryl, or heterocycle-(lower alkoxy)

optionally substituted on the heterocycle;

(9) R' is -C(=0)-R’;

(10) R! is —C(=O)—R5, wherein R° is 1lower alkyl,

halogenated lower alkyl, aryl optionally substituted,

heteroa;yl optionally substituted, cycloalkyl
optibnallysubstituted,aryl—Ooptionallysubstituted,
heteroaryl-0O optionally substituted, aryl-(lower
alkyl) optionally substituted on the aryl,

heteroaryl—(loweralkyl)obtionallysubstitutedonthe
heteroaryl, aryl-(lower alkoxy) optionally
substituted on the aryl, or heteroaryl-(lower alkoxy)

optionally substituted on the heterocaryl:;

(11) R! is —C(=O)—R5, wherein R° is lower alkyl,

halogenated lower alkyl, aryl optionally substituted,

heteroaryl | optionally substituted, aryl-(lower
alkoxy) optionally substituted on the Varyl, or
heteroaryl-(lower alkoxy) optionally substituted on
the heterocaryl;

(12) R! is —C(=O)—R5, wherein R® is lower alkyl, aryl
optionally substituted, heterocaryl optionally
éubstituted, aryl-0 optionally substituted,

heteroaryl-0 optionally substituted or aryl-(lower
al%oxy) optionally substituted on the aryl;

(13) R! is -C(=0)-R®, wherein R® is lower alkyl;

14
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(14) R* is -C(=0)-R®, wherein R®> is aryl optionally
substituted or heterocaryl optionally substituted:;
(15) R! is -C(=0)-R°, wherein R is aryl optionally
substituted; o

(16) R! is -C(=0)-R°, wherein R® 1is heteroaryl
optionally substituted:;

(17) thesubstituent(s) of R°isselected fromthegroup
consisting of lower alkyl, lower alkoxy, halogen,
hydroxy,cyaho,nitro,amino,carbamoyl,aminosulfonyl,
carboxy, (lower alkoxy)-carbonyl, RG—S—, RG—S(O)—,
R®-50;-, R®-SO,NH-, R®-CONH-, R®~CONHSO,-, R®-S0,NHCO-,
lower alkyl substituted by 1 to 3 of R’, heteroaryl,
and oxo; wherein R® is lower alkyl, halogenated lower
alkyl, or phenyl optionally substituted with halogen,
lower alkyl or halogenated iower alkyl; R’ is hydroxy,
lower alkoxy, carboxy, (lower alkoxy)-carbonyl,
carbamoyl; and any nitrogen atoms in carbamoyl or
aminosulfonyl may be substituted by lower alkyl;
(18) thesubstituent(sfofRsisselectedfromthegroup
consisting of lower alkyl; lower alkoxy/ halogen,
carbamoyl, aminosulfonyl, carboxy and (loﬁer
alkoxy)-carbonyl; |

(19) thésubstituent(s)ofksisselectedfromthegroup
consisting of lower alkoxy, halogén, aminosulfonyl,
carboxy and (lower alkoxy)-carbonyl;

(20) R? is H;

(21) R? is (Cl-C4)alkyl;

(22) R?* is (C1l-C2)alkyl;

(23) R’ is H;

(24) R?® is (C1l-C4)alkyl;

15
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(25) R® is (Cl-C2)alkyl;
(26) R* is H;
(27) R® is (Cl-C4)alkyl;
(28) R* is (C1-C2)alkyl.
‘The combination of any two or more of (1) to (28)

is more preferable.

The Compound (I) is preferably selected from:
(2R)—1—(3,4—Difluorophepyl)—4—[4—(2—methoxy—
benzoyl)-l-piperazinyl]-4-oxo-2-butanamine
hydrochloride; | |
(2R)-4-[4-(2-Methoxybenzoyl)-1l-piperazinyl]-4-oxo-
1—(2,4,54trifluorophenyl)—2—butanamine
hydrochloride;
(2R)~-1-(3,4-Difluorophenyl)-4-[4-(2,6~-dimethoxy-
benzoyl)—l—piperazinyl]—4—oxo—2—butanamine
hydrochloride;

(2R)-1-(3,4-Difluorophenyl)-4-[4- (5-fluoro-2-
methoxybenzoyl)-l-piperazinyl]-4-oxo-2-butanamine
hydrochloride; |

3—({4—[(3R)—3—Amino—4—(3,4—difluorophenyl)¥
butyryl]—1—piperazinyl}—carbonyl)—4—methoéy—
benzenesulfonamide hydrochloride;
3-({4-[(3R)-3-Amino-4-(2,4,5-trifluorophenyl) -
butyryl]-l-piperazinyl}carbonyl)-4-methoxybenzene-
sulfonamide hydrochloride;
3-({4-[(3R)-3-Amino-4-(3,4-difluorophenyl) -
butyryl]-l-piperazinyl}carbonyl)benzenesulfonamide

hygrochloride;
3-({4-[(3R)-3-Amino-4-(2,4,5~trifluorophenyl) -

16
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butanoyl]-l-piperazinyl}carbonyl)benzoic acid
hydrochloride;
4-({4-[(3R)-3-Amino-4-(2,4,5-trifluorophenyl) -
butanoyl]—1—piperazinyl}carbonyl)benzoic acid
hydrochloride;
5-({4-[(3R)-3-Amino-4-(2,4,5-trifluorophenyl) -
butanoyl]-l-piperazinyl}carbonyl)isophthalic acid

hydrochloride; and

5-({4-[(3R)-3-Amino-4—-(2,4,5-trifluorophenyl) -
butanoyl]-l-piperazinyl}carbonyl)nicotinic acid

dihydrochloride.

The Compound (I) of the present invention can be
prepared according to the'following Process A to C.

In the following production methods, it 1is
sometimes effective from the viewpoint of " the
production technigue to replace a certain functional
group depending on the type with an appropriate
protective group, namely a group readily convertible
to the functional group, at the stage of a raw material
or intermediate. Afterwards, the protective group can
be eiiminated, if necessary, to dbfain tﬁe desired
compound. Examples of such a functional group include
an amino group, hydroxyl group, carboxyl group and the
like. Protective groups thereof are, for example,
those described in Protective Groups 1in Organic
Synthesis, the third edition (T. W. Green and P. G.
M. -Wuts, eds., JOHN WILLY & SONS, INC. (the contents
ofyhichareherebyincorporatedbyreference)). These

may be'appropriately uséd depending on the reaction
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conditions. For introducing and eliminating such
protective groups, the methods described in the
reference can be suitably applied.

Process A

) RL
R1\N R3 R3 R4 R4 N/ﬁ R3 R3 R4 R4
‘r2Ngea O r2N-p2a
a (1) | (1-1)

In the above formula, 1in case where R? is H, R??
isapuotectivegroup,suchas(loweralkoxy)—carbonyl,
and when R? is lower alkyl, R?*® is loﬁer alkyl or a
protective group; the same applies hereinafter. These
combinationscﬁfRzandRzahardlyhaveadverselyeffects
on the above reaction.

This process is carried out by reactingpiperazinyl
compound (II) with carboxylic acid Compound (III).

Compounds (II) and (III) may be purchased if it
is commercial, orAsynthesized according to general
methods obvious to the person skilled in the organic
chemistry from commercial compounds.

' In this process, general amide-forming reaction
such as reaction using condensating agent.can be
employable. The condensating agent employable in this
process is not particularly limited so long as it
accelerates forming amidg bond and may include
carbodiimide compounds such as dicyclohexyl-
carbodiimide (bCccC), diiéopropylcarbodiimide (DIPCI),
1—ethyl—3—(3’—dimethylaminopropyl)carbodiimide
(w?ter solvable carbodiimide: WSCD) . '

In this case, additive 1is generally used. The
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“additive employable in this process is not particularly

limitedsolongas:U:canmainlymakethécarboxylgroups
of Compound (III) active or suppress the racemization,

and may include 1l-hydroxybenzotriazole (HOBt) ,

‘3,4—dihydro~3—hydroxy—4—oxo—1,2,3—benzotriazine

(HOOBt) , l-hydroxy-7-azabenzotriazole (HOAt) ,
N-hydroxysuccinimide (HONSu).

The solventlemployable in this process is not
particularly limited so long as it is inactive in this
reaction and may include amides sﬁcﬁ as
dimethylformamide (DMF) and dimethylacetamide (DMA);
aromafichydrocarbonssuchaskmnzene,toluene;ethers
such as tetrahydrofuran (THF) , l1,4-dioxane;
halogenated hydroéarbons such as dichloromethane,
chloroform. ’

Thisvprocess is generally carried out by adding
Compound (II), to the solution of Compound (III),
condensing agent and additive.

Generally,whenCoﬁpound(II)isadded,themixture
is cooled. The temperature after addition depends on
the starting material, the solvent, or the'like, and
it is usually room temperature. -

The'reactiOn time after the adding depends on the
startiﬁg material, the solvent, or the like, and it
is usually from lhr to 24hrs.

After the reaction, the mixture is guenched with
Wéter, and extracted with organic solvent insoluble
with water such as ethyl acetate, chloroform, or the
liFe. The organic layer is washed by water such as

hydrochloric acid, saturated aqueous NaHCO3, brine, or
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the like. The washed organic layer 1is dried over
anhydrousAhagnesium sulfate or sodium sulfate, and
evapofated in vacuo. The target compound is purified
by the convéntional method such as silica gel
chromatography to obtain Compound (I).

The deprotection reactions, if necessary, can be
carried out according to the method described in the
aforeméntioned "Protective Groups - in Organic

Synthesis"”, the third edition.

Compound (I) can also be synthesized by following
Process B.

Process B

R
HN"Y RIRIR4RA N RERERIR!
— N_.
RAL + NN Ar - Ar
O RzNARza ‘ O RZN'RZa
1v) ) (I-1)

In the above formula, L is OH or a leaving group;
the same appiies hereinafter. |

This process is carried out by reacting Compound
(IV) such as carboxylic acid compound with piperazinyl
compound (V) in the presence of catalystviﬁ solvént.

Compounds(IV)maybepufchasedifitiscommercial,
or synthesized according to general methods obvious
to the person skilled in the organic chemistry from
commercial compounds, since the structure of Compound
(IV) is relatively simple. Compounds (V) cén be
obtained in Process C mentioned after.

The condition described in the above mentioned

T

Process A can be applied to this Process B, when
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carboxylic acid is used as compound (IV).

In case that L is a leaving group, an acid halide
(acid.chloride, or the like) or an acid anhydride can
be used as compound (IV),and_thenkibase[an.indrganic
bése such as potassium carbonate, sodium hydroxide,
or the like, or an organic base such as triethylamine
(TEA), diisopropylethylamine, pyridine, or the ;ike]

is preferably added.

The Compound (V) which isstaftingﬁmaterial of the
above P;océss B can be prepared according to the
following Process C.

Process C

1
R'E

N/\ R3 R3 R4 R* ' HN/\ R3 R3 R4 R4
N N

O g2N-g2a O g2N-g2a .
(I-2) V)
R'® represents aryl-(lower alkoxy)-C(=0)- or
heteroaryl-(lower alkoxy)-C(=0)- in the definition of
R!, or lower alkoxy—C(=O{—, tﬁat is, each acyl group

canbe easilycleavedasprotective groupof aminogroup.

Process C is the process forremovingof.acylgroup
from amino group of piperazinyl moiety.

Compound (I-2) can be synthesized by Process A
mentioned above.

The condition of Process C can be carried out
éccording1x>themethoddescribedjlltheaforementioned
"Protective Groups in Organic Synthesis", the third

edition.
]
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Above processes, all starting materials and
productcompoundsmaybésalts. The compounds of above
proceéses can be converted to salt according to a

conventional method.

The patents, patent applications and publications

cited herein are incorporated by reference.

The_pharmaceutical composition of the invention,
which containsvas effective components one type or-two
or more types of the.compound of the invention, can
be prepared according to a method usually used by using
pharmaceutical carriers, excipients and the like for
generalusejj1thisfiéld. Administration thereof may
be either oral Via tablets, pills, capsules, granules,
powders, liquids, and the like or parenteral dosing
via injections . such as intrévenous injections,
intramuscularinjections, andthe like, external agents
suchasointments, plasters, creams, jellies, cataplasm,
sbrays,lotions,eyedrops,eyeointments;andthelike,
suppositories, inhalation ageﬁts{ and the like.

As the solid composition for oral administration,
tablets, powders, granules and the like are used. . In
such a solid composition, one or more active substances
aremixedwithat least one inert excipient, for example,

lactose, mannitol, glucose, hydroxypropyl cellulose,

microcrystalline , .cellulose, starch,
polyvinylpyrrolidone, magnesium metasilicate
aluminate, or the like. According to general methods,

the composition may contain inert additives such as
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lubricants, e.g., magnesium stearate, or the like;
disintegrators, e.g., sodium carboxymethyl starch, or
the.like; and dissolution auxiliary agents. The
tablets or pills may be coated with sugar coating or
stomach-soluble or enteric coating.

Examples of the liquid composition fof oral
administration include pharmaceutically acceptable
emulsions, liguids, suspensions, syrups, elixirs, or
the like, in which inert solvents for general use such
as purified water; ethanol, or the 1like <can be
incorpo;ated. In addition to the inert solvents, the
composition may further contain auxiliary agents such
as solubilizing agents, mbistening agents and
suspending agents; -sweéténiné agents; flavoring
agents; aromatic agents and preservatives.

Examples of the injections for parenteral
administration include sterile aqueous or noh—aqueous
liquids, suspensions and emulsions. The aqueous
solvents include, for example, distilled water for
injections and physiological saline. The non-aqueous
solvents include, for example, propylene glycol,
polyethylene glycol, vegetable oils such asblive oil,
alcoholé such as ethanol, Polysorbate 80. (under trade
name) and the like. Such compositions may further
contain isotonic agents, preservatives, moistening
agents, emulsifying agents, dispersing agents,
stabilizers and dissolu£ion auxiliary agents. These
are sterilizedby filtering through bacteria-retaining
fi}ters, by incorporating sterilizing agents, or by

irradiation. Alternatively, these may be produced
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into a sterile solid composition and then dissolved
or suspended in sterile water or sterile solvents for

injections prior to use.

While the dosage of therapeutically effective
amount of the Compound (I) depend upon the age and
condition of each individual patient, an average single
dose of about 0.01 mg, 0.1 mg).l mg, 10 mg, 50 mg, lOQ
mg, 250 mg, 500 mg and 1000 mg of the Compound (I) may
beeffectivefortreatingtheabovermentioheddiseases.
Ingene;al,amountsbetween0.0lmg/bbdyandabout1,000
mg/bpdy may be admihiétered per day. The dose 1is

administered once or in separate portions.

THE BEST MODE FOR CARRYING OUT THE' INVENTION

The following Examples are given only for the
purpose of illustrafing the present invention in more
detail.

The following abbreviations areused in the Tables.
Ex:EXamplenumber,REx:Referenceexamplenumber,Str:
Structure, Dat: physicochemical data (FAB:
FAB—MS(M+H)+, FAB-N: FAB-MS (M-H) , ESI: ESf—MS(M+H)+,
ESI-N: ESI-MS(M-H) , NMR1l: & (ppm) of characteristic
peaks ~of 'H-NMR in DMSO-ds, NMR2: & (ppm) of
characteristic peaks of 'H-NMR inCDC1l3), Sal: salt (HCLl:

hydrochloride, TsOH: p-toluenesulfonate, Ox: oxalate,

Frm: formate, "-" or blank column: free compound, the

numeral before a component means molar ratio, for
example 2HC1l means dihydrochloride), Syn: production
Ey R

method (each numeral indicates a similarly produced
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Example or Reference example number), Me: methyl, Et:
ethyl, Pr: l-propyl, tBu: tert-butyl, Ac: écetylL'Ph:
phenYi, Bn: benzyl, Boc: tBu-0-C(=0) -, and Ms:
Me-S (=0)2-. In addition, the numeral before each
substituent shows the position of substitution, for
example, 2,6-(OMe),-Ph means 2,6—dimethoxyphenyl and

2-F-6-OMe-Ph means 2-fluoro-6-methoxyphenyl.
Reference example 1

To a stirrea mixture of 3-(R)-t-butoxy-
caernylamino—4—(3,4—difluorophenyl)butyricacid(75
ﬁg) and HOBt (35 mg) in DMF (3 mL), was addea WSCD
hydrochloride (50 mg) at ice—bath temperature. The
mixture was stirred for 30 minutes at room temperature,
thenl—acetylpiperazihe(32mg)wasaddedtothemixture
at ice-bath temperature. After addition, the

resulting mixture was stirred for overnight at room

‘temperature. The reaction mixture was poured into

water (15 mL) and extracted with ethyl acetate. The
organic . layer was washéd. with Dbrine, dried over
magnesiuﬁ sulfate, and concentrated in vécuo. The
residue’ was = purified by silica gel column
chromatographyelutingwithchloroform/methanol(50:1
to 10:1) to give . t-Butyl
[(2R)-4-(4-acetyl-1l-piperazinyl)-1-(3,4-difluoro-
phgnyl)—4—oxobutyl]car5amate (100 mqg) .

Reference example 2
S R
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To -a solution of t-butyl [(2R)Y-4-(4-
benzyloxycarbonyl—l—piperazinyl)—l—(3,4—difluoro—
phenyl)—4—oxobutyl]carbamate {333 mg) in'ethanol (10
mL), was added 10% palladium on carbon (70 mg). The
resulting mixture was stirred under atmospheric
hydrogen at roomtemperature for 4.5 hours. Themixture
was filtered through Celite and washed with ethanol.
The filtrate was concentrated in vacuo to give t-Butyl
[(2R)-4-(l-piperazinyl)-1-(3,4-difluoro-phenyl)-4-

oxobutyl]carbamate'(246 mg) as a colorless solid.
Reference example 3

Toastirredmixtureof2—methoxybehzoicacid(15.0
mgd and HOBt (14.7 mé) in DMF (300 ulL), was added WSCD
hydrochloride (20.8 mg) at ice-bath temperature.q‘The
mixture was stirred for 1 hour at room temperature,
then a solution of t-butyl [(2R)-4-(l-piperazinyl)-
1-(3,4-difluorophenyl)-4-oxobutyl]carbamate (37.8
mg) in DMF (150 pL) was added dropwise to the mixture
at ice-bath temperature; After addition, the
resuiting-mixture was stirred for overnight at room
temperature. The. reaction.mixture was poured into
saturated sodium hydrogen carbonate aqueous solution
and extractedwithethyl acetate. The combinedorganic
layer was washed with brine, dried over magnesium
éulféte, and cohcentratéd in vacuo. The residue was
purified by silica gel column chromatography eluting
wiichloroform/methanol(50/lt020/1)togivet—Butyl

[ (2R) -4- (2-methoxybenzoyl-l-piperazinyl)-1-(3,4-
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difluorophenyl)-4-oxobutyl]carbamate (50.8 mg).
Reference example 4

To a solution of diethyl 5-({4-[(benzyloxy)-
carbonyl]—1—piperazinyl}carbonyl)isdphthalate (1.10
g) in ethanol (5 mL).was added a solution of potassium
hydroxide (136mg) inethanol (4mL) at roomtemperature,
and the mixture was stirred at same temperature for
5.5hours. Thereactionmixturewasevaporatedinvacuo
and the'residue was dissolved in water. The aqueous
layer was washed with ethyl ether, adjusted to pH3 with
1 mol/L hydfochloric acid, and extracted. with
chloroform. The organiclayerwasdriedover magnesium
sulfate, and evaporated in vacuo. The residue was
crystallizedlfrom a mixture of hexane and isbpropyl
ether (1/1) to give 3-({4-
[(benzyloxy)carbonyl]—l—piperazinyl}carbonyl)—5—

(ethoxycarbonyl)benzoic acid (810 mg) as crystals.
Reference example 5

To 'a mixture of 3-({4-[(benzyloxy)carbonyl]-
l-piperazinyl}carbonyl)-5-(ethoxycarbonyl)benzoic
acid (1.00 g), THF (12.5 mL), and t-butanol (12.5 mL)
were added di-t-butyl dicarbonate (495 mqg) and
4—dimethylaminopyridine.(27 mg) at room temperature
under nitrogen, and the mixture was stirred at room
teTperature for 18 hours. To the mixture were added

di-t-butyl dicarbonate (495 mg) and
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4-dimethylaminopyridine (10 mg), and the reaction
mixture was stirred for another 8 hours. The sdlvent
was removed in vacuo, and the residue was partitioned
between water and ethyl acetate. The organic layer was
separgted, washed with water and brine, dried over
magnesium sulfate, and evaporated in vacuo. Obtained
colorless solid was triturated with a mixture of
petroleum ether and hexane (1/1) to give t-butyl ethyl
5-({4-[(benzyloxy)carbonyl]~-l-piperazinyl}-

carbonyl)isophthalate (1.00 g) as a colorless powder.
Reference example 6

To a suspensionof chelidamicacidmonohydrate (1.0
g) in ethanol (10 ﬁL) was added sulfuric acid (1 mL)
on an ice-water bath, and the mixture was heated to
reflux with stirring for 1 hour. After cooiing, the
reaction mixture was concentrated in vacuo. The
residue was adjusted to pHS5 with saturated sodium
bicarbonate aqueous solution, and the precipitates
formed were filtered off. The filtrate was washed with
ether, and concentratéd in vacuo. The résidue"was
dissolved in water, and the soluﬁion was filtered
through HP-20. The solutionwas concentrated invacuo,
and the residue was triturated with isopropyl ether
to give 6-(ethoxycarbonyl)-4-hydroxy-

2—pyridinecaxboxylic acid (260 mg) as a powder.

Reference example 7
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To a solution , of 3-(ethoxycarbonyl) -
5—nifrobenzoic acid (2.00 g) in methanol(30 mL) was
addede/C(ZOOmg). The mixture was agitated under 2.5
atmhydrogen atmosphere for 4 hours at room temperature.
The rea;tion mixture was filtrated and the filtrate
was concentrated in vacuo. The residue (1.74 g) was
dissolved in pyridine (20 mL). To the solution was
added methylsulfonyl chloride (644ul) and stirred for:
3 hours at room temperature. -The reaction mixture was
concentrated in vacuo. To the residue was added ethyl
acetateland 1 mol/L hydrochloric acid. The organic
layer was separated, washed with brine, dried over
magnesium sulfate and concentrated in vacuo to.obtain
3—(ethoxycarbonyl)—5—[(methylsulfonyl)aminoj—

benzoic acid as pale red solid (1.29 qg).
Reference example 8

To a mixture of t-Butyl [(2R)-4-[4-(4-
methoxycarbonylbenzoyl)-1-piperazinyl]-1-(2,4,5-
trifluorophenyl)-4-oxobutyl]lcarbamate (190 mg), THF
(5.0 mL§ and methanol (1.5 mL) was added 1 mol/LlNéOH
aqueous solution (1.0 mL) at:O°C. After the reaétion
mixture was stirred at room temperature for 1.5lhours,
1 mol/L hydrochloric acid (1.0 mL) was added to the
reactionmixture at 0°C. The solution was concentrated
under reduced pressuré and was added water. The
precipitates were collected by filtration, then washed
wiFh water to give t-Butyl

[(2R)-4-[4-(4-carboxybenzoyl)-l-piperazinyl]-1-(2,
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4,5-trifluorophenyl)-4-oxobutyllcarbamate (180mg) as

white solid.

Reference example 9

A mixture of t-Butyl [k2R)—4—[4—(4—cyanQ—
benzoyl)—1Fpiperazinyl]—1—(2,4,5—trifluorophenyl)—
4-oxobutyl]carbamate (250 mg), NaN; (75 mg), NH4Cl (65
mg) and DMF (10.0 mL) was stirred at 100°C for 20 hours.

The :eaction- mixture was’ diluted. with_ water and

extractedwithchloroform. The extractwas washedwith
. brine and dried over magnesium sulfate. The solvent

"was evaporated in vacuo and the residue was purified

by silica gel column | chromatography
(chloroform:methanolélOOEO to 85:15) to give t-Butyl
[(2R)-4-[4-(4-tetrazol-5-ylbenzoyl)-1-
piperazinyl]-1-(2,4,5-trifluorophenyl)-4-

oxobutyl]carbamate (240 mg) as colorless solid.
Reference example 10

Triethylamine (0.44 mL) was added to a éuspension
of hydroxylamine hydroéhloride (250 mg) in
dimethylsulfoxide (DMSO, 5.0 mL). An insoluble
material was filtered off and washed with THF. The
Filtrate was concentrated in vacuo to remove THF, and
t-Butyl [(2R)—4—[4—(4fc§anobenzoyl)—1—piperazinyl]—
1—(2,4,5—trifluorophényl)—4—oxobutyl]carbamate (250
mg) was added to the DMSO solution. After stirring at

T

75°C for 18 hours, the reactionmixture was diluted with
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water and extracted with ethyl acetate. To the agueous
solution was added 1 mol/L NaOH agueous solution and
extracted with ethyl acetate (3 x 30 mL). The combined
organic solution was washed with brine and dried over
magnesiumsulfate. Thesolventwasevaporatedinvacﬁo
and the residue was purified by silica gel column
chromatography (chloroform:methanol=100:0 to 75:25).
The obtained compound (180 mg) was dissolved inpyridine
(0.050 mL) and DMF (2.0 mL) and 2-ethylhexyl
chloroformate (0.060 mL) was added dropwise to the
solution under ice—cooling.- After stirring at 0°C for
30 min, the reaﬁtion mixture was diluted with water,
and extracted with ethyl.acetate. The extraét was
washed with water and dried over magnesium sulfate.
The solvent was evaporated in vacuo and the residue
was dissolved in xylene (3.0 mL). The solution.was
heated under reflux for 2 houfs. The reactioﬁ.mixture
was concentrated in vacuo and purified by silica gel
column chromatography (chloroform:methanol=100:0 to
90:10) to give t-Butyl [(2R)-4-[4-[4-(5-0x0-1,2,4-
oxadiazol-3-yl)benzoyl]-1l-piperazinyl]-1-(2,4,5-
trifluorophenyl)-4-oxobutyl]carbamate (100 mg) .

Inasimilarmanner tothe above Reference examples,
the compounds of Reference examples 11 to 154 shown
in the following Tables 1 to 5 were obtained,
fespectively. Structurés and physic6chemical data of

the compounds of Reference examples 1 to 154 are shown

intTables 1 to 5.
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Boc F

REx R5

Dat

NMR2: 1.39 (9H, s), 2.13 (3H, s), 2.53 (2H,
d, J=5Hz), 2.75-3.10 (2H, m), 3.30-3.75
(8H, m), 4.07 (1H, brs), 5.38 (1H, brs),
6.80-7.20 (3H, m); ESI: 426.

REx 1

3 . 2-OMe-Ph

NMR1: 1.28 (9H, s), 2.53-2.38 (2H, m),
2.69-2.56 (1H, m), 2.89-2.71 (1H, m),
3.20-3.01 (2H, m), 3.44-3.31 (2H, m),
3.64-3.44 (4H, m), 3.79 (3H, s), 4.03-3.84
(1H, m), 6.83-6.70 (1H, m), 7.43-6.97 (7H,
m); ESI: 518.

REx 3

11 | 2,6-(OMe).-Ph

NMR1: 1.28 (9H, s), 2.68-2.40 (3H, m),
2.84-2.70 (1H, m), 3.20-2.97 (2H, m),
3.62-3.21 (6H, m), 3.73 (3H, s), 3.73 (3H,
s), 4.08-3.82 (1H, m), 6.84-6.66 (3H, m),
7.09-6.97 (1H, m), 7.41-7.12 (3H, m); ESI:
548.

REx 3

12 2-OMe-5-F-Ph

NMR1: 1.28 (9H, s), 2.67-2.38 (3H, m),
2.84-2.68 (1H, m), 3.21-3.02 (2H, m),
3.72-3.30 (6H, m), 3.77 (3H, s), 4.04-3.88
(1H, m), 6.83-6.71 (1H, m), 7.40-6.99 (6H,
m); ESI: 536.

REx 3

13 | 2-OMe-5-CI-Ph

NMR1: 1.28 (9H, s), 2.55-2.41 (2H, m),
2.71-2.56 (1H, m), 2.85-2.71 (1H, m),
3.20-3.02 (2H, m), 3.72-3.30 (6H, m), 3.79
(8H, s), 4.07-3.86 (1H, m), 6.83-6.70 (1H,
m), 7.08-6.91 (1H, m), 7.12 (1H, d, J = 8.5
Hz), 7.41-7.17 (3H, m), 7.46 (1H, d, J = 8.5
Hz); ESI: 553.

REx 3
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14

2,4,6-(OMe);-Ph

NMR1: 1.28 (9H, s), 2.70-2.41 (3H, m),
2.86-2.70 (1H, m), 3.20-3.01 (2H, m),
3.70-3.21 (6H, m), 3.72 (3H, s), 3.72 (3H,
s), 3.80 (3H, s), 4.09-3.82 (1H, m), 6.26
(1H, s), 6.26 (1H, s), 6.85-6.72 (1H, m),
7.10-6.94 (1H, m), 7.41-7.12 (2H, m); ESI:
578. -

REx 3

15

Q.0

WL
OMe

NMR1: 1.28 (9H, s), 2.70-2.41 (3H, m),
2.86-2.71 (1H, m), 3.23-3.04 (2H, m),
3.80-3.36 (6H, m), 3.87 (3H, s), 4.11-3.81
(1H, m), 6.84-6.70 (1H, m), 7.08-6.92 (1H,
m), 7.41-7.12 (3H, m), 7.31 (2H, bs), 7.65
(1H, s), 7.85 (1H, d, J = 8.5 Hz); ESI: 597.

REx 3

16 |

2-F-6-OMe-Ph

NMR1: 1.28 (9H, s), 2.68-2.41 (3H, m),
2.83-2.69 (1H, m), 3.25-3.08 (2H, m),
3.68-3.33 (6H, m), 3.80 (3H, s), 4.08-3.82
(1H, m), 6.84-6.70 (1H, m), 6.89 (1H, dd, J
=9.0,10.5 Hz), 6.96 (1H, d, J = 10.5 Hz),
7.08-6.96 (1H, m), 7.58-7.12 (3H, m); ESI:
536.

REx 3

Table 2-1

o)
RS.)J\N/\ F

REx

" Rs

SynA

4-(CO3zH)-Ph

ESI: 550.

REx 8

HN
N=N

ESI: 574.

REx 9

10

ESI-N: 588.

REx
10
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Table 2-2
NMR1: 1.26 (9H, s), 2.21 (3H, s), 2.75-2.38
. (3H, m), 2.97-2.77 (1H, m), 3.20-3.01 (2H, L
20 2-OMe-Ph m), 3.88-3.20 (6H, m), 4.11-3.96 (1H, m), |REx
' 6.82-6.69 (1H, m), 7.60:7.14 (6H, m); ESI:
536.
NMR1: 1.26 (9H, s), 2.21 (3H, s), 2.75-2.38
1(3H, m), 2.97-2.77 (1H, m), 3.20-3.01 (2H,
21 2-Me-Ph m), 3.88-3.20 (6H, m), 4.11-3.96 (1H, m), |[REx
6.82-6.69 (1H, m), 7.60-7.14 (6H, m); ESI:
520. ~
NMR1: 1.27 (9H, s), 2.71-2.40 (3H, m),
Q.0 2.93-2.79 (1H, m), 3.22-3.01 (2H, m),
H N,S‘ 3.78-3.33 (6H, m), 3.87 (3H, s), 4.14-3.91 RE
22 | M, \@ (1H, m), 6.83-6.70 (1H, m), 7.58-7.22 (3H, x
OMe |m), 7.31 (2H, bs), 7.65 (1H, s), 7.86 (1H, d,
J =9.0 Hz); ESI: 615.
Q.0
23 H2N’S]©\/ ESI: 637, 639. REx
F cl
24 9-F-6-OMe-Ph |ESI: 554. REx
25 | 2,6-(OMe)2-Ph |ESI: 566. REx
26 3-Ms-Ph ESI: 584. REx
_ ,
27 - | ESI: 537. -|REx
OMe
N .
28 | ESI: 521. REx
N
Me
=
29 | ESI: 521. REx
Na
3 Me
P
30 E\l\r ESI: 521. REx
N~ Me
31 3-CN-Ph ESI: 531. REx
32 | 2-OMe-3-F-Ph |ESI: 554: REx
S
g3 | Me~¢ ]/ ESI: 541. REx
b N
Me
34 | 3-(NHAc)-Ph |ESI:563. REx
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Table 2-3
N/Q\ '
35 \‘/N\©/ ESI: 572. REx 3
N'Nﬁ .
36 \\/N\©/ ESI: 573. REx 3
37 Ph ESI: 528. REx 3
38 4-CN-Ph ESI: 531. REx 3
39 |2-OMe-4-SMe-Ph|ESI: 582. REx 3
_N
40 Lﬁ ESI: 557. REx 3
o)
41 rj; ESI: 524. REx 3
N
o)
| :
492 MeQ:HJ/ ESI: 588. REx 3
o)
43 Me ESI: 466. REx 1
44 | 2-OMe-4-F-Ph |ESI: 576. REx 3
45 3-COzMe-Ph |ESI: 586. REx 3
46 3-CO:H-Ph ESI: 572. REx 8
47 | 2-OMe-5-C1-Ph |ESI: 592, 594. REx 3
ON
48 ESI: 623. REx 3
CO,Et
49 | 4-(CO:Me)-Ph |ESI: 564. REx 3
50 MeO,C \SI ESI: 584. REx 3
. S )
51 Hozcﬂ ESI: 556. REx 8
ON
59 _ ESI: 595. REx 8
COH
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Table 2-4
53 | 8,5-(COzEt)2-Ph |ESI: 650. |REx 3
54 | 3,5-(COzH).-Ph |ESI: 594. REx 8
| EtO.C
55 ’ Q/ ESI: 578. REx 3
HO.C
56 | ‘ f | ESI: 551. REx 8
N ,
MeO,C '
57 \©/ ESI: 580. REx 3
OH
58 | 2-(CO:Et)-Ph |ESI: 578. REx 3
HO,C
59 | \©/ ESI: 566. REx 8
OH
)“l : _
ESI: 565. REx 3
601 Meo,c
2y
ESI: 551. REx 8
oL Hoc
Me02C )\l
62 “ | ESI: 565. REx 3
EtO,C. N
63 BN | ESI: 595. REx 3
OH
HO" _ |
64 ) ESI: 580. REx 8
COH
65 ,O ESI: 584. REx 3
Et0,C
MeO .
66 Kj/ ESI: 594. REx 3
MeO,C
~4
67 g | ESI: 507. REx 3
N
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Table 2-5
68 | ,O ESI: 556. |REx 8
HO,C
69 | 4-(CONH,)-Ph |ESI: 549. REx 3
MeO.
70 Kj/ ESI: 580. REx 8
HO,C
7
HO,C” N _
72 ESI: 592. REx 3
MeO,C
, N
73 | L | ESI: 580. REx 3
EtO,C” N
N
60 < ESI: 565. REx 3
| MeO,C
74 |4-(CH:CO:H)-Ph |ESI: 564. REx 8
75 4-(NHMs)-Ph |ESI: 599. REx 3
76 | 4-(SO:NHz)-Ph |ESI: 585. REx 3
77 | 4-(NHAc)-Ph |ESI: 563. REx 3
=
78 g ESI=579. REx 3
EtO,C” N~
79 4:(CH2C0:Me)-Ph|ESI: 578. REx 3
80 | 4-(CH:OH)-Ph |ESI: 536. REx 3
81 B-(CH2COzMe)-Ph|/ESI: 578. REx 3
82 ,©/\/ ESI: 578. REx 8
HO,C
, MeO,C : \
83" \©/\/ ESI: 592. REx 3
HO,C
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Table 2-6
85 | 3-(CH:CO:H)-Ph |ESI: 564. |REx 8
86 |4-[(CH2)sCO2H]-Ph|ESI: 592. REx 8
87 4-(CO2Me)-Bn |ESI: 578. REx 3
88 U-[(CH2)2COzEt]-Ph ESI: 606. REx 3
89 |4-[(CH2)2CO:H]-Ph|ESI: 578. REx 8
90 4-(NHBoc)-Ph  |ESI: 621. REx 3
91 4-(COz2H)-Bn ESI: 564. REx 8
92 | 3-(CO-NH-Ms)-Ph |ESI: 627. REx 3
0
93 Pr-SO,~\ ESI: 655. REx 3
H
94 |4-(CO-NH-Ms)-Ph |ESI: 627. REx 3
HO,C
95 ’ f)\/ ESI: 579. REx 8
Me - Me
o}
96 HN;:jiJ/ ESI: 575. REx 3
0
97 | 3-Br-5-CO:H-Ph |ESI: 628, 630. REx 8
98 | 3-tBu-5-CO:H-Ph |ESI: 606. REx 8
N ESI: 655 REx 8
99 | prsosN $ 695
o)
N .
100 ¢ ]@/ ESI: 563. REx 3
'S
N
101 N~N]©/ ESI: 547. REx 3
“H
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Table 2-7
102 HOZC ESI: 626. o REx
OMe
103 Meozc\©/ ESI: 594. - REx
OMe A
104 HOzC@/ ESI: 580. | REx
N
105 <’N ESI: 546. REx
H
Me
106 j@'\/ ESI: 592. REx
MeO,C Me
Me
107 j@ ESI: 578. ’ REx
HO,C Me.
Cl ‘
108 j@( ESI: 632, 634. REx
MeO,C Cl
Cl
109 : j@\/ ESI: 618, 620. REx
HO,C Cl :
110 | 3-[(CH2):COzEt]-Ph |ESI: 606. REx
111 O;KD/ ESI: 562. ' REx
O
_ MeO,C .
112 ©/ ESI: 598, 600. REx
Cl
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Table 2-8
HO,C
113| \©/ ESI: 584, 586. REx 8
Cl
Br
114 ]@/ ESI: 642, 644. REx 3
MeOZC
Br A
115 j@/ ESI: 628, 630. REx 8
HO,C
MeOzC
116 ©/ ESI: 643. REx 3
SO,NH,
HO,C
117 ©/ ESI: 629. REx 8
- SO,NH,
Et0,C
118 \©/ ESI: 671. REx 3
NH-Ms
HO,C
119 \©/ ESI: 643. REx 8
NH-Ms
=z
120 C\/Q/ ESI: 579 (+Na). REx 3
N
N=N
121 HNN/)\Q/ ESI: 574. REx 9
O-N
122 ”)\©/ ESI: 590. 10
123 3,4-(COzH).-Ph |ESI-N:592. REx 8
MeOZC .
194 D/ ESI: 642, 644. REx 3
Br
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Table 2-9
HO,C .
125 D/ ESI: 628, 630. REx
Br ,
MeO,C
126 D/ ~ |ESI: 580. REx
HO™
HO,C
127 D/ ESI: 564. REx
HO
EtO,C
128 \Q/ ESI: 678. REx
: Boc
HO,C
129 ©/ ESI: 650. REx
| Boc
Boc
130! U ESI: 727. REx
CO-NH-Ms
F
131 D/ ESI: 582. REx
MeO,C
F
132 j@/ ESI: 566. REx
' HO,C
133 |ESI: 556.- REx
134 ESI: 586. REx
MeO
F
F
135 ESI: 636. REx
MeO,C F
F
F
F
136 |ESI: 622. REx
! HO,C” F
F
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Table 2-10
137 ' ESI: 614. REx 3
MeO,C :
138 ESI: 600. REx 8
HO,C
139 ESI: 574. REx 3
F .
74 )
140 N ESI: 545. REx 3
H
141(3-[(CH2):CO.H]-Ph|ESI: 578. , REx 8
. HO '
142 ESI: 608. REx 3
CO,Et
Table 3
R
N/\ F
LN
O HN.
Boc - °F
F
REx R! Dat Syn
- INMR1: 1.27(9H, s), 2.71-2.36(8H, m),
2.85(1H, dd, J = 4.5, 13.5 Hz),
143 H 3.56-3.20(4H, m), 4.10-3.88(1H, m), REx 2
7.80-7.68(1H, m), 7.58-7.20(2H, m); ESI:
402. .
144 Ph-O-CO- ESI: 522. REx 3
NMR1: 1,25(9H, s), 2.63-2.40(3H, m),
2.86(1H, dd), 3.59-3.24(8H, m),
145 Bn-0-CO- 4.12-3.91(1H, m), 5.10(2H, s), REx 1
6.82-6.70(1H, m), 7.53-7.22(7H, m); ESI:
, 536.
146 Ph-SO,- ESI: 542. REx 3
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0. .0
HO,C S
147 ESI: 630. REx 8
‘ COH
0. .0
MeO,C S
148 ESI: 658. REx 3
CO,Me
Table 4
]
R
\N/\
LN F
O HN.
Boc F
REx .R! Dat Syn
NMR2: 1.39 (9H, s), 2.45-3.20 (7H, m),
3.40-3.85 (6H, m), 3.90-4.15 (1H, brs), REx 2
2 H 5.20-5.45 (1H, br), 6.80-7.20 (3H, m); X
ESI: 384.
NMR2: 1.39 (9H, s), 2.40-2.60 (2H, m),
2.80-3.05 (2H, m), 3.25-3.70 (8H, m),
149 Bn-0-CO- 4.05 (1H, brs), 5.15 (2H, s), 5.42 (1H, REx 1
brs), 6.85-7.15 (3H, m), 7.30-7.45(5H,
m); ESI: 518.
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Table 5
REx Dat Syn
EtO,C N |
COH
Etozc\@rlLN
5 (_N__oBn |EST:497. REx 5
: b
Boc o)
EtO,C. N COZH
6 U ESI: 212. REx 6
OH
EtO,C CO,H |
7 Q ESI-N: 286. REx 7
NH-Ms
| HO COH _
150 ESI: 225. REx 4
CO,Et
MeO,C CO,H
151 \Q ESI-N: 258. REx 4
SO,NH, |
o) ,
152 @J\\/NH ESI: 363, REx 2
:rco H -
ESI: 197. REx 4
153 . EtO, C/EN
EtO,C COH
154 V\<)/ ESI-N: 221. REx 2

Exémple 1
[(?R)—4—(4—Acetyl—1—piperazinyl)—l—(3,4—difluoro—

5 phenyl)-4-oxobutyl]lamine hydrochloride

44
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To an ice cooled solution of t-butyl [(2R)-
4-(4-acetyl-1l-piperazinyl)-1-(3,4-difluorophenyl) -
4—oxobutyl]carbamate(95mg)in(HbClz(ZmL),wasadded
4 mol/L hydrogenchlbride in diokane (407 uL). The
mixture was stirred at room temperature for 1 hour.
The solvent was concentrated in vacuo, and the residue
was triturated with isopropylether/ethyl acetate to

give the target compound (73 mg) as a white solid.

"Example 2

(2R)—4—[4—(4—fluorobenzoyl)—1—piperazinyl]—
4-0xo-1-(2,4,5-trifluorophenyl)-2-butanamine
hydrochloride was prepared by a similar manner to the

method in Reference example 3, followed by the method

in Example 1.

In a similar manner to the above Examples 1 or 2,
the compounds of Examples 3 to 132 shown in the following
Tables 6 to 8 were obtained, respectively. Structures
and physicochemical data of the compounds of Examples

1 to 132 are shown in Tables 6 to 8.
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Ex

Sal

Dat

Me

HCI

NMR1: 2.02 (8H, s), 2.66 (2H, d, J=6Hz),

2.75-3.15 (2H, m), 3.25-3.85 (9H, m),
7.05-7.50 (3H, m), 8.05 (2H, brs); ESI:
326.

2-OMe-Ph

HCI1

NMR1: 2.62 (1H, d, J = 6.0 Hz), 2.69
(1H, d, J = 6.0 Hz), 3.01-2.76 (2H, m),
3.22-3.03 (2H, m), 3.77-3.38 (7H, m),
3.79 (3H, s), 7.26-6.95 (4H, m), :
7.51-7.28 (3H, m), 8.02 (2H, bs); ESI:
418.

2,6-(OMe)2-Ph

HCl1

NMR1: 2.61 (1H, d, J = 6.0 Hz), 2.68
(1H,d, J = 6.0 Hz), 3.02-2.78 (2H, m),
3.17-3.02 (2H, m), 3.78-3.30 (7H, m),
3.57 (3H, s), 3.74 (3H, s), 6.71 (2H, d, J
= 8.5 Hz), 7.21-7.04 (1H, m), 7.50-7.22
(3H, m), 8.00 (2H, bs); ESI: 448.

2-OMe-5-F-Ph

HCl1

NMR1: 2.60 (1H, d, J = 3.0 Hz), 2.68
(1H, d, J = 3.0 Hz), 2.91-2.81 (1H, m),
3.02-2.94 (1H, m), 3.19-3.08 (2H, m),
3.77-3.41 (7H, m), 3.78 (3H, s),

7 7.09 (3H, m), 730721(1H m),
7.33 (2H, m), 7.98 (2H, bs); ESI:

2-
77-
20-
45-

436.

2-OMe-5-CI-Ph

HCl1

NMR1: 2.61 (1H, d, J = 3.1 Hz), 2.68
(1H,d, Jd = 3.1 Hz), 2.91-2.81 (1H, m),
3.03-2.92 (1H, m), 3.19-3.08 (2H, m),
3.75-3.41 (7H, m), 3.80 (3H, s),
7.17-7.10 (2H, m), 7.30-7.26 (1H, m),
7.49-7.38 (3H, m), 7.98 (2H, bs); ESI:
452, 454.

2,4,6-(OMe)s-Ph

HCl

NMR1: 2.62 (1H, d, J = 6.0 Hz), 2.68
(1H, d, J = 6.0 Hz), 3.02-2.78 (2H, m),
3.19-3.02 (2H, m), 3.62-3.24 (7H, m),
3.73 (6H, s), 3.80 (3H, s), 6.27 (2H, s),
7.21-7.08 (1H, m), 7.50-7.32 (2H, m),
8.03 (2H, bs); ESI: 478.
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Table 6-2
NMR1: 2.61 (1H, d, J = 6.0 Hz), 2.68.
- (1H,d, J = 6.0 Hz), 3.05-2.78 (2H, m),
Q.0 3.21-3.06 (2H, m), 3.81-3.38 (7H, m),
HN™ 3.87 (3H, s), 7.20-7.04 (1H, m), 7.28 Ex
8 |2 \@ HCl\(1H, 4, J = 9.5 Hz), 7.32 (2H, s), 1
OMe 7.51-7.32 (2H, m), 7.66 (1H, s), 7.86
(1H, d, J = 9.5 Hz), 7.94 (2H, bs); ESI:
4917.
NMR1: 2.61 (1H, d, J = 6.0 Hz), 2.68
(1H,d, J = 6.0 Hz), 3.09-2.77 (2H, m)
3.28-3.09 (2H, m), 3.79-3.37 (7H, m), Ex
9 2.F-6-OMe-Ph |HC][3-81 (3H, s), 6.89 ([1H, dd, J = 8.5, 10.0 1
Hz), 6.97 (1H, d, J= 8.5 Hz), 7.20-7.02
(1H, m), 7.99 (2H, bs), 7.52-7.32 (3H,
m); ESI: 436.
NMR1: 2.76-2.59 (2H, m), 3.05-2.79 (2H,
0o m), 3.80-3.31 (9H, m), 7.21-7.06 (1H, m),
‘ .S 7.47-7.32 (2H, m), 7.49 (2H, bs), 7.67 Ex
10 | “ HN \©/ HCl |(1H,d, J = 4.5 Hz), 7.67 (1H, d, d = 4.5 | 1
Hz), 7.86 (1H, s), 7.97-7.87 (1H, m),
7.98 (2H, bs); ESI: 467.
) E
11| 3-COH-Ph |HCI |ESI: 432. L
Table 7-1
I
5 N/\ F
LN
O NH
2 F
F
Ex RS Sal Dat Syn
9 4-F-Ph HC1 |ESI: 423. Ex 2
NMR1: 2.64 (1H, d, J = 5.7 Hz), 2.72
(1H,d, J = 6.0 Hz), 3.02-2.86 (2H, m),
3.21-3.02 (2H, m), 3.71-3.38 (7H, m),
: 3.79 (38H, s), 7.01 (1H, dd, J = 7.0, 8.5 Ex
12 2-OMe-Ph HCI |Hz), 7.09 (1H, d, J = 8.5 Hz), 7.21 (1H, 1
d, J =7.0 Hz), 7.41 (1H, dd, J = 7.0, 8.5
Hz), 7.64-7.48 (2H, m), 8.19 (2H, bs);
i ESI: 436.

47




WO 2006/098342

PCT/JP2006/305064

Table 7-2
NMR1: 2.22 (3H, s), 2.64 (1H, d, J = 5.0
: Hz), 2.74 (1H, 4, J = 6.0 Hz), 3.02-2.82 | o
13 2-Me-Ph HCl |(2H, m), 3.21-3.02 (2H, m), 3.80-3.42 1
(7H, m), 7.38-7.14 (4H, m), 7.65-7.48
(2H, m), 8.13 (2H, bs); ESI: 420.
_ NMR1: 2.66 (1H, d, J = 6.0 Hz), 2.73
o (1H, d, J = 5.5 Hz), 3.03-2.88 (2H, m),
\\S,.O 3.21-3.04 (2H, m), 3.80-3.35 (7H, m), o
14 | HN HCl |3:88 (3H, s), 7.29 (1H, d, J = 9.0 Hz), 1
7.33 (2H, bs), 7.62-7.48 (2H, m), 7.65 ‘
OMe (1H, s), 7.86 (1H, d, J = 9.0 Hz), 8.11
-|(2H, bs); ESI: 515.
0.0
15 HZN’S:Q\/ HCl |ESI: 537, 539. El"
F Cl
. Ex
16 | 2-F-6-OMe-Ph |HC] |ESI: 454. 1
. Ex
17 | 2,6-(OMe),-Ph |HC1 |ESI- 466. .
. Ex
18 3-Ms-Ph HC] |ESI: 484. 1
= ) E
19 | 2HC1|ESI: 437. a
OMe
N E
20 & 2HCI|ESI: 421. N
N
Me
# : E
21 N 2HC1|{ESI- 421. 1x
NS
Me
& o E
22 o 2HC1|ESI- 421. lx
: Me
. Ex
23 3-CN-Ph HCl |ESI: 431. 1
. Ex
24 | 2-OMe-3-F-Ph |HCI |ESI: 454. 1
M S Ex
25 e | HCl |ESI: 441. A
N
Me
' ‘ . Ex
26 3-(NHAc)-Ph |HC] |ESI- 463. :
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Table 7-3
/==
27 N\\/N\©/ oHC1|ESI: 472. Elx
) Ex
28 3-NO,-Bn HC] |ESI: 465. .
N‘Nﬁ Ex
29 \‘/N\(j/ oHC1/ESI: 473. 1_
. Ex
30 Ph HCl |ESI: 406. -
) Ex
31 4-OMe-Ph HCl |ESI- 435. P
- Ex
32 4-NO,-Ph HCc1 |ESI: 450. .
) Ex
33 4-Ms-Ph ‘HC1 |ESI: 483. .
. Ex
34 4-CN-Ph gcl |ESI: 431. :
; Ex
35 |2-OMe-4-SMe-Ph |HC1 |ESI: 482. )
N
36 (D/ ofC1 ESI: 457, E1X
Rx_
0
37 j:jo/ HCl |ESI: 424. Elx
_xnn
o)
| ' I: 488 Ex
38 Mem HC1 |ES 88. )
o)
. E
39 Me HC1 |ESI: 344. 1x
. Ex
40 | 2-OMe-4-F-Ph |HC1 |ESI: 454. )
NMR1: 2.6-2.8 (2H, m), 2.85-3.15 (4H,
) m), 3.3-3.8 (7H, m), 7.5-7.75 (4H, m), Ex
41 | 3-CO,H-Ph | HCl |7 95 (1H, s), 8.03 (1H, dt, J = 7.4, 1.4 1
Hz); ESI: 450.
‘ . Ex
42 | 2-OMe-5-CI-Ph- |HC1 |ESI: 470, 472. 1

49




WO 2006/098342 PCT/JP2006/305064
Table 7-4
O,N
43 | \Q/ Hc1 |[FAB: 523, Elx
CO,Et
. | Ex
44 | 4-(CO,Me)-Ph |HC1 |FAB: 464. A
NMR1: 2.61-2.81 (2H, m), 2.86-2.98 (1H,
m), 2.98-3.09 (1H, m), 3.21-3.36 (2H, m),|
3.36-3.55 (4H, m), 3.58-3.68 (2H, m), Ex
45 4-(CO,H)-Ph |HC1|3.68-3.78 (1H, m), 7.49-7.65 (2H, m), 1
‘ 7.54 (2H, d, J = 8.8 Hz), 8.00 (2H, d, J =
8.8 Hz), 8.16 (2H, br s), 13.12 (1H, br s);
FAB: 450.
S
46 MeO,C \ | ‘1HC1 |ESI: 484. El}.(
: S
47 | HOC—C) HC] |ESI: 456. Elx
O,N
48 HCl |ESI: 495, Ex
COH
. Ex
49 | 3,5-(CO;Et).-Ph | HC1 |[FAB: 550. 1
NMR1: 2.61-2.81 (2H, m), 2.87-2.97 (1H,
m), 2.98-3.15 (2H, m), 3.39-3.63 (6H, m),
3.62-3.70 (1H, m), 3.69-3.78 (1H, m), Ex
50 | 3,5-(CO2H).-Ph | HCI |7 48-7.64 (2H, m), 8.15 (2H, d, J = 1.6 1
Hz), 8.15 (2H, br s), 8.52 (1H, dd, J =
1.6, 1.6 Hz); FAB: 494.
EtO,C._~ E
51 | 2HC1|ESI: 479. X
N
NMR1: 2.60-2.81 (2H, m), 2.86-3.10 (2H,
HO,C._~ m), 3.25-3.81 (9H, m), 7.49-7.66 (2H, m),| o
59 W 9oHC1!8.12 (3H, br), 8.30 (1H, t, J=2.2 Hz), 1
N 8.86 (1H, d, J=2.2 Hz), 9.14 (1H, d,
J=2.2 Hz); ESI: 451.
MeO,C
. Ex
53 HC1 |FAB: 480. 1
OH
‘ ) Ex
54 | 2-(CO,Et)-Ph |HC1 |FAB: 478. 1
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NMR1: 2.57-2.82 (2H, m), 2.86-2.98 (1H,
m), 2.98-3.09 (1H, m), 3.34-3.52 (4H, m),

3.52-3.67 (4H, m), 3.67-3.81 (1H, m),

HO (o}
7.03 (1H, dd, J = 1.5, 0.9 Hz), 7.36 (1H, | Ex
55 HCl |4d, J = 0.9, 0.9 Hz), 7.42 (1H, dd, J = 1
OH 1.5, 0.9 Hz), 7.49-7.64 (2H, m), 8.13
(2H, br s), 10.21 (1H, s), 13.07 (1H, br
s); FAB: 466.
N
. E.
56 g 9l C1|ESI: 465. X
MeO C
N
_ . E
57 J;J/ oHC1ESI: 451. 1x
HO,C
MeO.C
58 2 jiNJ/ HCl |ESI: 465. e
\
EtO,C. N
| . Ex
59 ™ oHC1/ESI: 495. 1
OH
NMR1: 2.38-2.55 (1H, m), 2.53-2.69 (2H,
m), 2.78-2.92 (1H, m) 311341(2H m),
HO 3.30-3.80 (6H, m), 3.94-4.13 (1H, m),
4.60 (2H, d), 536551(1H m), Ex
60 HCl |7.9177.38 (1H, m), 7.38-7.55 (1H, m), 1
CO,H 7.59 (1H, s), 7.80 (1H, s), 7.99 (1H, s),
8.13 (2H, br s), 13.11 (lH br s); ESI:
480.
61 J[:j‘ HC] |FAB: 484. %?
EtO,C
MeO g E
62 Kj/ qol |EST: 494. .
MeO,C
= . E
63 - | 91 C1|/FAB: 407. lx
N
64 Ji:j\ HC)] |FAB: 456. %?
’ HO,C
] Ex
65 | 4-(CONH,)-Ph |HC1 |FAB: 449. 1

51




WO 2006/098342 PCT/JP2006/305064
Table 7-6
MeO _ .
66 ' ]@/ ESI: 480. lx
HO,C
NMR1: 2.61-2.79 (2H, m), 2.84-3.08 (2H,
O/ m), 6.21-3.90 (9H, m), 7.49-7.65 (2H, m),| Ex
671 Ho.c” W 2HCl|g.03 (1H, d, J=8.1 Hz), 8.06-8.17 (3H, 1
2 m), 8.75 (1H, s); ESI: 451. :
68 /©/\/ HCl |ESI: 492. Elx
MeO,C
/N .
69 L ]/ o"HC1|/ESI: 480. Elx
Et0,C” N
' . Ex
70 | 4-(CH,CO,H)-Ph | HC1 |ESI: 464. :
. Ex
71 | 4-(NHMs)-Ph |HC1 |FAB: 499. :
. Ex
72 | 4-(SO;NH;)-Ph |HC1.|[FAB: 485. A
: Ex
73 | 4-(NHAc)-Ph ‘| HC1 |FAB: 463. -
=z .
74 J:E/ oHCl|ESI: 479. Elx
EtO,C” N
. Ex
75 |4-(CH,CO,Me)-Ph| HCI1 |ESI: 478. 1
i . Ex
76 4-(CH,OH)-Ph |HC1 |ESI- 436. ;
. Ex
77 [3-(CH3CO;Me)-Ph{TsOH|ESI: 478. A
78 ON ESI: 478. Elx
HO,C
MeO,C .
79 ? \©/\/ HC] |ESI: 492, Elx
HO.C
go| ° \g\/ ESI: 478. Elx
- - Ex
81 | 3-(CH.CO,H)-Ph | HC1 |ESI: 464. .
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Table 7-7
. E
82 |4-[(CH,)3sCO,H]-Ph |HC1|ESI: 492. 1x
: E
83 4-(CO,Me)-Bn |HC1|ESI- 478. lx
. E
84 |4-[(CH,),CO,Et]-Ph| Ox |ESI: 506. 1x
} ' E
85 |4-[(CH;),CO,H]-Ph |[HC1|FAB: 478. 1?‘
: . E
86 4-NH,-Ph b C1ESI: 421. 1x
Ex
87 7/©/ HC1|FAB-N: 472.
HNN\ - . 1
N=N
88 4-(COzH)-Bn ESI: 464. Elx
. E
89 | 3-(CO-NH-Ms)-Ph |HC1|ESI: 527. 1x
o}
90 Pr"SOZ\N)‘\@/ HC]. ESI: 555. Elx
H
: E
91 | 4-(CO-NH-Ms)-Ph |HC1|ESI: 527. 1x
HO,C .
92 ’ f | b CIESI: 479. Elx
Me” N° Me
0
93 HN;\]Q/ Hel|ESI: 475, Elx
0
94 | 3-Br-5-CO,H-Ph |HC1|ESI: 528, 530. Elx
H - )
95 N HCl|FAB: 490. Elx
o< | :
oN
: E
96, | 3-tBu-5-CO,H-Ph ESI: 506. 1x
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Table 7-8
N : Ex
I Pr—SO{N\ﬂ/Q/ HC1ESI: 555. :
o)
N
98 | ¢ ]©/ HCI|FAB: 463. Ex
S
N |
99 N, D/ HClFAB: 447. Ex
N ' 1
H
HO,C
100 ESI: 522. Elx
CO,Et
101 HO,C HC1ESI: 526. Elx
OMe
102 HO.C " HC1ESI: 480. Elx
N
103 ¢ D/ HClESI: 446. Ex
H
Me
104 : , HCl/ESI: 478. Elx
HO,C
‘ Me
Cl
105 HCl ESI: 518, 520. Elx
: HO,C :
Cl
106 |3-[(CH2)2CO,Et]-Ph|0x |FAB: 506. lx
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Table 7-9
107 ‘O;©/ HCl |ESI: 462. Ex
O
HO,C
. Ex
108 \©/ HC1 |ESI: 484, 486. 1
o]
Br EA
109 D/ HC1 |ESI: 528, 530. lx
HO,C
HO.C NMR1: 2.60-2.84 (2H, m), 2.88-3.12 (2H,
2 m), 3.20-4.25 (9H, m), 7.50-7.60 (2H, m),|
110 HCI {7-65 (2H, br.s), 8.08 (1H, s), 8.14 (1H, 1"
 SO.NH s), 8.24 (2H, br.s), 8.44 (1H, s); ESI:
2V 2 529.
HO.C NMR1: 2.88-2.98 (2H, m), 2.98-3.10 (2H,
2 m), 3.07 (3H, s), 3.25-3.85 (9H, m), 7.48 E
111 HCl |(1H, s), 7.50-7.60 (2H, m), 7.66 (1H, s), 1"
17.88 (1H, s), 8.15 (2H, br.s), 10.25 (1H,
NH-Ms s); ESI: 543.
Z ) E
N
N=N
HN, i E
113 N)\©/ HC1 FAB: 474. lx
O-N
o=<_ | . E
114 N HC1 |FAB: 490. 1X
H
. Ex
115| 3,4-(CO,H),-Ph |HC1 |[FAB: 494. 1
HO,C Ex
116 D/ Hel |ESI: 528, 530. .
Br
NMR1: 2.60-2.76 (2H, m), 2.84-3.06 (2H,
m), 3.12-3.26 (2H, m), 3.26-3.77 (7H, m),
. HO,C 7.00 (1H, d, J = 8.4 Hz), 7.49-7.64 2H, | o
117 D/ HCl |m), 7.73 (1H, d, J = 2.2 Hz), 7.84 (1H, 1
) HO dd, J = 8.4, 2.2 Hz), 8.06 (2H, br s),
10.86 (1H, br s), 12.68 (1H, br s); ESI:
466.

55




WO 2006/098342

Table 7-10
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HO.C NMR1: 2.48-2.80 (2H, m), 2.80-3.04 (5H,
2 m), 3.04-3.85 (9H, m), 7.44-7.66 (2H, m),|
118 Frm |7.74-8.04 (3H, m), 8.14 (1H, s), 8.16 L
CO-NH-M (1H, dd, J=1.8, 1.5 Hz), 8.60 (1H, dd,
-NR-MS J=1.8, 1.5 Hz); ESI: 571.
119 HC] |[ESI: 468. x
HO,C 1
. Ex
120 HC1 |FAB: 456. 1
. Ex
121 HCl |FAB: 486. )
MeO
F
FoA E
122 HCl |ESI: 522. L
-HO,C F
F
Ex
CUY | en [est: 500
123 HOZC/“/ le 1
124 F HCl |FAB: 474. Elx
125 {\j@/ 2HC1|FAB: 445. Ex
H
126 3'[(CH2)§C02H]'P Hcl |FAB: 478, Ex
HO
127 el |FAB: 508. Elx
CO,Et
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Table 8
R
N/\ F
LN
O NH,
2 F
F
| Ex R1 Sal Dat Syn
128 Ph-O-CO- TsOH |ESI: 422. Ex 1
129 Bn-O-CO- FAB: 436. Ex 1
130 Ph-SO,- Hcl |ESI: 442. Ex 1
0. .0
HOZ'C S
131 HC1 {ESI: 530. Ex 1
CO,H
0. .0
MeOZC S
132 Hc1 |ESI: 558. Ex 1
COMe

In order toillustrate the usefulness of the object
Compound (I), the pharmacological test is carried out

as shown in the following.

Inhibition test of human plasma DPP-IV
(1) Maferial and Method

Thé effect of test compounds on DPP-IV activity
in human plasma was evaluated with a modified version
of the assay described by Hughes et al (Biochemistry,
38, ppll597-11603 (1999)).
Briefly, 20 pL of human plasma were mixed with 20
140 mM

pL,of 80 mM MgCl, in assay buffer (25 mM HEPES,

NaCl, 1% RIA-grade BSA, pH7.8), and were incubated in
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room temperature for 60 minutes. Then the reaction was
initiated by the addition of both 20 pL of test compounds
and 20 pL of 0.2mM substrate (H-glycine-proline-AMC;
AMC is 7—amino—4—methylcoumafine), which were
dissolved in the assay buffer.

After 20 minutes incubation in room temperature
(kept in the dark), fluorescence was measured .
(Excitation - 380nm, Emission 460nm) . A
fluorescence-concentration curve of free AMC was
obtained using AMC solution in the assay buffer‘with'
appropriateconcentration. Plasma DPP-IV activities,
with or without the test compounds, were expressed as
the amount of product per minute per mL. The potehcy
of the test compounds as DPP-IV inhibitor was expressed

as IC50.

(ii) Results

The following ICsg values were obtained.

Table 9
Compound - ICs9g value for human plasma DPP-1IV

(nM)
Example 14 12
Example 52 2.0
Example 71 9.4
Ref. A 260
Ref. B _ 162
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Ref. A Ref. B

H HN
N ) F
o LN F ol

NHSO,Me O NH, .

Reference compounds Ref. A and Ref. B are disclosed

in WO 03/000181, Example 12 and 45, respectively.

It appeared, from the above-mentioned inhibition
test, that the compound (I) or pharmaceutically
acceptable salt thereof of the present invention has
an inhibiting activity against DPP-IV.

Therefore, the compound (I) or pharmaceutically
acceptable salt thereof is useful for treating or
preventing disease mediated by DPP-1IV, more
particularly useful for treating or preventing altered
glucose tolerance, glucosuria, hyperlipidemia,
metabolic acidosis, diabetes mellitus (type 1 and type
2), diabetic neuropathy, nephropathy, and secondary
diseases in mammals caused by diabetes mellitus.

Further, the compound (I) or pharmaceutically
acceptable salt thereof is usefﬁl for treating or
preventing aﬁtoimmune disease, artﬁritis, rejection
of tranéplantedlbrgans, systemic lupus erythematosus
(SLE),'acquired immunodeficiency syndrome (AIDS),
hypertension, atherosclerosis, gallbladder disease,

cancer, intestinal disease and dwarfism.

This application is based on Australian
Provisional Patent Application No.2005901293 filed on

March 16) 2005, the content o0f which 1is hereby
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incorporated by references.
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CLAIMS

1. A-compound of formula (I) or pharmaceutically

acceptable salt thereof.

. O _..N_
5 R?" "R? (1)

[wherein
Ar is aryl or heteroaryl, optionally subétituted;
R' is acyl; _
each R? is independently selected from the group
10 consisting of H and lower alkyl;
each R® is independently selected from the group
consisting of H and lower alkyl:
each R*® is independently selected from the group

consisting of H and lower alkyl.]

15
2. A compound of formula (Ia) or pharmaceutically
acceptable salt thereof.
X '
RS \N/\ R3 R3R4 R4
A
Ar
0] . :
R2” TR? (Ia)
[wherein
20 Ar is aryl or heteroaryl, optionally substituted;

each R? is independently selected from the group

consisting of H and lower alkyl;
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each R® is independently selected from the group
consisting of H and lower alkyl;

each R is independently selected from the group
consisting of H and lower alkyl;

5 R° is lower alkyl,
halogenated lower alkyl,
aryl optionally substituted,
heterocycle optionally substituted,
cycloalkyl optionally substituted,

10 aryl-0O optionally substitutedh
heterocycle-0 optionally substituted,
aryl-(lower alkyl) optionally substituted

on the aryl,
heterocycle-(lower alkyl) . optionally

15 substituted on the heterocycle,

aryl-(lower alkoxy) optionally substituted
on the~éryl, or

heﬁerocycle—(lower alkoxy) optionally
substituted on the heterocycle;

20 X is -C(=0)- or -S(=0)2-.]

3. A compound of formula (Ib) or pharmaceutically

acceptable salt thereof.

O ..N_
R?” "R? (Ib)

25 [wberein

Ar is aryl or heteroaryl, optionally substituted;
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each R? is independently selected from the group
consisting of H and lower alkyl;
each R? is independently selected from the group
consisting of H and lower alle;
each R? is independently selected from the group
consisting of H and lower alkyl:;
R° is lower alkyl,
halogenated lower alkyl,
aryl optionally substituted,
heterocycle optionally substituted,
cycloalkyl optionally substituted,
aryl-0 optionally substituted,
heterocycle-0 optionally substituted,
aryl-(lower alkyl) optionally substituted
on the aryl,
heterocycle-(lower alkyl) optionally
substituted on the heterocycle,
aryl-(lower alkoxy) optionally substituted
on the aryl, or
heterocycle-(lower alkoxy) optionally

substituted on the heterocycle.]

4. The'compound of Claim 1, wherein Ar is phenyl
optionélly substituted with substituent(s) selected
fromthe group consisting of lower alkyl, lower alkoxy,
halogen, hydroxy, cyano, nitro, amino, carbamoyl,

aminosulfonyl and carboxy.

5., The compound of Claim 1, wherein Ar is phenyl

optionally substituted with halogen atom(s).
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6.

The compound of Claim 3, wherein

optioﬁally substituted or heterocaryl

PCT/JP2006/305064

R°> is aryl

optionally

substituted;eachsubstituent(s)is(are)selectedfrom

the group consisting of lower alkyl,

halogen, hydroxy, cyano, nitro, amino,

lower alkoxy,

carbamoyl,

aminosulfonyl, carboxy, (lower alkoxy)-carbonyl, R®-S-

R®-5(0)-, R®-S0,-, R®-SO,NH-, R®-CONH-, R®-CONHSO,-,

RG—SOZNHCO—, lower alkyl substituted by 1 to 3 of R7,

heteroaryl and oxo; wherein R® is 1lower alkyl,

halogenated lower alkyl, or phenyl

optionally

substituted with halogen, lower alkyl or halogenated

lower alkyl; R’ 1is hydroxy, lower alkoxy, carboxy,

(loweralkoxy)—carbonyl<n:carbamoyl;andanyrdfrogen

atoms in carbamoyl or aminosulfonyl may be substituted

by lower alkyl.

7.

The compound of Claim 3, wherein R®> is aryl

optionally substituted with substituent(s) selected

from the group consisting of lower alkoxy, halogen,

aminosulfonyl, carboxy and (lower alkoxy)-carbonyl.

8.

is

9.

is-

10,

is

The'compound any one of Claims 1 to 6,

H.

The compound any one of Claims 1 to 8,

H.

The compound any one of Claims 1 to 9,

H-.
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11. A compound selected from:
(2R)—i—(3,4—Difluorophenyl)—4—[4—(2—methoxy—
benzoyl)—l—piperazinyl]—4—oxof2¥butanamine
hydrochloride;
(2R)-4-[4-(2-Methoxybenzoyl)-l-piperazinyl]-4-oxo-
1-(2,4,5-trifluorophenyl)-2-butanamine
hydrochloride;
(2R)-1-(3,4-Difluocorophenyl)-4-[4-(2,6-dimethoxy-
benzoyl)-1l-piperazinyl]-4-oxo-2-butanamine
hydrochloride;
(2R)f1—(3,4—Difluorophenyl)—4-[4—(5—fluoro—2—
methoxybenzoyl)-l-piperazinyl]l-4-oxo-2-butan-amine
hydrochloride;
3-({4-[(3R)-3-Amino-4-(3,4-difluorophenyl) -
butyryl]—1—piperazinyl}—carbonyl)—4—methoxy—
benzenesulfonamide hydrochloride;
3—k{4—[(3R)—3—Amino—4—(2,4,5—trifluorophenyl)—
butyryl]-l-piperazinyl}carbonyl)-4-methoxybenzene-
sulfonamide hydrochloride;
3-({4-[(3R)-3-Amino-4-(3,4-difluorophenyl) -
butyryl]—1—piperazinyl}carbonyl)benzenesuifonamide
hydrochloride;
3—({4—f(3R)—3—Amino—4—(2,4,5—trifluorophenyl)—
butanoyl]-l-piperazinyl}carbonyl)benzoic . acid
hydrochloride; -
4—({4—[(3R)—3—Amino—4r(2,4,5—trifluorophenyl)—
butanoyl]-l-piperazinyl}carbonyl)benzoic acid
hygrochloride;
5-({4-[(3R)-3-Amino-4-(2,4,5-trifluorophenyl) -
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butanoyl]-l-piperazinyl}carbonyl)isophthalic acid
hydrochloride; and
5-({4-[(3R)-3-Amino-4-(2,4,5-trifluorophenyl) -

butanoyl]—l—piperazinyl}carbqnyl)nicotinic acid
dihydrochloride. '
12. A compound of any one of Claims 1 to 11 for use .

as a medicament.

13. The compound of Claim 12 for use in the treatment
and/or prevention of Type 2 Diabete Mellitus in human

beings or animals.

14. A medicament comprising a compound of any one of

Claims 1 to 11 as an active ingredient.

15. A pharmaceutical composition comprising a
compound of any one of Claims 1 to 11 as an active
ingredient, in association with a pharmaceutically

acceptable carrier or excipient.

16. An inhibitor of DPP-IV consisting of a compound

of any one of Claims 1 to 11.

17. A method for treatment and/or prevention of Type
2 Diabete Mellitus which comprises administering an
effective amount of the compound of any one of Claims

1 to 11 to human beings or animals.

18. Use of the compound of any one of Claims 1 to 11
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for treatment and/or prevention of Type 2 Diabete

Mellitus in human beings or animals.

19. A commercial packagé comprising the
pharmaceutical composition containing the compound
identified in any one of Claims 1 to 11 and a written
matter associatedtherewith, whereinthewrittenmatter .
states that the compound can or should be used for

preventing or treating Type 2 Diabete Mellitus.
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