-1- DESCRIPTION Title of Invention: PIPERAZI NE COVPOUND HAVI NG A PCDS

“I NHI BI TORY EFFECT 5 Technical Field [0001] The present invention
relates to a piperazine conpound or a salt thereof, and a pharnmaceuti cal
conposition containing the piperazine conpound or salt thereof as an active
ingredient, 10 and in particular, to an-agent for preventing and/or
treating allergic disease and inflanmmatory di sease due to its hematopoietic
prostagl andi n D synt hase i nhi biti ngC&ECROARTI®ackgr ound Art 15[ 0002]

Prostagl angin 02 (PGD2) is t ' di [ e ased
in the Iapgle@te %&HFS%BW%?LJ@%%@@?@@%%@ wm%p%%%ng@?g%#ﬁ%ens
Wi th i munpgirmiul in E (NPL 1), and is considered to play an inportant role
in the 20 elucidation of allergic reactions. PG)2 is detected at a high
concentration in an asthmatic's bronchoal veolar fluid (NPL 2), and it was
reported thatnrencheeonstriction was i nduced by PGD2 inhalation in

ast hmati c Eati ents, but not in healthy subjects (NPL 3). 25[0003]

On the ot héPO%dnd, synthases that generate PGD2 are referred to as
prostagl andin D syntasgs-<REPS) nvdWoi S feress £yRe%iReRRE AP Rlotnd
prostagl andin D synthase and |ipocalin-type prostaglandin D synthase, are
known to exf st .saREDEhpaeef cigt s PBornaceiiel s €OMAREL edt SIBERILBHDS
various di s ncl udj rgi i g - i;snms of
e e i G e P S A R
pr oducttd onamd eirc pagicdenddrt ocdberyegygnef fectinayenhingeand et resetofg vari ous

di seases. 35[0004] ,.-.2- . ‘ he pqj.et] staglandin D
synt hases ?ﬁ?@é dellrsgaﬁeai %T%l/ ld}fétawggggﬁ ({Eh‘srr%hsghghg JE(Igleijt’iﬁoacent a, lung,
fetus |ivehemdtyopmuiendadeprbsieagl,arkidar D, syiyimass, iobhkitbng ewtiand spl een.
Moreover, at the cellular level, they are reported to be 5 expressed in
mcroglia in the brain, negakaryocyte, and Langerhans cells in the skin;
Kupf fer cebkiskdrvundealkiver; macrophages; and many antigen-presenting cells
such as dendritic cells, mast cells, and Th2 cells. [0005] 10Fromthe fact
that HPGDEHE nhi ghly expressed in nmast

Prostaglandin D2 (PGD2) is the inflammatory mediator
produced and released in the largest amounts by maét cells
activated by the binding of antigens with immunoglobulin E (NPL
1), and is considered to play an important rcle in the

20 elucidation of allergic reactions. PGD2 lis detected at a high
concentration in an asthmatic's bronchoalveolar fluid (NPL 2),
and it was reported that bronchoconstriction was induced by PGD2

inhalation in asthmatic patients, but not in healthy subjects

(NPL 3).
25  {0003]
| On the other hand, synthases that generate PGD2 are
referred to as prostaglandin D synthases (PGD3). Two different

types, hematopoletic prostaglandin D synthase and lipbcalin—type
prostaglandin D synthase, are known to exist. PGD2 participates

30 in the onset and exacerbation of various diseases, including
allergies, and in the regulatory mechanisms of the body;
therefore, pharmaceutical preparations that can ameliorate excess
production are considered to be very effective in the treatment
of various diseases.

35 [0004]



cells or inflammatory cells at nasal nucosa in allergic rhinitis, or nasa
"polyps in chronic sinusitis, it is thought that PG2 produced by H PGDS

pl ays an inportant role in the onset and exacerbation of allergic diseases,
such as asthma, rhinosinusitis, 15 dermatitis, and chronic obstructive

pul nonary di sease (NPL4). Further, the expression of HPAES is confirned in
the necrosed part of skeletal nmuscle, in which the expression of H PGS
does not general |y ogwen (NRESppoFetid hresteg$samdin tD isynsuggest 86-FEDay PGD2

duced b henmat opoi et i t agl andi th 20 ticipates i
R R R TR b R S
anyot r ophi Tyhst efcale, Sekeinsilssar)l thphes S W@RI0®iag row) Caiditdipiesaol i ti s,

rheumatoid arthritis, aﬂd g%{qgkf bstructive arterial djsease. [0006]
25Ther ef or ¥ PEBSE PRI YRS de¥kpectdy £6°f ERBCERH iaffon as a

phai maceut éﬁ@feﬁe%?@haﬁ&@ﬁo%i@ inS tusebid i8S mdiyagePbees, RiRventing and/ or
GD2 produced by a hematopoi etic prostaglandin D
EPpRIaS C

treating diseases in which ) ( .
synt hase olaRIHEEEISOFPLESt HerldyT Skart i edhghinsthg | 6vgiré di sease, 30

i nfl ammat ofy- di, 36388, Qﬂé%ﬁnﬂ%@{t(i ' ﬁrﬁf‘é’ééﬁt&% Eh €5 D@D dNigdh¥ri Q007]

There are sone reports on an PCDS 1 nhibitor (for exanple, PTL 1 and 2),

and Pat ent celler aastecells sciss &hZageHPEDS i nhi bitor having a structure

simlar to ghat, of the conpound 35 of the present invention. In addition,
. . [ ] . .

pi perazi ne conpounds have -3- been w dely studied as useful

phar meldbl ogi cal agenfson nteddeciobhao HERPEESzrahhbiitlor xpre688fl in mast

Patent Literpfdre 4.dischoses, 9,3 edgehoo zignal ing, 5 ibLbor, &
pi per azi ne"conpound havi ng a ¥ uryl” carbonyl™ piperazine Str ure: f 9]
Pat ent Literatane Dol W91 003MG#R) cdisdnliobess,a iw de thogghtofthpitp@Gazi ne

compounds as GOMPEWIAE BEAL 1N A%t ML A0 RALESSLUMENGING! Sing
exacerbation of allergic diseases, such as asthma, rhinosinusitis,

15 dermatitis, and chronic obstructive pulmcnary disease (NPL4}.
Further, the expression of H-PGDS is confirmed in the necrosed
part of skeletal muscle, in which the expression of H-PGDS does
not generally occur (NPL5). For this reason, it 1s suggested that
PGD2 produced by a hematopoietic prostaglandin D synthase

20 participates in diseases accompanied by tissue damage, such as
muscular dystrophy, amyotrophic lateral sclerosis, multiple
sclerosis, ulcerative celitis, rheumatoid arthritis, and chreonic
obstructive arterial disease.

[00086]

25 Therefore, an H-PGDS inhibitor is expected to find
application as a pharmaceutical preparation that is useful as an
agent for preventing and/or treating diseases in which PGD2
produced by a hematopoietic prostaglandin D synthase or a
metabolite thereof participates, such as allergic disease,

30 inflammatory disease, muscle necrosis, and traumatic brain injury.
[0007]

There are some reports on an H-PGDS inhibitor (for
example, PTL 1 and 2), and Patent Literature 3 discloses an H-
PGDS inhibitor having a structure similar to that of the compcund

35 of the present invention. In addition, piperazine compcunds have



Citation List Patent Literature [0010] 15PTL 1: W?2007-007778 PTL 2:

- WD2007- 041634 PTL 3: W2008-122787 PTL 4. W2007-054623 PTL 5: W99/ 007672
20 Non-patent Literature [0011] NFL 1: J. Imunol., 129, 1627-1631 (1982)
NFL 2: N. Eng. J. Med., 315, 800-804 (1986) 25NFL 3: N. Eng. J. Med., 311,
209- 213 (1984) NFL 4: Arch. OQol aryngol -klead Neck Surg., 133, 693-700
(2007) NFL 5: Acta Neuropathol., 104, 377-384 (2002) Sunmmary of Invention
30Techni cabe&i ohildemy] BALA] ed hes mrsiedfal yplodinectio lofyithe presentini adéntion is
to provide_a nov%% conpound that exhibits, at a | ow dose, a high
inhibitoryt%fgé%%E%ﬁ“g?%%?%ﬁ?andin D synthases; and, in 35 particular, on
H PCDS. -490¢®013] Another ancillary object of the present invention is to

provide a nmedicine with few side effects and high safﬁgy, hhe medi ¢i,ne
being effective, dueP¥eehtt Lifepedss rhidisciAgeact3or heglgehog signaling

5 inhibitor, a piperazine compound having a furyl carbonyl
piperazine structure.
[0009]
Patent Literature 5 (W099/007672) discloses a wide
range of piperazine compounds as compounds that interact with

10 potassium channels.

Citation List
Patent Literature
[0010]
15 PTL 1: WO2007-007778
PTL 2: WO2007-041634
PTL 3: WOZ2008-122787
PTL 4: WO2007-054623
PTL 5: WO99/007672
20
Non-patent Literature
[0011]
NPL 1: J. Immunol., 129, 1627-1631 (1982)
NPL 2: N. Eng. J. Med., 315, 800-804 (1986)
25 NPL 3: N. Eng. J. Med., 311, 209-213 (1984)
NPL 4: Arch. Otolaryngol Head Neck Surg., 133, 693-700 (2007)
NPL 5: Acta Neuropathol., 104, 377-384 (2002)

Summary of Inventicn
30 Technical Problem
[0012]
The primary object of the present invention is to
provide a novel compound that exhibits, at a low dose, a high
inhibitory effect on prostaglandin D synthases; and, in

35 particular, on H-PGDS.



5 preventing and/or treating diseases nedi ated by PG)2 generated by the
synt-hase or netabolite thereof. Solution to Problem[0014] 10The present

i nventors conducted extensive research on conpounds having an H PGDS

i nhibiting action, and found that a novel piperazine conpound represented
by Fornmula (1) has an extrenely excelleni-inhibiting action on H PGDS. The
i nventors conducted further research, and have acconplished the present 15
i nventi on. [§®OGN5] The present invention provides a piperazine
conpound, a pharnaceutl andin D, s

h .
i nhibitor, and an ad#it raﬁgggil%}%%JSFt %g:@?%éugsﬁpgeég%éé%&%§§80F%ted

W' th pr ostﬁag:l)@ra@ A R2d0fiRe NBItAPFkist §1&@Q§mfctsa§n@|9f$£qﬂ hedebel owhe | tem 1.
A pi perazi ne conpound represented by Fornula ( or a salt 25 thereof

[0016] [oongdicime bpingsef{gririgion fUeekp e@égntHsP obP I agoartEn, 10
represent s, Qs birakkyhnd/or treating diseases mediated by PGD2 generated by

the synthase or metabolite thereof.

Solution to Problem
[0014]

10 The present inventors conducted extensive research
on compounds haviﬁg an H-PGDS inhibiting action, and found that a
novel piperazine compound represented by Formula (I) has an
extremely excellent inhibiting action on H-PGDS. The inventors
conducted further research, and have accomplished the present

15 invention.

[0015]

The present invention provides a piperazine compound,
a pharmaceutical composition, a prostaglandin D synthase
inhibitor, and an agent for preventing or treating a disease

20 associlated with prostaglandin DZ or a metabolite thereof, as

described below.

Item 1.

A piperazine compound represented by Formula (I) or a salt
- 25  thereof,
[0016]

[0017]



R2 represents 01-6 al kyl that nmay have one or nore 5 substituents, 02-6
~al kenyl that may have one or nore substituents, -(C=0)-N(R3) (R4), or
-(0=0)-0R5, R3 and R4 are the sane or different, and each represents
hydrogen or 01-6 al kyl that nmay have one or nore substituents; or R3 and
R4, taken together with a nitrogen atom{¢{o 10 which R3 and R4 are attached,
may forma saturated heterocyclic group; and R5 represents

hydr ogen ofndi=i6: al kyl that nmay have one or nore substituents or aral kyl.
15ltem 2. The pi perazi ne conpound according to Item 1 or a salt thereof,
wherein X represent X CGI¥RICSERTR & o 2RI Ny 8pPBsents nethyl or ethyl; 20R2
represents 01-3 al kyg! t-Bat-88y:-hHave gngypr nore carbanmoyl or unsaturated
het erocycli c groups as substituents, propenyl that may have one or nore
car banoyl groups as %uﬁ??t@@@ﬁﬁ%f54(€£by N{RS) meR4haverong @XyOpR5; one of

R3 and ;R4 é@&éﬁ%’éﬁshg&_g%ﬁﬁc&% r ther %A;;erha%é EERT 6S6IS Clnbt &l ke o hat

may have one or nore Saturate unsatu at ed heterocyclic groups as
subst it uent =@ NB atRf ) R4prt akem)t-OF8t her with a nitrogen atomto which R3

and R4 are attached, for | Ldiny. i iLdi ny. i.perazinyl, and
nor phol i no; and 30R§¥?§%gegeg%§y%§§r%éﬁéléﬁnggﬁgggég%hf%Fi%ggg-butyl, or
benzyl . |temBsents hfieopeperadi neatbypolred acyohavegorteo okt mprd or 2 or a

salt 35 th?&éﬁ%itﬁ@%ﬁg?igx ﬁﬁéné ﬁ%pE%igHtgoég%ﬁg}'%gtN QIEEQrogen atom to
10 which R? and R* are attached, may form a saturated heterocyclic
group; and
R®> represents hydrogen or Ci-¢ alkyl that may have one

or more substituents or aralkyl.

15 Item 2.

The piperazine compound according to Item 1 or a salt thereof,
wherein

X represents CH or an N atom;

R® represents methyl or ethyl;

20 R? represents C;-3 alkyl that may have one or more
carbamoyl or unsaturated heterocyclic groups as substituents,
propenyl that may have cne or more carbamoyl groups as
substituents, —-(C=0)-N(R®) (R"), or -(C=0)-OR’;

one of R® and R’ represents hydrogen and the other

25 represents Ciy-¢ alkyl that may have one or more saturated or
unsaturated heterocyclic groups as substituents; or R’ and R,
taken together with a nitrogen atom to which R® and R’ are
attached, may form pyrrolidinyl, piperidinyl, piperazinyl, and
morpholino; and

30 R® represents hydrogen, methyl, ethyl, tert-butyl, or
benzyl.

Item 3.

The piperazine compound according to Item 1 or 2 or a salt

35 therecf, wherein



R represents nethyl; R2 represents 01_3 al kyl that may have any
- one 'of norpholinocarbanoyl and triazolyl groups as a substituent, -
5(C=0)-N(R3) (R4), or -(0=0)-0R5; and the triazolyl may have one or two

Ol -6 al kyl as substituents; one of R3 and R4 represents hydrogen
and the other represents 01-3 al kyl thatsmay have one or nore norpholino or
pyridyl groups as substituents; or R3 and R4, taken together with 10 a
nitrogen atomto whiXhrdfdemettRACArer atrt ichedn; may folt norpholino; and RS

represents hydrogen._jtem 4. 15 The, piperazi ne conpound according to any
one of Itens 1 to 3 %rr§p§3??nq%é$%%W}’mherein X represents CH RL
represents methyl; R? represents C:R2al&plesestt salyi heae Oy rad k¥l that may

have any one of 20 1,2 3-trjazolyl, 1,2, 4-triazolyl, and .

3, 5- di met hlpataf}%lﬁl-ocf%‘ffbaw%afgjsyﬁéléaﬁiﬂ t RS 9%&05%%‘1%4)7 or

- (0=0) -PR5{c=0) -N (R%) (R?} ,R3randcReh, -drékemd aget hefavb il andli haegesnatam to
which R3 and R4 are attached, may form norpholino; and R5 represents

hydr ogen. D% |Giem@d kythas pFettadis8teonpound according to Item 1 or salt

thereof selected frogpd he groyR; GENSESELNG QS hydrogen and the other
4-(4-(4-((l-rethyl pyrrol -2-y1)-carbonyl)-1- 30 '
pi per azi necepieamyils) fiperlyh-thagl jagehati ©ngeiog, more morpholino or

4-((l-meth ol -2-vy1)- yv:b) = 1- (A-3pYL iy din- 3- ;
J1 ot ) cal BRRm YRRRRY 13 o Be L By 102 1 prpar aai MELSPbEIaRgE with
4- ((1-Tfet hy| pitrraglen? ay din- tarionmyl R Nafd -K'4ag@-attached, may form
nnrpholinoetP Aéﬁyggangxé)-phenyl)-piperidin-4-y1)-1- 35
piperazine%%r oxani de,

R® represents hydrogen.

Item 4.
15 The piperazine compound according to any one of Items 1 to 3 or a
salt thereof, wherein
X represents CH;
R} represents methyl;
_ R? represents linear C;-3 alkyl that may have any one of
20 1,2,3-triazolyl, 1,2,4-triazolyl, and 3,5-dimethyl-1,2,4-
triazolyl as a substituent, -(C=0)-N(R® (R"), or —(C=0)-OR’;
R’ and R® taken together with a nitrogen atom to which
R® and R* are attached, may form morpholino; and
R® represents hydrogen.
25
Item 5.
The piperazine compound according to Item 1 or salt thereof
selected from the group consisting of:
4-{4-(4-{ (1l-methylpyrrol-2-yl) -carbonyl)-1-
30 piperazinecarbamoyl)piperidin-1-yl)-benzoic acid,
4-((l-methylpyrrol-Z—yl)—carbonyl)—Nu(l-(4"(pYIidin—3—
ylmethylcarbamoyl)phenyl)—piperidin~4—yl)—1—piperazinecarboxamide,
4- ({1-methylpyrrol-2-yl)-carbonyl}-N-(1-(4-(2-
morpholinoethylcarbamoyl}-phenyl)-piperidin-4-yl)-1-

35 piperazinecarboxamide,



-7- 4- ((1-met hyl pyrrol -2-yl)-carbonyl)-N-(1-(4-(4-

* nor phol i nyl car bonyl ) phenyl) - pi peri di n-4-y1)-1- pi perazi necarboxam de,
4- ((1-nmet hyl pyrrol -2-yl1)-carbonyl)-N-(1-(4-(1- 5

pi peri di nyl car bonyl ) phenyl) - pi peri di n-4-y1)-1- piperazi necarboxam de,
4-((I -met hyl pyrrol -2-y1)-carbonyl)-N-(1-74-(1-

pyrrolidinyl carbonyl ) phenyl) - pi peri di n-4-y1)-1- piperazi necarboxam de,
104- ((1- et hyl pyrr ol 4-2¢ {lbmetaybonydd 11 (dafiRer(il,)2N3-(1- (4- (4~
triazol-1-yl1)-ethyl)-phenyl).-niperidin-4-yl)-1-_ piperazi necarboxam de,
ol (Cio et T oA BRSO BT R P s iy P

triazol - 1- gipepuipyetrrpbeaylde pi peridi n-4-yl)-1- 15 pi perazi necar boxam de,
4-((l -met hyl pyrrol -2-y1).-carbonyl)- N (1-(4-(3-(3,5-

di met hyl - 1, 2, 4-tri azol ! él-"fﬁtgy%ﬁgﬁ%\t‘&ﬁ“éw I%?ﬁé%%\f%i)dﬂ“ﬁ-(&? yiy 4=

pi per azj negasdopBmydearbonyl) phenyl) -piperidin-4-yl)-i-

4- ((1-nmet hyl pyrraol -2-y1)-carbonyl)-N(1-(4-(3-(1,2,3- 20

triazol - 1- YIICTRGPPERTBREMII IS pi peri di n- 4-y1) - 1- pi per azi necar boxani de,
4- ((1-met hyl pyrrol - 23y 1) rchQay it r M -(A1~4=C3rbonyl) —N- (1- (4- (1-
nDrphollno-3-oxqppopen-1-y1)-pheny1)-p[perjqln-4-{1)-1-

pi per azi neRe¥ Hobiahinga capbany ) rhesvhy reipepidindryleatbonyl) - N- (1- (4- ( 3-
nmor phol i noz 3- r = -pi peridin-4-yl)-1- piperazi necarboxam de,
6- (4- (4-( (R?%eégt%y%n%g%%%%f)?%ﬁ%%% car bony1) - 1-

pi per al necar banoy1)4pl Pemiedhylpyyadl-#d-o80 Febebaryd,~N- (1-(4-(2-(1,2, 3~

ﬁgfbﬁgﬁfﬂi %%é%o%9%#%;%%%%%f§%€%$¥%%Eé?é%ﬁ%gqgéiy} jlBiperazinecarboxam’de,

4- ((1- et hyppysrolir2cptporanidmy 1) - N- (1- (4- (2- _

giD Lnglz: Rgggrﬁgi:%bgg—??lg]-%lhe%?%}bizg}:gfli—d}}lq_—éé¥%2>ﬁ§}]j) R (1-(4-(3-(1,2,4-
triazol-1-yl)-propyl)-phenyl)~piperidin-4-yl)-1i-

15 piperazinecarpoxamide,

4—((1—methylpyrrol—2—yl)-carbonyl)—N-(1—(4—(3—(3,5—
dimethyl~1,2,4—triazol—1—yl)—propyl)-phenyl)—piperidin—4—yl)f1—
piperazinecarboxamide,

4~ ( {1-methylpyrrol-2-yl)-carbonyl)-N-(1-(4-(3-(1,2,3-

20 triazol-1-yl)-propyl)-phenyl)-piperidin-4-yl)-1-
piperazinecarboxamide,

4- ({1-methylpyrrol-2-yl)-carbonyl)~N-(1-(4-(3—
morpholino-3-oxopropen-1-yl)-phenyl}-piperidin-4-yl)-1-
piperazinecarboxamide,

25 4—((1l-methylpyrrol-2~yl)-carbonyl)-N- (1- (4-{3-
morpholino-3-oxopropyl)-phenyl) -piperidin-4-yl)-1-
piperazinecarboxamide,

6= (4~ (4-{ (l-methylpyrrol-2-yl)-carbonyl}-1-
piperazinecarbamoyl)-piperidin-1-yl)-nicotinic acid,

30 4- ({1l-methylpyrrol-2-yl)-carbonyl) -N-(1-(5-(4-
morpholinylcarbonyl)pyridin-2-yl)-piperidin-4-yl)-1-
piperazinecarboxamide,

4- ({1-ethylpyrrol-2-yl)—-carbonyl)-N-(1-(4-(2-
morpholinoethylcarbamoyl)phenyl)-piperidin-4-yl)-1-

35 piperazinecarboxamide, and



- 8- 4-((l-ethylpyrrol-2-yl)-carbonyl)-N-(1-(4-(2-(1, 2/3-
triazol-1-yl)-ethyl)-phenyl)-piperidin-4-yl)-1- piperazi necarboxam de.
5ltem 6. A pharnmaceuti cal conposition conprising an effective
anount of at |east one of the conpounds according to Itens 1 to 5 or
pharmaceutically acceptable salts thereog- and a pharnmaceutically
acceptable carrier. 10 Item?7. A prostagl andin D synt hase

i nhi bi tor conpri si ngdan({efdtestl pyverairimil jetaabcoyipotid ladéer g g 2,8-any one
of Items 1 to 5 or. a.pha eutically accept.able |t thereof, and a 15
phaLnaceutFE%?%%;?%i¥%gfsgﬂgf%iﬁq%qg})XP%@?ﬁ .lQKﬁ_ggZﬁi_for preventing or
treating ap@pseasicassbokantde W th prostaglandin 02 or a netabolite

t hereof, the 20 agent conprising an effective anount of a conpound
according to any one of Itens 1 to 5 or a pharmaceutically acceptable salt
t her eofs amde@m gharnmaceutically acceptable carrier. Item 9. 25The agent
according to Item 8, wherein the di sease associated with prostagl andin 02
or a metabolite is o RIABEGHTAFaLaSERSTtAPR aRTRRGIS NG §BasEicqiiam 10.

30A met hod f9hnt ratbitngedsdi SRATT 2BE0EhRIQhAM LRCBEASARA ANGR02 Q& R
met abolite thereof, conprising admnistering to a patient in need of such
treat nent an efdwEdeps igablyitaeierdaplpesalihdhesrpdundnd epr esent ed by

Foi . mula (Lhafhadbiftalh 1t DeLe0l 39088 16
10
Item 7.
A prostaglandin D synthase inhibitor comprising an
effective amount of a compound according to any one of Items 1 to
5 or a pharmaceutically acceptable salt thereof, and a

15 pharmaceutically acceptapble carrier.

Item 8.
An agent for preventing or treating a disease
associated with prostaglandin D2 cor a metabolite thereof, the
20 agent comprising an effective amount of a compound according to
any ocne of Items 1 to 5 or a pharmaceutically acceptable salt

thereof, and a pharmaceutically acceptable carrier.

Item 9.
25 The agent according to Item 8, wherein the disease
associated with prostaglandin D2 or a metabolite is an allergic

disease or inflammatory disease.

Item 10.

30 A method for treating a disease associated with
prostaglandin D2 or a metabolite therecof, comprising
administering to a patient in need of such treatment an effective
amount of a piperazine compound represented by Formula (I) or a
salt thereof

35 [0018]



[ 0019] wherein X represents CH or an N atom 5RlI represents Cl-6 al kyl;

- R2 represents Cl-6 al kyl that nay have one or nore substituents, C2_6

al kenyl that may have one or nore substituents, -(C=0)-N(R3) (R4), or
-(C=0)-0R5, R3 and R4 are the sane or different, and each 10 represents
hydrogen or Cl-6 al kyl that may have onegor nore substituents; or R3 and R4
taken together with a nitrogen atomto which R3 and R4 are attached, my
forma saturated heterocyclic group; and R5 represents
hydrogen or Cl1_6 al kyl .that nay have one 15 or nore substituents or

aral kyl. Item 11. The t according to Item 10, wherein the disease
associ at ed wi th proftagllandin D2 or a netabolite thereof is an
allergic 20 di sease or i di sease. Item 12. A piperazi ne conpound
represented by Fornula | oK a $hlt Yher&bf for use in the treatnent of a

di sease associated wth 25 pro ndi /L%qa.netabollte t hereof [0020]

-10- [0021] wherein X represent 3TCH Nr 3;11:7T>
o R (I

)

[0019]
wherein
X represents CH or an N atom;
5 R! represents Ci¢ alkyl;

R? represents Ci-¢ alkyl that may have one or more
substituents, C,_¢ alkenyl that may have one or more substituents,
-{C=0)-N(R*) (R"), or —-(C=0)-OR°,

R? and R* are the same or different, and each

10 represents hydrogen or Ci;-¢ alkyl that may have one or more
substituents; or R’ and R! taken together with a nitrogen atom to
which R® and R* are attached, may form a saturated heterocyclic
group; and

R? represents hydrogen or Cig alkyl that may have one

15 or more substituents or aralkyl.

Item 11.
The method according to Item 10, wherein the disease associated
with prostaglandin D2 or a metabolite thereof is an allergic

20 disease or inflammatory disease.

ITtem 12.
A piperazine compound represented by Formula I or a salt thereof
for use in the treatment of a disease associated with
25 prostaglandin D2 or a metabolite thereof
[0020]



Rl - represents Cl-6 al kyl; R2 represents Cl-6 al kyl that may
have one or nore substituents, C2-6 al kenyl that may have one or nore
substituents, -(C=0)-N(133) (R4), or -(C=0)-0R5, R3 and R4 are the sane or
different, and each 10 represents hydrogen or C2-6 al kyl that nmay have one
or nore substituents; or R3 and R4 takenctogether with a nitrogen atomto
which R3 and R4 are attached, nay forma saturated heterocyclic group; and
135 represents hydrogen or Cl-6 al kyl that may have one 15 or nore
substituents or arq&iyl. ltem 13. Use of a piperazine conpound
represented by Fornu a salt thereof for treating a disease

associ ated with prost blan in D2 20 or a netabolite thereof [0022] [ 0023]
wherein X represents 7 tomp5R represents 01-6 al kyl;

R2 represents 01-6 al kyl thag§ may havg one or nore substituents, 02-6

al kenyl that may have one or &Pﬂbﬂts, -(6e=0)-N(R3) (R4), or
-(0=0)-0R5, R3 and R4 are the sane pr dlfferent,]an each 10 represents
hydrogen or 01-6 al kyl that may have oné\gp stituents; or R3 and R4
taken together with a nitrogen atomto which fm are attached, may
forma saturated heterocyclic group; and O ( B5) represents
hydrogen or 01 6 al kyl that may have one 15 or nore substituents or

aral kyl . Advant ageous Effects of Invention [0024] The present invention
provi des a novel piperazine 20 conpound represented by the above Formul a
(1) or a s&dizllhereof, which is useful as a prostaglandin D synthase
inhibitor;wﬁgggid n particular, as an H PCODS i nhi bitor.

an§
R

X represents CH or-an N atom;
5 R' represents Cy-¢ alkyl;

R? represents Ci-¢ alkyl that may have one or more
substituents, Cys alkenyl that may have one or more substituents,
-{C=0)-N (R®) (R*), or -(C=0)-OR’,

R? and R® are the same or different, and each

10 represents hydrogen or Cis alkyl that may have one or more
substituents; or R® and R? taken together with a nitrogen atom to
which R® and R are attached, may form a saturated heterocyclic
group; and

R’ represents hydrogen or Ci.¢ alkyl that may have one

15 or more substituents or aralkyl.

Item 13.

Use of a piperazine compound represented by Formula I or a salt
thereof for treating a disease associated with prostaglandin D2
20 or a metabolite thereof

[0022]



[ 0025] The pi perazi ne conpound or a salt thereof according to 25 the

- present invention has excellent HPODS inhibitory activity in vitro.
Further, it is revealed that the piperazine conpound or a salt thereof

exhi bits PGD2 production inhibiting action in a nasal cavity washing liquid
in guinea pigs wth antigen-induced -X2-1—+hinitis, and that the piperazine
conpound or a salt thereof has an excellent nasal congestion inproving

action. [0026] Thus, based on its excellent H PGDS inhibitory
activity, 5 the pipe i onpound or a salt thereof according to the
present invention is usgfful fas an agent for preventing and/or treating a
di sease associated with r netabolite thereof, such as an allergic
di sease and i nfl amrat ory & sedie, nd | expected to have ot her useful
- effects. 10 Description of Enb d| The plpera2|ne conmpound of

the present invention is a mh2|dﬂ conppoung rgpresented by Fornmul a
(I') or a salt thereof, 15[0028] I [ 029N whe e| X represents CH or
an N atom

10023]

wherein

X represents CH or an N atom;
5 R' represents Ci¢ alkyl;
R? represents Ci¢ alkyl that may have cne or more
substituents, Cs-¢ alkenyl that may have one or more substituents,
- (C=0)-N(R®) (R*), or —-(C=0)-OR’,
R} and R? are the same or different, and each
10 represents hydrogen or Ci;-¢ alkyl that may have one or more
substituents; or R® and R*® taken together with a nitrogen atom to
which R® and R? are attached, may form a saturated heterocyclic
group; and
R’ represents hydrogen or Ci_¢ alkyl that may have one

15 or more substituents or aralkyl.

Advantageous Effects of Invention
[0024]
The present invention provides a novel piperazine
20 compound represented by the above Formula (I) or a salt thereof,
which is useful as a prostaglandin D synthase inhibitor; and, in
particular, as an H-PGDS inhibitor.
[0025]
The piperazine compound or a salt thereof according to
25 the present invention has excellent H-PGDS inhibitory activity in
vitreo. Further, it is revealed that the piperazine compcund or a
salt thereof exhibits PGD2 production inhibiting action in a

nasal cavity washing liquid in guinea pigs with antigen-induced



20R1 represents Cl-6 al kyl; R2 represents 01-6 al kyl that may
have one or nore substituents, C2-6 al kenyl that may have one or nore
substituents, -(C=0)-N(R3) (R4), or -(0=0)-0R5; R3 and R4 are the sanme or
different, and each 25 represents hydrogen or Cl-6 al kyl that nmay have one
or nore substituents; or R3 and R4, taker4ogether with a nitrogen atomto
which R3 and R4 are attached, may fonii a saturated heterocyclic group; and
R5 represenhsniydy,oged bhadlthaldiperehate mynpeand onea sal3- t@ﬁrﬁ@gehas

substituents or eafl%lnl%ykasgfogogl@egggggi %ﬁégg\;ﬁr}% coppgynd of the present

i nvention, TER 1S represen r I'S a conpound havi ng both
(N- 5 al kylipgzépol - 2-yl ) carbonyl and (pi peridin-4-yl)am nocarbonyl, and is a

novel conpound not ecifically disclosed.in the repentioned_ literature.
[0031] For exanpl e, PE%é?'entf‘_’lsﬁdt épafﬁ? ee?e(q\}*ﬁ%ogﬁ(%%wl%!t FLCEda 4 wi de
range of ptRerggidiazGasposnssuidialr anbabt ttHdRE0S, abowevatg tRatant
Literature 3 is different fromthe present |nver%t|on in that tha conpound
of the preBERTEHnVENERSACRASS (i i 8P n23-3AF Uit RGCRT BB A7G4aF t i on,

Patent Li t@f:@éﬁ&% 3 I8 56858 £ Ll atleent tRb@misy arphpesedbdle teorperast havi ng
(N- 15 al kyl pyrrol -2-yl)carbonyl, which is_contained {n the conpound of the
present i n§edkidh.AFGLLREFIC A1 2NH el TBSLOEX afpFSUe $EF B bel ow,

the conpoupds.denPnst hatedoink he dBxanpkesc{Ref erence Exanples 12 to 17) of
Patent Literature 3 do not exhibit PGD2 production inhibiting action in a

nasal avity 20 washing liquid in guinea pigs with antigen-induced

rhinitis. %Q?«?ﬂp ion of Embodi t Literature 4 (W2007/054623) di scl oses
as an inhibrtor o% qhe(?geﬁog signaling a piperazine conpound having a furyl

car bonyl pilpe?2azi ne structure; however, Patent Literature 4 25 is different

fromthe present invenfion i .hat |_py | 2- I . i,n the
conpound of the pres@ﬁ% E?lr‘rljveé:%tzﬁg% Fé%@nﬁgg :C%gf%rr%%éncq;:rl g%éjfl&i‘ﬁ%t ﬁer,
Pat ent Litptattazink icomponpd etaine ssintedt babitetmiaPGEDE ¢nhi bialitnghacedon.
[0033]1§0P%8%] Literature 5 (W99/007672) discloses a furyl

RZ
TL
§ I\O\N)OI\N/\'

[C029]
wherein
¥ represents CH or an N atom;
20 R' represents Ci¢ alkyl;
R? represents C;¢ alkyl that may have one or more
substituents, Cs.s alkenyl that may have one or more substituents,
- (C=0) - (R%) (R*), or -(C=0)-OR’;
R?® and R are the same or different, and each
25 represents hydrogen or C;-¢ alkyl that may have one or more
substituents; or R® and R?, taken together with a nitrogen atom to
which R® and R? are attached, may form a saturated heterocyclic
group; and

R’ represents hydrogen or Ci¢ alkyl that may have one



car bonyl piperazine conmpound, a benzoyl pi perazi ne conpound, etc., as a
conpound that interacts with a potassium channel. However, Patent
Literature 5 does not disclose a conpound having (N

al kyl pyrrol -2-yl)carbonyl as in the present conpound, and is 35 conpletely
silent about H PGDS inhibiting action. -1-3H4- [0034] As shown in
the Test Exanpl es bel ow, a pi perazi ne conpound havi ng no

(N al kyl pyer ahe Wupsar boayts exhiebatkyhl nost no H PGDS i nhi biting action.

5[ 0035] Ex @@é of "substituents” in the present specification include

hal ogen, ? @il cyano, nitro, alkyl, hal ogenoal kyl, cycl oal kyl,

cycl oal kyl - al kyl, arfathdxygbipealalzenglco@d(mmybf Bh&k axyesehal dgeanal koxyhich

| oal k I | K I 10 al kylt hi
el oal kot Vi FeREn e Phofoing. 61 P2 emRR, PRy IGEeE) O kyl ani no,
acyl, ayl @K}Yyl@i&ol@af—?@)(&érbc&iylioxwma(}bi:p'eajj,dlar—al—ky] axireathdbylyl, and

carbannyl saturated or uns turated hetero ps, ,aromatic
hydr ocar bohS 3diUeat 64 REWR dEVbPB??lg 3yéb€ 8%%# “a substituent is

present, thecdandntiReedt hereaftdre.t ypi cally 1, 2, or 3. [0036]
In the substituents, exanples of hal ogen include chlorine, bromne,

fluorine, &Ae1lbdine. [0037] 20In the substituents, alkyl or hal ogenoal kyl

is preferably a strapghteQfnicansheshChi@ 06014 2l Jyl20869up2P87)2 group in
whi ch one to all of the hydrogén atons of the alkyl group is substltuted

wi th hel ogehsdlesms l@e&fléﬁoV@lgeE@rrﬁFLE@r@m%@mﬁéﬂéaeﬂéﬁmwn@béﬁp&‘ such as
methyl, etpyhs, mqqre%w exy+1§ angn}ﬁl:?r@ Hut ld’:Lf'fEQQHE yfron%%ebméent

tert- butyI pent and ogenoal Kyl groups such
trifluor orremhayrhtlc{roomphat the compoung @fné:fmjtpsfte;senénmvertt)mnoéﬁkyl is

prefer abl ¥ (Bueeifi: S 9L03) KGRy AN 2RI E80A MRl B e 3
is completely silent about a piperazine compound having (N-

15 alkylpyrrol-2-yl}carbonyl, which is contained in the compound of
the present invention. Further, as shown in the Test Examples
described below, the compounds demonstrated in the Examples
(Reference Examples 12 to 17) of Patent Literature 3 do not
exhibit PGD2 production inhibiting action in a nasal cavity

20 washing liguid in guinea pigs with antigen-induced rhinitis.
[0032]

Patent Literature 4 (W02007/054623) discloses as an
inhibitor of hedgehog signaling a piperazine compound having a
furyl carbonyl piperazine structure; however, Patent Literature 4

25 is different from the present invention in that (N-alkylpyrrol-
2-yl)carbonyl used in the compound of the present invention is
limited to furyl carbonyl. Further, Patent Literature 4 is
completely silent about H-PGDS inhibiting action.

[0033]

30 Patent Literature 5 (W099/007672) discloses a furyl
carbonyl piperazine compound, a benzoylpiperazine compound, etc.,
as a compound that interacts with a potassium channel. However,
Patent Literature 5 does not disclose a compound having (N-
alkylpyrrol-2-yl)carbonyl as in the present compound,; and is

35 completely silent about H-PGDS inhibiting actionm.



30 cycl obutyl, cyclopentyl, cyclohexyl, and cycl oheptyl. [0039] In the
~substituents, cycloal kyl-al kyl is preferably a Cl-6 al kyl group substituted
with a C3._7 cycloal kyl group, and exanpl es thereof include

cycl opropyl net hyl , cycl opropyl ethyl, 35 cycl obutyl net hyl,

cycl opentyl met hyl , and cycl ohexyl nmet hyl-14—15- [0040] In the substituents,
aral kyl is preferably a straight or branched Cl--6 al kyl group substituted
with a C6-1d03¢brati c hydrocarbon group, and exanples t her eof i ncl ude

benzyl, 5 phenyl et hy hen l.pr a hth th and_naph et hyl .
[ 0041] ]!r\‘ué e sryubgitgﬁgen‘?sn[% é;% |€'}slldp‘)"rl’e fePa yEE%l)%z

al kenyl gr otipoeert &iaring ﬁoca%bdmyﬂpybnﬁbdbtheabbodylaﬂduﬁxaspéhmoﬁmereof

i ncl ude vin thyl vin propenyl, 10 butenyl, pentenyl, and
hexenyl . %4%H§HD§/lnhnE Q¥ %ﬁh? “substituents, alkynyl is preferably a

C2-6 ahkynyboggpup contalnlng a carbon- carbon triple bond, and exanpl es
t hereof include ethynyl and propar gyl 0043]

e .
substituents, al koxyERH&A%FEno éP?iﬁﬁFQQQ ﬁre%%r%ﬁﬁ)P¥§S§PFa?Eﬁﬁ14;3aEF8ﬁched

C1-6 al koxXynGrQup h%rlotgaﬁ ah Pk AN, OBPaBs Pt eamyih H’!ﬂd@@%@aﬂ@??“ bed
above, and exanpl es t her eof i ncl'ude nethoxy, et hoxy, pr opoxy, i Sopropoxy,

1- 20 net hgyprepdsit, AYBLPakkyliaddide oxyal it a&@f@axly azl%yr%w Blkesy,
neopentyl Om{%o@&n; %& yl egsalogl%%onegépa%kyql £ Imeggnvéfmamoxy,

trifluoro |quoroethoxy, | uor oet hoxy,
trifludy oe@hbylﬁhlip 1 czczoabkyhfahko’rléétlhoxa,mlrmr fioner oe¥ mqalkslamlno,

40502 P R AL RE AR ok ST Prapaa oy, ano 2
-alkoxycarbonyl, aralkyloxycarbenyl, carbamoyl, saturated ox
unsaturated heterocyclic groups, aromatic hydrocarbon, saturated
heteroccycloxy group, etc. When such a substituent is present, the

15 number thereof is typically 1, 2, or 3.

[0036]

In the substituents, examples of halogen include
chlorine, bromine, fluorine, and iodine.
[0037]

20 In the substituents, alkyl or halogencalkyl is
preferably a straight or branched C; or C;4 alkyl group or a
group in which one to all of the hydrocgen atoms of the alkyl
group is substituted with halogen described above. Examples
thereof include alkyl groups such as methyl, ethyl, n-propyil,

25 isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, pentyl, and
hexyl; and halogencalkyl groups such as trifluoromethyl.

{0038]
In the substituents, cycloalkyl is preferably a Cain
cycloalkyl group, and examples thereof include cyclopropyl,

30 cyclobutyl, cyclopentyl, cyclchexyl, and cycloheptyl.

[0039]

In the substituents, cycloalkyl-alkyl is preferably a
Ci-¢ alkyl group substituted with a Cz7 cycloalkyl group, and
examples thereof include cyclopropylmethyl, cyclopropylethyl,

35 cyclobutylmethyl, cyclopentylmethyl, and cyclohexylmethyl.



In the substituents, cycloal koxy is preferably a C3_7 cycl oal koxy group,
and exanpl es thereof include cycl opropoxy, cycl obutoxy, cycl openthyl oxy,
cycl ohexyl oxy, and cycl oheptyl oxy. 30[0045] In the substituents,

cycl oal kyl -al koxy is preferably a al koxy group substituted with a C3..7
cycl oal kyl group, and exanpl es thereof -ilrsel ude cycl opr opyl net hoxy,

cycl opropyl et hoxy, cycl obutyl net hoxy, cycl opentyl net hoxy, and

cycl ohexyl b@@4{bixy. 35[ 0046] -16- In the substituents,

aral kyl oxy is preferably _an oxy.gr havyi e. af ar. IO : yl
group, and exanpl es é%ghgugﬁﬁfgﬁgﬂgkn%¥kgg¥%h%%gﬁggﬁgﬁgig,g%glaaghg
phenyl pr opyt dxaanchaghChy | avgtiy lgaoyp suids tnaphedyhetihyd @ SfGCAZE I n t he
substituegﬁs alkylthio is pgﬁ£erabI¥%a traight o% ?rﬁ?che Cl-6 al kylthio
group, and™EXERHATEST HEPERT Nt FHAEPHET YITHRCS, TR HYTE RIS “YA2 propyl t hi o,

i sopropy! thehyiRthiylly| phedylpsyit yhaphithylsetrhbuf yhtdimpHtertebig .l t hi o,
pentylthio, and 10 hexylthio. [0048] In the substituents,
cycloalkyl[%9$§hthio is preferably a 01_6 alkylthio group substituted with

a 03_7 cycloal kyl grayphaaRdpexanmpdes,t Rekenyl i NelgilFerably a Coe

cycl opropyl met hyl t hi o, 15 cycl opropyl et hylthi o, cycl obutyl met hyl t hi o,
cycl opent yAHEIHA GEPEP Gy ENshex FRRRASRPE. dpepkd)tond, and In the
substitue E- RMyARyE S AN AT AR B PEH DN GroBEny1,

o eubot RO thed: - AR, ARy LS A S e BBt al Kyl
gr oup,llandbebenipl epenherebi antkhggenyet hyl am no, di met hyl ami no, et hyl am no,
diethylaniﬂ&}“ﬂnd nmet hyl et hyl am no. [ 0050]

In the substituents, alkynyl 1s preferably a Ciyg
alkynyl group containing a carbon-carbon triple bond, and
examples thereof include ethynyl and propargyl.

15 [0043]

In the substituents, alkoxy or halogencalkoxy is
preferably a straight or branched C;s alkoxy group or the alkoxy
group substituted with halogen described above, and examples
thereof include methoxy, ethoxy, n-propoxy, isopropoxy, 1-

20 methylpropoxy, n-butoxy, isobutoxy, tert-butoxy, Z-methylbutoxy,
neopentyloxy, pentan-2-yloxy, flucromethoxy, difluorcmethoxy,
trifluoromethoxy, 1,l-difluorcethoxy, 2,2-diflucrcethoxy, 2,2,2-
trifluorcethoxy, 1,1,2,2-tetrafluorcethoxy, perfluoroethoxy, 3-
fluoro-2- {fluoromethyl)-propoxy, 1,3-difluoropropan-2-yloxy, and

25 2,2,3,3,3-pentafluoro-l-propoxy.

[0044] '

In the substituents, cycloalkoxy is preferably a Cz-
cycloalkoxy group, and examples thereof include cyclopropoxy,
cyclobutoxy, cyclopenthyloxry, cyclohexyloxy, and cycloheptyloxy.

30 [0045]

In the substituents, cycloalkyl-alkoxy is preferably a
Ci-s alkoxy group substituted with a Cs;7 cycloalkyl group, and
examples thereof include cyclopropylmethoxy, cyclopropylethoxy,
cyclobutylmethoxy, cyclopentylmethoxy, and cyclohexylmethoxy.

35 [0046]



In the substituents, cycloal kyl-al kylam no is an 25 al kyl am no group
substituted with the aforenentioned cycl oal kyl group, and exanpl es thereof
i ncl ude cycl opropyl et hyl am no, . cycl obut yl net hyl am no, and

cycl opentyl met hyl ami no. [0051] In the substituents, acyl is a straight or
branched 01-6 30 acyl group or benzoyl dreoup, and exanpl es thereof include
fornyl, acetyl, propionyl, n-butyryl, isobutyryl, valeryl, isovaleryl, and
pi val oyl . [0052] In the substitugptgharadbilexyicdt $redeyrbky am oxy
straight o LANEhA 1 y nz Q%%m p, and
exanpl es tﬁggggf %§§P%C?%Eé§ o?%%k%§y?&%% to%%?gg?6%¥%ny o%%?g

n- but yryl okheréshbbucy}ugeoken zyiazan y bbeyethwloxal, epheoripramd gxivval oyl oxy.

[0053] In th i , i carbonyl group 5
substituteéaﬁ?ﬁﬁﬁﬁkgkgﬁgéih€%%¥gﬁ%%%é?g%g%yﬁégﬁp, and exanpl es t her eof

i ncl udes nehoxyrar bonyl, et hoxycarbonyl, npropoxycarbonyl,

i sopr opoxycar bonyl , 1-nethyl pr xycar bonyl but oxycarbon .

i sobut oxycar bonyl , t%IFtJE qﬂ%%%ﬁgggﬁ%#ﬁﬁﬂ 4;%¥%Fﬁ§?bﬁ%§%?€gfﬁ§h¥|? straight
negpeptylo&yc@riﬂ%ﬁfﬁ C@@dalf?mﬁﬁio2g¥b0¢¥cﬁkg$m$hplég[ﬁﬁéﬁaoﬂ ﬁntmed% _ |
substituents, aral kyl oxycarbonyl is preferably a carbon) rou stitute
W th tho: aPGHBRE o G ST GRS Gk rgPBLb and SERERBY o e STy RN itte
benzyl oxycQEQQEWLthqlaengéby&@wﬂﬂwnyértwlth&@pyb%W%yland 15

napht hl net hyl oxycar bonyl , and napht hyl et hyl oxycar bonyl . [ 0055]

I n t hel&ubBBxylights, exanpl es of carbanoyl include - CONH2, (rmono- or

di -al kyl ) cagpagpyl, (nmono- or di-aryl)carbamoyl, (N-alkyl-N-aryl)carbanoyl,
pyrrolidinocarbanmoyl, 20 piperidi nocarbanoyl, Ei er azi nocar banoyl, and

mor phol i nocar banoyl . I 0gBgjsubstituents, qvglphé Ei&ﬁﬁhﬁhﬁ@ﬁps}SsEﬁQﬁﬁﬁﬁééYor
unsaturate et I [ r.ay noc ' bj iC
saturat ed %rﬁﬁﬁggi ?g#%g ﬁ%?gfg%gﬁﬁﬁgﬁgégdﬁghgﬁg?}ﬁﬁﬁﬁ%g%ggg%ybgéﬁgne of
oxygen, ni endgeremrdessaheneot preaflecabbyclieprpydimstinylofid, to 4. Exanpl es

t hereof. in I Ldi pLperidi.n i azi L, no,
nDrpth?no?b?ﬁﬁﬁﬁ%wg%gbg%ggL%bﬁ%%?%%gg?¥h§Fg§?§F%§h3%$€f%%§%§%&gﬁhﬂ&%agl

t et r ahydr opyd amyd Lchemivdmgthyl thitchi enyl , furyl, pyrrolyl, oxazolyl,

i soxazol yl g@' zolyl, 30 isothiazolyl, pyrazolyl, triazolyl, tetrazolyl,
pyridyl, p&? % , pyrimdinyl, pyridazinyl, indolyl, isoindolyl, indazolyl,
met hyl enedi oxyphenyl In ethyy |semedi oxgphenydonobenz oflikaiiyiiamino is an amino

dlhydrObenéggﬁé%Qrkﬁ-%%néglgaé§¥¥¥d%gd Q%%%Q§%?%E%Eémentioned straight or

20 branched Ci-s alkyl group, and examples thereof include
methylamino, dimethylamine, ethylamino, diethylamino, and
methylethylamino.

[0050]
In the substituents, cycloalkyl-alkylamino is an

25 alkylamino group substituted with the aforementioned cycloalkyl
group, and examples thereof include cyclopropylmethylamino, .
cyclobutylmethylamino, and cyclopentylmethylamino.

[0051]
In the substituents, acyl is a straight or branched Ci

30 acyl group or benzoyl group, and examples thereof include formyl,
acetyl, propionyl, n-butyryl, isobutyryl, valeryl, isovaleryl,
and pivaloyl.

[0052]
In the substituents, acyloxy is a straight.or branched

35 (i alkanoyloxy group or benzoyloxy group, and examples thereof



benzot hi azol yl , purinyl, quinolyl, isoquinolyl, quinazolinyl, and 35

“qui noxal yl. -18- [0057] In the substituents, aromatic
hydrocarbon is preferably a C6-14 aronmati c hydrocarbon group, and exanpl es
t hereof include phenyl and naphthyl. In the substituents, saturated

het erocycl oxy 5 group is a nonocyclic sdatiw ated heterocyclic group having
any one of oxygen, nitrogen, and sulfur in an anount of one or two, and

exanpl es thecbﬁmeiﬁuﬂmydeXQxya@ﬁtmmgs pavpi@pxipmwolhdbu@?:yhﬁxueridinyI,
plpera2|nyl hexamnet h 14 hi o phol in
honnplperaz?%b ty%ni: &hyﬁg% {#Eéﬁy' 1 Bv? éy%?&E?ogﬁga%3Yalé§loxy such as
t et rahydrof00amyl oxy and tetrahydropyranyl oxy. [0058] "01 .6

al kyl" represented b in Fornula (1) i.s a straight .or bra Cl-

al kyl group, and exa#br%ée tsﬁlg)rségguﬁ%é?’n&%%yﬁ%{kﬁ?f%ﬁ eth{l f:a 3ngflemu}-g
isoEeryldsﬁbe%ﬁdted &@b?twﬁiﬂdﬁﬁﬁémbutyb??dramM@&ylgr@mﬂfnﬂhﬁthm?g%%g?ese,
met hyl and ethyl are _prefer e is no ef erabl e

Exanpl es ofleFeeT énclgdg R gho%ﬁCQA%Qnggn %%Qﬂ%&f@réﬂ%§{ 20 have one or
more substpi THRRKeSend kBoim@r Mul-ghethy 1 Chofya) kyd
represented %55%??3 IS/h ese, 6§§§§§X§%Eylof%?- refgraz pf@ﬁd%?%atrgléht C1-3
al kyl suchbHEO¥EQQﬁPOHYéth%ﬁOb%ﬁﬂfﬁﬂﬁﬁéﬁyyleu@?ﬁﬁopétﬁﬁé$%ﬁQﬂﬂﬁir Fooee]yL-
25Exanp|esb9{0§¥ rﬁ%ﬂ?ﬁt'ﬁé%ﬁﬁ Hﬁ%g&ﬂ@b 1 6 Alkpbnthato MRy, have,ona .or

nore substitue représented by I ncl ude the above- nentloned
subst itent 805€ar banoyl or unsaturated heterocyclic groups are preferable;

nor phol i nocar banoy! ﬂqQ§&%¥ﬁ§%k¥£u@ﬁ@ rngfangf§§%§%¥66ny§an greferably a

nmor phol i nocar banoyl , trrazo trirazo
parti cul ar tyripeeflergble. Sﬂbﬁtiﬁuﬂﬂ%&mtht%@ehﬁkeﬁﬂeyti®@e@ﬁﬁu@§yhayyhave

bsti nmb f
ubst i tuonpeore o S5 BoR iRl Eheh e B e or v oo

al kyl that phayethyil®xyhaveooyk, arhamyrlersphbkd:itasetbsyly epresented by R2
i ncl Udl% rm]fl:l Oll"llr}noe% ! lfﬂoxy rlzlfbet h;yl, andzhgplggﬂyale%th/!Lo:ecgngrbonlylz 8-
[0053]

In the substituents, examples of carbamoyl include -
CONH;, (mono- or di-alkyl)carbamoyl, {(mono- or di-aryl)carbamoyl,
(N-alkyl-N-aryl)carbamoyl, pyrrolidinccarbamoyl,

20 piperidinocarbamoyl, piperazinocarbamoyl, and morpholinocarbamoyl.
[0056]

In the substituents, saturated or unsaturated
heterocyclic groups are preferably monocyclic or bicyclic
saturated or unsaturated heterocyclic groups that may have any

25 one of oxygen, nitrogen, or sulfur, preferably in an amount of 1
to 4. Examples thereof include pyrrolidinyl, piperidinyl,
piperazinyl, hexamethyleneiminec, morpholino, thiomorpholino,
homopiperazinyl, tetrahydrofuranyl, tetrahydropyranyl, imidazolyl,
thienyl, furyl, pyrrolyl, oxazolyl, isoxazolyl, thiazolyl,

30 isothiazolyl, pyrazolyl, triazolyl, tetrézolyl, pyridyl, pyrazyil,
pyrimidinyi, pyridazinyl, indolyl, isoindolyl, indazolyl,
methylenedioxyphenyl, ethylenedioxyphenyl, benzofuranyl,
dihydrobenzofuranyl, benzoimidazolyl, benzoxazolyl,
benzothiazolyl, purinyl, gquinolyl, isogquirolyl, gquinazolinyl, and

35 qguinoxalyl.



triazolyl-propyl, 1,2,4-triazolyl-propyl, 3,5-dinethyl-1, 2, 4-
triazolyl-ethyl, and 3,5-dinmethyl-1,2,4-triazolyl-propyl. 5[0062]

Exanpl es of the "C2_6 al kenyl" of the "C2_6 al kenyl that nay have one or
nore substituents” represented by R2 include C2_6 al kenyl descri bed above.
O these, vinyl is preferable. [0063] 1Q0Bxanples of the "substituents" of
the "C2_6 al kenyl that nay have one or nore substituents" represented by R2
i ncl ude théd@above- nenti oned substituents. Carbanoyl that may have one .or
nore substituents ishg)rﬁ{ era%lsgitan nor pholjcno ar

anpyl is.npore
preferabl e. 15[ 0064] € su BRI 8SOBF the yo%f_c@gﬁfjﬁy]ra BEERERYEL 6
al kyl t hat an@y,haveneni: Afydrecerisebsiidupentsd seppdsentadrbyf RhadndeR4 i n
Formula (1) include Cl-6 al kyl _represented b . O _these, Cl1-3 alkyl is
pr ef er abl ePREmy ﬁéﬁ&?‘?pmh%fhyﬁni h?m'?@%ﬁ@?é?ﬁ%‘l e?fa%[agﬁéﬂletemcy Cl%Xy
Exanpl es ofréhie {'subsbhbieat st RftutrBeed Heserdlderh ithgtoumhakang ame @fe nNore
substituents" represented by R2 and_R4 include the above-nenti oned
subst it uenPs. oX¥9arhe 84 tregety A6 SHELBRsH AratBRVABL 8F c¥icI9%c TYPoudRd ar e

preferabl e, ot Rholiae-08 2R @xk bSowpy eRiebepabler1di0Qas]
It is preferred that one of re and R4"is hydrogen and the other is Cl_6
al kyl t hat phHRSE Fhvey lonpiperamie lsubskpmeiditenaiing, gaeEshalii@fry preferred

that one o{h%ﬂ%ﬁﬁnbsog%@?&%ﬁg?g?@p Eé&ﬂ&@%&fh%a@ﬂrrz al kyl that has

nmor phol i no "or pyri [ of the "saturated heterocyclic

gr oup"ld hatemmahiwdoyrassl byeiR2 ;astdcR4as ntFom@npyidaofirarygetvhéndwi t h a

nitrogen af:é){'}éﬁj d/\]@ aﬁglg%g R4 are attached, include pyrrolidinyl, 35
a

pi peridi nyl; pi ﬁéraﬁ ny " mor pholino; and pyrrolidinyl, -20-
[0058] :
“Ci-¢ alkyl” represented by R! in Formula (I) is a
straight or branched Cj¢ alkyl group, and examples thereof

15 include methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl,
tert-butyl, n-pentyl, and n-hexyl. Of these, methyl and ethyl are
preferable, and methyl is more preferable.

[0059]
Examples of the “Ci.g alkyl” of the “Ci¢ alkyl that may

20 have one or more substituents” represented by R? in Formula (I)
include Ci-s alkyl represented by R'. Of these, Cis alkyl is
preferable, and straight C;-3 aikyl such as methyl, ethyl, and n-
propyl are more preferable.

[0060]

25 Examples of the “substituents” of the “C;¢ alkyl that
may have one or more substituents” represented by R* include the
above-mentioned substituents. Carbamoyl or unsaturated
"heterocyclic groups are preferable; morpholinocarbamoyl and
triazolyl are more preferable; and morpholinocarbamoyl, 1,2,3-

30 triazolyl, and 1,2,4-triazolyl are particularly preferablie. The
unsubstituted heterocyclic groups may have substituents. A
preferable substituent is methyl, and the number of substituents
is 1 or 2.

[0061]
35 Particularly preferable examples of “Ci¢ alkyl that may



pi peridinyl, and norpholino are preferable. [0068] Preferable exanples of
the "Cl1_6 al kyl that may have one or nore substituents" represented by RS
in Formula (1) include 5 nmethyl, ethyl, tert-butyl, and benzyl. R5 is
preferably hydrogen. [0069] The pi perazine conpound of the present

i nvention can be produced according to_the foll ow ng Reaction Schenes 1 to
7. [0070] 10 Method for producing the conpound of the present invention

A representatd \WeMBlhgdrd osudiradushng’ thgreeapesddy efr esenidd by Fornul a
(1) is described. [0071] [ Method 1] 15[0072] g0073 I n the_above Reaction
Schene 1, mormcliapgarbagewlwiéyl, 1 Saintrae2ab¥tecthind R ?egfesents a

pr ot ect i Vet G104 AL, 25D glr%ra-%glgﬁomdrp%@m § 00 7filneRingst1 S ep- The

am de conpound shomm I n g can be obt ai ned by condensing the
pi per azi neteigsdwAdeshvhn dnﬁ-ﬁo neiEete)-lo?, 4-2Blaztky k BEPEYE- wi th the

pyrrolﬁparﬁgﬁﬂ |c acid conmpound shown in Forrmula (lIb) or an active species
t hereof by an ordinary nethod. [0075] -21-
Examples of the “Cs.e alkenyl” of the “Cy¢ alkenyl that

may have one or more substituents” represented by R’ include Cj.
alkenyl described above. Of these, vinyl is preferable.
[0063]

10 Examples of the “substituents” of the “Cy-¢ alkenyl that
may have one or more substituents” represented by R? include the
above-mentioned substituents. Carbamoyl that may have one or more
substituents is preferable; and morpholinocarbamoyl is more
preferable.

15 [0064]

Examples of the “Cj4 alkyl” of the “Cis alkyl that may
have one or more substituents” represented by R® and R' in Formula
(I) include Ci-¢ alkyl represented by R'. Of these, C;3 alkyl is
preferable; and methyl or ethyl is more preferable.

20 [0065]

Examples of the “substituents” of the “C;¢ alkyl that
may have one or more substituents” represented by R* and R
include the above-mentioned substituents. Of these, saturated or
unsaturated heterocyclic groups are preferable; morpholino or

25 pyridyl is more preferable.

{00661

It is preferred that one of R’ and R* is hydrogen and
the other is Ci;_s alkyl that may have one or more substituents; it
is particularly preferred that one of R® and R* is hydrogen and

30 the other is Ci;-3 alkyl that has morpholinoc or pyridyl.

[0067]

Examples of the “saturated heterocyclic group” that may
be formed by R® and R* in Formula (I) together with a nitrogen
atom to which R® and R* are attached, include pyrrolidinyl,

35 piperidinyl, piperazinyl, and morpholino; and pyrrolidinyl,



chlorides; active esters with N hydroxybenzotriazole, etc.; symetrical

aci d anhydri des; and m xed acid anhydrides with al kyl carbonic acids, etc.
[ 0076] 5When the compound (I b) is reacted with a free acid, or when an
active ester or acid halide is reacted wi thout being isolated, a
condensation agent such as 1-ethyl-3-(3pdiLnmethyl am no propyl)carbodiim de
hydr ochl ori de and 4- (4, 6-di net hoxy-1, 3, 5-

triazin- 2-yiedyrayy| s plraichon #as citorgrdecksops ef erabl y used. 10[ 0077]
When 0.5 to 10 noles, and preferably 0.8 to 2 noles of the carboxylic acid
compound sHRGRJin FoLnula (1b) or an active species thereof is used

relative to 1 nole gf.dAe.phRetafiN@sCORPAIt ghown ki AiMi-a (had &e a
salt thereof, the anount of 15 the condensatlgn agent is 0.5 to 20 nol es,

and pref erabinpm@ gubstBrymites repaessiad Y Rolid soriHéa pl beridsiligeconpound
shown i:n E a or 5§ her eof 78]z5Al n t he
active 5speng%1{aﬂyldr%gg%bntdé}ri?tuftg%'a%lg(ﬁtbel?[szg%f tRth%ehg%%o%%iqg %ggﬁ% [y
carried ouf0GaPla sol vent which is inactive to the reaction at -20 to 150C,
and preferably at 0.0 10 S i h at ed
hydr ocar bons such asfhc'ﬁ %’ﬁ%{%}%%ﬁ?{?ﬁe%&ﬁ dcﬁfc}}:r%f ﬁqﬁ%ggﬁoﬁéﬁ%?éggg ons
such as topteheedebheosdsurhcash2bitkiaovdmpdRebatam $stegres $uth ‘as et hyl
acet at e; aw[ﬁlﬁl s such as nethanol and ethanol; water; acetonitrile;

N, N-di met h mam de; N, N-di et hyl acet am de; di net hyl sul f oxi de; and

pyri dime. Mdwhdedeti phodudihd $habeditpdudd 24 theupsesdi049ved0Itie reacti on
may proceed smoothly 1T 1t Is carried out Ln the presence of 0.5 to 20

moi es, and pref er abiy TFPEFEE B2 T Ieg°d B%EeD%QTE}?lgg f??e‘f%oélﬁldne,

di i sopr opy}&tindeaniaery Ndtiwlamanphos i digscioddadi met hyl ani | ne,

4- (N, Ndi rretqrcl%l am no) pyridine, and pyridine, relative to 1 nole of the 35

pi per azi nel —Hﬂound shown in Fornula (la) or a salt thereof. -22- [0080]

Second St epyethod 1]
15 [0072]

feaction Jcheme L B
T
D L
woon” N ﬁ
R R R. g™ Nz >,

, . N XNy @

; {1} f SN A A—

L“wNH ?i;*sf éte [\"NR Second Step k/\N'JLN’\"; m
{1a) ® m© & " " kgﬂjfk

[C073]
Tn the above Reaction Scheme 1, X, R! and R? are the
same as above, and R represents a protective group of amino group
20  or hydrogen.
[0074]
First Step
The amide compound shown in Formula (2) can be obtained
by condensing the piperazine compound shown in Formula (la) or a
25 salt thereof with the pyrrolecarboxylic acid compound shown in
Formula (lb) or an active species thereof by an ordinary method.
[0075]
Examples of the active species of compound (lb} include

ordinary esters such as methyl esters; acid halides such as acid



In the second step, the protective group R of amno group in the am de
conpound shown in Fornula (2) is deprotected 5 by an ordinary, known

nmet hod, and the result and the am ne conpound shown in Forrmula (1c) or an
active species thereof are condensed by an ordinary nethod to obtain the
conpound shown in Fornula (1). [0081] 1QDeprotection can be carried out
under acidic conditions when the protective group Ris fornyl,

tert - DUt oXyeannony) a0 d1%ddke: ,a0M HaRiabagbbRibGanRa pestorired by, for

exanpl e, a catalytic reduction nethod when the protective group Ris
benzyl, beswgicoxjcatbanid agrydrideri kand 18[xedgagid anhydrides|ylghalkyl
condensationbgﬂgcigcgggfq&ﬁple to use an active species having a | eaving

group t hat <18 prepared by reacting the am ne conpound shown in Forrmula (lc)

or a salt fd®tedof with triphosgene, 1,1'-carbonyl diimdazole (CDI), phenyl
chl orof ormate, 20 4-nitrophenyl chl or r pat .chl gr .a, t he
: e e A R

li ke, i'n a solvent t o the " reaction,
di chl or onefihanen ehkovefestmr tat nahydnalidearns acetond twidheutebbythg acet at e,

or N, N-di net hyl acetam de, at -50 to 150C, _and prefer - 20 t 0C, in
the present®Gite8hs&ntandFSH 6Py 2APET e &fc ‘%%h%§9¥¥F%%%??gﬁ%%EHQP
pyridi ne. Jhgyi8aekbenitnis isyabetlodid® 24 Rouns6-dB83oxy-1,3,5~  The
active species of Formula (lc). may have, a I?Svin grogp. The ictive speci es
may be useBr¥arinéavt) of Bt resPhebt Bt L FRlor gyl D iEFAPed 1iEk

react i{gn s?§¢ﬁppand used without isolation. Exanples of the |eaving group

include chlorine, imdazolyl, phenoxy, nitrophenoxy, and ethoxy. [0084]
Exanpl es of the sal t#hasi G-Be tanilfeekifpoand BRI AH Y35 - Bokfud UEF Phcl ude

aci d addi tioh Sablose kb LRI GaREnACkHSm 2¥orsieh amhuir aahletie aci d,
hydr obrom ¢ acid, aRd sulfuric acid; or with organic acids, such as
car boni ¢ aspetigsd therhafess| ywnd gedetdve [Dodsmosphed 0% RIPETOZHBE es, and

preferabl y b i@ 2n8BheBn Blrhfie 3TLNCoEUMRAYRTRBPUDE | NHORRULA: (3 o a

salt thereof is used relative to 1 nole of the am ne conpound shown in
Foi muli® (| the aroraenaetive apsdi ds Chéreofi0 mvdeanventd pfeidrebdyndehsat i on

agent is 0551020981 ¢5. A0 RIALELEOLYe §Bdr-3n00LER o] BhbWE £ 1
Formula (la) or a salt thereof.
[0078]
Although dependent on the active species or
20 condensation agent used, the reaction is normally carried out in
a solvent which is inactive to the reaction at -20 to 150°C, and
preferably at 0 to 100°C. Examples of such a solvent include
halogenated hydrocarbons such as dichloromethane and chloroform;
aromatic hydrocarbons such as toluene; ethers such as
25 tetrahydrofuran; esters such as ethyl acetate; alcohols such as
methanol and ethanocl; water; acetonitrile; N,N-dimethylformamide;
N,N-dimethylacetamide; dimethylsulfoxide; and pyridine. The
reaction time is about 1 to 24 hours.
[0079]
30 The reaction may proceed smoothly if it is carried out
in the presence of 0.5 to 20 moles, and preferably 0.8 to 5 moles
of a base such as triethylamine, diisopropylethylamine, N-
methylmorpholine, N,N-dimethylaniline, 4-(N,N-
dimethylamino)pyridine, and pyridine, relative to 1 mole of the

35 piperazine compound shown in Formula (la} or a salt thereof.



10 nol e of the am ne conpound shown in Fornmula (lc) or a salt thereof.

[ 0086] Al though dependent on the active species or condensati on agent used,
the reaction is nornmally carried out in 15 a solvent that is inactive to
the reaction at -50 to 150C, and preferably at -20 to 100C. Exanples of the
sol vent include hal ogenated hydrocarbons,such as dichl oronet hane and
chloroform aromatic hydrocarbons such as tol uene; ethers such as
tetrahydroF@@ggy esters such as ethyl acetate; al cohols such as 20 net hanol
and et hanol; water; acetonitrile; N, N-dinethylforman de;

N, N- di met h§¢e@et &%ele; di met hyl sul f oxi de; and pyri di ne. [0087]

The reaction may progeeshoSaRatbhysido Lrispearidadeoytol kher prgasnce of

about 0.5 to 20 noles, and prefera . 25 noles,” of a base such as
tri et hyl aninesp dini $bpr epidetdopivanndeshouretiny Fepiphd| (hiels deprotected

(7 et hyl sk din Sher spiders ety i deprotected
Lo 1 mote B The BRPRSYLarBeund SHoah Tk FArmiPactl o) or&n BECT v specl o8

t hereof . [6@&8jurB0Nbbent hatFdrtmeleortounek ain théipe eymmtigsnbaréoh aa@n al so
be produced by transposing t.he first, s and _the _seco p .R2 can
be convert & HEEGd ﬁga?dga 5rdi fa ??éﬁﬁ%ﬁﬁgﬁ%PhE§Fi?dﬁé§§hﬁrgﬁgmgﬁgz

pi per azi nerFeempeund)shown in Forrmula (la) or a salt thereof, the
pyrrolecarg&é%¢ic acid conmpound shown in 35 Formula (I b) or an active
species th and the am ne conpound -24- shown in Fornula (Ic) or a

salt tifgereof are reasignstavaibabten ¥ earibe Pivdieced hoiateaid@iceonsth a
known net hod. [Q089] Next, the production nethod of the conEoun (lc) in

the 5 af or $rhtihenEECRREE YD S Re el f ST QBN LRI REACTIBITEORBHESs &~ 3, 4,
and 5. [008Q} 10Q91Ln404&-thehevieckeasd i roehedtny, %@@Qaﬁﬁﬁéﬁéhe same
C

as above, R6 is Lﬁe sane as R5 or a silyl protective group such as
tert - but yl e rBERLCS FEYNCT HoRl MRENGAIWIREN aFhe teteghbvaItH® RsiiBshitavdnt s”

of the 01,5 alkyl,9raHRs1 [ hat iRy 1haye one or nore substituents”
representedO£¥HR2. R7 and R8 particularly represent
15

In the condensation, it is preferable to use an active
species having a leaving group that is prepared by reacting the
amine compound shown in Formula (lc} or a salt thereof with
triphosgene, 1,1'-carbonyldiimidazole (CDI}, phenyl chloroformate,

20 4-nitrophenyl chioroformate, ethyl chloroformate, or the like, in
a solvent that is inactive to the reaction, such as
dichloromethane, chloroform, tetrahydrofuran, acetonitrile, ethyl
acetate, or N,N-dimethylacetamide, at -50 to 150°C, and preferably
-20 to 100°C, in the presence or absence of an organic base such

25 as triethylamine or pyridine. The reaction time is about 1 to 24
hours.

[0083]

The active species of Formula (1c) may have a leaving
group. The active species may be used for reaction after

30 isolation, or may be prepared in a reaction system and used
without isolation. Examples of the leaving group include chlorine,
imidazolyl, phenoxy, nitrophenoxy, and ethoxy.

(00841
Examples of the salts of the amine compound shown in

35 Formula (2) include acid addition salts with inorganic acids,



15 substituted or unsubstituted heterocyclic groups; and Y1, Y2, and Y5
represent | eaving functional groups. [0092] First Step Any | eaving
functional group can be used as Y1 of the 20 conpound (2b) in the first
step. Exanpl es thereof include hal ogen such as fluorine and chlori ne,

met hanesul f onyl oxy, and ptol uenesul fonylexy. [0093] C In a suitable
solvent, using 0.5 to 10 noles, and 25 preferably 0.8 to 2 noles, of the

bi per di nescoIALIYABBONo 1t FRLE! Ay(28)- i cAasal dhersafrurebaling Lo 1

nol e of the conmpound shown 1n Folnula (2b), reaction is conducted in the

presence ofr 0vEh @rgenisl esidandusheperabiypndcgacsd Rnmnedhapesalgde - 25-
relative tg d;mole of the conpound shown in Formula (2b), at -20 to 180C,

and prefera% y at 0 to 150C, for about 1 to 24 hours, thereby obtaining the
est er group@e®mit ai ni ng conpound shown in Fo/mula (2c). 5[0094] Any reaction

sol ventss can be use s lponrg. as 0 fte r.eactgon
Exanpléi t her eof inSW%aecﬁglgge%gpgﬁfﬁyd%géaﬁg%ﬁéégﬁ'h%éé g%é%?@%ﬁ%ét gne
and chl or otles mmiarco ratpouly dstosar honBosucte d€)t okuanss ltetthersofuch wedl0

tetrahydrof uran; esters such et hyl acetate; .algohols ch as t.hanol
and et hanof® %ET@??OaEeT%#?f?fﬁ:F ﬁ%ﬁfﬁi%%%ﬁvpgo? %?d€3%%rmUEa tteyrer
N, N- di met hyth agetian deachesetiudga, r ehe dangintdiofethy| sadendade pnaagent
pyridi ne. The solveggs can be used ?in ly, or in onb'natioq. h009§11
15Exanpl est®f0 us 4l &0b%etss i mith@EeTRbrgRhitk CodSes Lottt ad A PEAYENT

hydr oxjde, medi mdhedeRxhé esoRhass sHehYtt ®orehalacal € we hydaoxi de,
l'ithium carbonate, sodium carbonate, potassium carbonate, sodi um hydri de,
and pot assF¥e8fdri de, and organi c bases such as pyri di ne,

4- (N, N-di megdydam no) pyridine, 20 triethylam ne, diisopropylethylam ne,
1, 5-di azabi cyclo[ 4. 3. 0] non5-ene, 1, 8-di azabi cycl o[ 5. 4. 0] undec-7-en, and
pot assi um t er t but oxi AethfuEdoeEreRdeke WaddewREEE"R SRETFEr 68en, in a

sui tabl e SQ&H&%Hsation agent used, the reaction is normally carried out in

15 a solvent that is inactive to the reaction at -50 to 150°C,'and
preferably at -20 to 100°C. Examplies of the solvent include
halogenated hydrocarbons such as dichloromethane and chloroform;
aromatic hydrocarbons such as toluene; ethers such as
tetrahydrofuran; esters such as ethyl acetate; alcchols such as

20 methanol and ethanol; water; acetonitrile; N,N-dimethylformamide;
N,N-dimethylacetamide; dimethylsulfoxide; and pyridine.

[0087]
The reaction may proceed smoothly 1f it is carried out
in the presence of about 0.5 to 20 moles, and preferably 0.8 to 3

25 moles, of a base such as triethylamine, diisopropylethylamine, N-
methylmorpholine, N,N-dimethylaniline, 4-(N,N-
dimethylamino)pyridine, and pyridine, relative to 1 mole of the
amine compound shown in Formula {lc) or an active species thereof.
[0088]

30 Note that the compound of the present invention can
also be produced by transposing the first step and the second
step, and R? can be converted according to an ordinary, known
method if required. The piperazine compound shown in Formula (la)
or a salt thereof, the pyrrolecarboxylic acid compound shown in

35 Formula {(1b) or an active species therecf, and the amine compound



25 using 0.5 to 10 noles, and preferably 0.8 to 2 noles, of an am no group
protecting reagent relative to 1 nole of the conmpound shown in Formula
(2c), reaction is conducted in the presence of 0.5 to 10 noles, and
preferably 0.8 to 3 noles, of a base relative to 1 nole of the conpound
shown in Formula (2c), at -20 to 180C, _apd 30 preferably at 0 to 150C, for
about 1 to 24 hours, thereby obtaining the conpound shown in Formula (2c),
whi ch has & dPteckeenar noLOr ePa £809Fhereof are readily ARyiTadeli ep

sol vents can be used as |ong as they do 35 not adversely affect the

reacti on. ®3aRs EFOHHEP@OIN [atErEEENCE J6.th A kpeWat®dF1Rrdr ocar bons such as
di chl orone and chl orof orm aromati c hydrocarbons such as tol uene;

et hers such as ‘tetrahydrofuran; esters such as ethyl acetate; al cohols such
as met hanol and et ha¥sit;, Msepro@efémm pethed 9f NG REFRGRIGLHEN de; the

N, N'd'%Pth%% %qhgﬁedhhégﬁﬁx%hpg Q%p%thhnEﬁrﬁgéﬂglo%xbgﬁemégué 3,

pyri di ne ¢ solvents can be use singly in combination. [O

Exanpl es of, usabloe am no group protecting reagents include ethyl
chlorocarbﬁﬂﬁﬁg, 9-fl uorenyl met hyl carbonyl chloride, 10 di-tert-butyl

di car bonat nzyl oxycar bonyl chloride, and benzyl chloride. [0099]
Exanpl es okeatsadl ®rbases i ncl ude i norgani ¢ bases such as |ithium hydroxide,

sodi um hydr oxi de, rpet um hydr oxi de, 15 cal ci um hydroxide, |ithium

car bonat e, sodlun1car SSi um car bonage, i um hygtsede, and

pot assi um hysr’ éﬁdxorﬂanléﬁgﬁs s~ such _as p?f?gfﬁgu {2

4- (N, N- di met Rn@)ﬁyrgtgg ne, tri RAEedege did sopr b@i &héﬂ_%&

1, 5-di azabi cy=} o[ 4. 3. 0] non- 5- €ffe, -di azabi cycl &5. 4 dfundec 7-en, and
potassiumtert- 20 butoxide. [0100] Second Step In this step,
in a suitabk ent, theHG§$eW*g’bEE%;ontalnlng hﬁwﬁb§z§$shomn in Fornul a
(2c) is reacted% nce 0 G-l Qples ferably 0.5
to 5 noles, of a r lpofegenteerel ati v ok B0iez@hk t he qund shown in

Formul a (2c), at e 80 to 100C, and preferably at -50 to 3@C, for about 1 to
24 hours, thereby obtaining the hydroxyl group-containing conpound shown in

For mul a (Zgj %0[0101] Any reaction solvents can be used as
| ong as they d% not adversely affect the reaction. Exanples thereof include
10 In the above Reaction Scheme 2, ¥ and R are the same as

above, R® is the same as R® or a silyl protective group such as
tert-butyldimethylsilyl, and R’ and R® are the same as the
“substituents” of the “Ci-¢ alkyl groups that may have one or more
substituents” represented by R?’. R’ and R® particularly represent
15 substituted or unsubstituted heterocyclic groups; and Y', ¥?, and
Y® represent leaving functional groups.
[0092]
First Step
Any leaving functional group can be used as Y!' of the
20 compound {(2b) in the first step. Examples thereof include halogen
such as fiuorine and chlorine, methanesulfonyloxy, and p-
toluenesulfonyloxy.
[0093]
In a suitable solvent, using 0.5 to 10 moles, and
25 preferably 0.8 to 2 moles, of the piperidine compound shown in
Formula (2a) or a salt thereof relative to 1 mole of the compound
shown in Formula (2b), reaction is conducted in the presence of

0.5 to 10 moles, and preferably 0.8 to 3 moles, of a base



al i phati c hydrocarbons such as n-hexane, aromatic hydrocarbons such as
tol uene, ethers such as tetrahydrofuran, alcohols such as 35 nethanol and
et hanol, and water. The solvents can be used singly, -27- or in

conbi nati on. [0102] Exanpl es of the reduci ng agent include
l'i t hi um al um ni um hydride, sodium borohydcri de, borane reagents (for 5
exanpl e, di borane), and diisobutylal um num hydride. [0103] Third Step

In a suitablggokvests MG O0+het Sofbuil 8towanth pHatenabkynp, &t 028
nol es, of the leaving functional group- 10 contai ni ng conmpound shown in

Fornul a (22 186PGt iarsl poefensbiy ait heohybleExyfoyr depite dnttai A ngewpound
shown in F : 001 S,C L e ence of
0.5 1o 10 ey S I yoboE Th s el se b S T o 1
nol e of t h&xoripoddd) shown in Fornmula (2d), at -20 to 180C, and 15
preferably 5594% to 150C, for about 1 to 24 hours, thereby obtaining the
conpound shomn in Formula (2f). [0104] Any solvents can be used as |ong as
t hey do not adver seldnvafrkect ivhesalemritisonan Bbeamsiess asf lewy tabltdeyotlvent s 20

i ncl ude hal ogenat ed drocarbons such as digchl or.one | .ar of or m
aromati c H§3955§F58ﬁ2¥s :%xﬁé%ESIﬁ%%EEl%ﬂTme%?Qﬁﬁﬁ? égg?g?fgﬁvggg ur an;
esters sucinlasegbhyll Begt@iaboakcohoh sassutilkhasromtttane aandcelderiirm; wat er ;
acetonitrile, NhN-digeth | f or mam de; Ni di met h Iacetan%de;

N- met hyl pyd i RdenBY 8P rAtIRNSs GPFBx 7 e;° ”&ndeﬁ§$¥%h%ﬁ£ The sol vents can

be usa@ sifgldbhyekoblr&QMHAalisoBuch HOMHthyl acetate; ASdohelkeavdngs
functional group-containing conpound shown in Formula (2e) t hanesul f onyl
chl ori de, ®gGHENGSr BREt BERREEN Hﬁi}?r'ch%ﬁ'ﬁod’é,trb-l?olI‘ﬂv&"é"g'ﬂ‘ieﬁ%ﬁggmﬁﬁ“ﬂfjﬁde, 30

benzenesuljf Qi neRhQL L8 arilfdd;hR-hbKiey1 f@iro2%anhé £, d Gt e sus eekid<(106]
and pyridine. The solvents can be used singly, or in combination.
[0095]

15 Examples of usable bases include inorganic bases such
as lithium hydroxide, sodium hydroxide, potassium hydroxide,
calcium hydroxide, lithium carbonate, sodium carbonate, potassium
carbonate, sodium hydride, and potassium hydride, and organic
bases such as pyridine, 4-(N,N-dimethylaminoc)pyridine,

20 triethylamine, diisopropylethylamine, 1,5-diazabicyclo[4.3.0]non-
5-ene, 1,8-diazabicyclo[5.4.0jundec~7-en, and potassium tert-
butoxide.

[0096]
In the case where R is hydrogen, in a suitable solvent,

25 using 0.5 to 10 moles, and preferably 0.8 to 2 moles, of an amino
group protecting reagent relative to 1 mole of the compound shown
in Formula (2c), reaction is conducted in the presence of 0.5 to
10 moles, and preferably 0.8 to 3 moles, of a base relative to 1
mole of the compound shown in Formula (2c), at -20 to 180°C, and

30 preferably at 0 to 150°C, for about 1 to 24 hours, thereby
obtaining the compound shown in Formula (2c), which has a
protected amino group.

[0097]
Any reaction solvents can be used as long as they do

35 not adversely affect the reaction. Examples thereof include



Exanpl es of usabl e bases include inorganic bases such as sodi um hydr oxi de,
cal ci um hydr oxi de, sodi um car bonat e, pot assi um car bonate, sodi um
hydri de, and potassi um hydride; and 35 organi c bases such as pyri dine,
4- (N, N- di et hyl am no) pyri di ne, -28 triethylanine di i sopropyl et hyl am ne,
1, 5-di azabi cycl o[ 4. 3. 0] non- 5-ene, dizazabi cycl o[ 5. 4. O] undec- 7-en, and
pot assi um tertbutoxide. [0107] 5 Fourth gtep In a SU|tabIe

sol vent, O{%e@laﬁeaoh}&éﬂ%{r%nsaggcﬁ”ﬁ Qﬁ%ﬁh%r@m@tﬁé?leg 2Bl 8810 frdrkg am ne

conpound sh in Formula (2g) or a salt thereof relative to 1 nole of the
conpound s#owratie Fgﬁng¢%KQQH% suchaes i ol usge¢ onlR e FUH 8Re presence or

absence 10, ra%ﬁr%?yﬂ'%%méset%rsag cﬂr§§eer lya9e§ Lo %1)@5&'18?5 Qfcra Rase

relative to e conpound shown For mu a 2f -20 to 180C,
and preferm&ﬂhanﬂl Gndoeﬂﬁﬁh@l,f@ﬁtertcacetdmdmréletrNMNﬁﬁ@m@bhHlﬁ¢¥mﬁmﬂ®§

compou mul.a (.2 [ ent s, .as |long
as the& §§Vig?§ta§¥%%tN % %%@gé%%la & # lgﬁ%?a%q% ‘sol vent s
i ncl ude haém@qnat@dnhydmmmasbmmSanchuabedushdaﬁonﬂnhape anccaiiopbion m
aromatic hﬁﬂggﬁarbons such as toluene; ethers such as tetrahydrofuran;
esters suc ethyl acetate; acetonitrile; N N 20 di methylformam de;

N, N- di met hyl acet am de:anldie®t by | pyasled idane; gebuetgrdteut fnyi desgeand

pyri di ne. The solvents can be used singly in_co ati.on. .
Exanpl es o%nQ%%ﬂﬂ(?tQ§%e§hﬂﬁE?%&ﬁPQQ%5Fgaﬁlngﬁﬁﬁﬂ¥%9?gEY2% azRo &dC%ﬁPlee'

hydr oxigde, g £al GitumyRydr 9xifeorsedi, Upegay RoRakLeLoRYL agsidindeqr bedatenzyand
sodi um hydri de; and organi c bases such as pyridine,

4 (N N—dln@@}ﬁﬂ%ﬂﬁ no) pyridine, triethylam ne, diisopropylethylanine,
dlazabtg 0[5 4. 0] undec-7-en, and potassiumtert-butoxide. As a base,
th

an excess 0 e am ne 30 conpound shown in Fornmula (29) may be used.
[ 0110] Examples of usable bases inciude inorganic bases such

as lithium hydroxide, sodium hydroxide, potassium hydroxide,

15 calcium hydroxide, lithium carbonate, sodium carbonate, potassium
carbonate, sodium hydride, and potassium hydride; and organic
bases such as pyridine, 4-(N,N-dimethylamino)pyridine,
triethylamine, diisopropylethylamine, 1,5-diazabicyclol4.3.0]non-
S5-ene, 1,8-diazabicyclo[5.4.0]Jundec-7-en, and potassium tert-

20 Dbutoxide.

[0100]
Second Step

In this step, in a suitable solvent, the ester group-
containing compound shown in Formula (2c) is reacted in the

25 presence of 0.2 to 10 moles, and preferably 0.5 to 5 moles, of a
reducing agent relative to 1 mole of the compound shown in
Formula (2c), at -80 to 100°C, and preferably at -50 to 30°C, for
about 1 to 24 hours, thereby obtaining the hydroxyl group-
containing compound shown in Formula (2d).

30 [0101%]

Any reaction solvents can be used as long as they do
not adversely affect the reaction. Examples thereof include
aliphatic hydrocarbons such as n-hexane, aromatic hydrocarbons
such as toluene, ethers such as tetrahydrofuran, alcohols such as

35 methanol and ethanol, and water. The solvents can be used singly,



Fifth Step In the fifth step, the protective group R of am no
group in the conmpound shown in FoLnmula (2h) is deprotected by an 35

ordi nary, known nethod to obtain the conpound shown in Fornmula -29- (2i).
[0111] Deprotection can be carried out under acidic conditions
when the protective group Ris foinyl anqtert-butoxycarbonyl; and 5
deprotection can be perforned by, for exanple, a catalytic reduction nethod

when the psotectdwe:gaeup R is benzyl, benzyl oxycarbonyl, or the I|ike.
[0112] The conpounds (2a), (2b), (2e), and (2g) used in 10 Reaction Schene
2 are readl®30Zvail abl e, or can be produced in accordance with a known

method. [0113] Reactjop. Scheme S ReRQfucing 438t H¥®ude lithium

aluminium hydride, sodium borohydride, borane reagents (for
5 example, diborane), and diiscobutylaluminum hydride.
[0103]
Third Step
In a suitable solvent, using 0.5 to 10 moles, and
preferably 0.8 to 2 moles, of the leaving functional group-

10 containing compound shown in Formula (2e) relative to 1 mole of
the hydroxyl group-containing compound shown in Formula (2d},
reaction is conducted in the presence or absence of 0.5 to 10
moles, and preferably 0.8 to 3 moles, of a base relative to 1
mole of the compound shown in Formula (2d), at -20 to 180°C, and

15 preferably at 0 to 150°C, for about 1 to 24 hours, thereby
obtaining the compound shown in Formula (2f).
[0104]

Any solvents can be used as long as they do not

adversely affect the reaction. Examples of suitable sclvents

20 include halogenated hydrocarbons such as dichloromethane and
chloroform; aromatic hydrocarbons such as toluene; ethers such as
tetrahydrofuran; esters such as ethyl acetate; alcohols such as
methanol and ethanol; water; acetonitrile; N,N-dimethylformamide;
N,N-dimethylacetamide; N-methylpyrrolidone; dimethylisulfoxide;

25 and pyridine. The solvents can be used singly, or in combination.
[0105]

As the leaving functional group-containing compound
shown in Formula (2e), methanesulfonyl chloride,
trifluoromethanesulfonyl chloride, p-toluenesulfonyl chloride,

30 Dbenzenesulfonyl chlcoride, or the like, for example, can be used.
[0106]

Examples of usable bases include inorganic bases such
as sodium hydroxide, calcium hydroxide, sodium carbonate,
potassium carbonate, sodium hydride, and potassium hydride; and

35 organic bases such as pyridine, 4- (N, N-dimethylamino)pyridine,



00 NHR Fourth Step [0114] 15In the above Reaction Schene 3, Wis a
protective group Y, -2, of hydroxyl group, and R, R6, R7, R6, X, y / and
Y3 are the sanme as above. [0115] First Step 20ln this step, the ester

gr oup-cont ai ni ng conpound represented by Formula (3c) can be obtained in
the same manner as in the first step of j;Beaction Schenme 2. [0116] -30-
Second Step In this step, the hydroxyl group-containing conpound

represent e@'rfétﬂgq%ﬂiﬁ!h@, (Ms@ﬁ@g?@eﬂb}ﬁnﬁe@,! 0, bhei S RBNBel . 3 Jnbnthe
second step of Reaction Scheme 2. 5[0117] Third Step In this step, the
hydr oxyl g? otipconfafbp P rdiidolnd? r &bt "ﬂéﬂnbya@gﬂﬁﬁﬁés6éﬂ)t?@?bxidized
by an ordiparduidnown nethod to obtain the al dehyde group-containing
conmpound (3e). 10[0118]

[0107]

5 Fourth Step
In a suitable solvent, using 0.5 to 10 moles, and

preferably 0.8 to 3 moles, of the amine compound shown in Formula

{(2g) or a salt thereof relative to 1 mole of the compound shown

in Formula (2f), reaction is conducted in the presence or absence

10 of 0.5 to 10 moles, and preferably 0.8 to 3 moles, of a base
relative to 1 mole of the compound shown in Formula (2f), at -20
to 180°C, and preferably at 0 to 150°C, for 1 to 24 hours, thereby
cbtaining the compound shown in Formula (2h).

[0108]

15 Any solvents can be used, as long as they do not
adversely affect the reaction. Examples of suitable solvents
include halogenated hydrocarbons such as dichloromethane and
chloroform; aromatic hydrocarbons such as toluene; ethers such as
tetrahydrofuran; esters such as ethyl acetate; acetonitrile; N,N-

20 dimethylformamide; N,N-dimethylacetamide; N-methylpyrrolidone;
dimethylsulfoxide; and pyridine. The solvents can be used singly,
or in combination.

[0109]
Examples of usable bases include incrganic bases such

25 as sodium hydroxide, calcium hydroxide, sodium carbonate,
potassium carbonate, and sodium hydride; and organic bases such
as pyridine, 4-(N,N-dimethylamino)pyridine, triethylamine,
diisopropylethylamine, 1,8-diazabicyclo[5.4.0]Jundec-7-en, and
potassium tert-butoxide. As a base, an excess of the amine

30 compound shown in Formula (2g) may be used.

(01107}
Fifth Step
In the fifth step, the protective group R of amino

group in the compound shown in Formula (2Zh) is deprotected by an

35 ordinary, known method to cobtain the compound shown in Formula



In a suitable solvent, reaction is conducted in the presence of 0.8 to 100
nol es, and preferably 1 to 30 noles, of an oxidizing agent relative to 1
nol e of the conmpound shown in Fornula (3d), at -80 to 180C, and preferably
at -50 to 150C, for 15 about 1 to 3 days, thereby obtaining the al dehyde
group-contai ni ng conpound shown in Formylsa (3e). [0119] Any solvents can be
used, as long as they do not adversely affect the reaction. Exanpl es of
suitable sppyents 20 include hal ogenated hydrocarbons such as
dichloronethane, chl orof orm and di chl oroet hane; aromati c hydrocarbons such
as tol uene[O¥tHers such as tetrahydrofuran; and di nethyl sulfoxide. The

sol vents can be useqaegafzﬁ;@éuea i CLpaLL by Ghel 25RXARIARIelokde
oxi di zi ng agent i ncl ridinium chlorochromate (PCC), pyridinium

di chr omat ewli€?DChe maga@é@ee direxipdB, 18 Uy lt PFOW@@‘Wﬂxd’pﬁéb@%Yﬂpl éxd
Swern oxid n r£ag 121] th Step

In a sgita§+%8§bcgg%§ E%%ﬁ%gggﬁgﬁrM@% f%% gggﬁp%ge%éf %%§§€H%o 8 nol es,
of the Wtrecg)q’ta@glemeichhabvwham tRer m’ld)’aeC(@TV)e gebapi Rels debzydl e of the

al dehyde c qg%é_% sho%n |£ Forg% gge) reaction is conducted in the
presence of FI10° Y s gné preferably 0.8 to 5 noles, of a base
relative tpol1ail e of -31- the conmpound shown in Fornul a (3e) at -20 to

150C, and preferably_at 0 to 8QC, to 24 haurs, th reby
obt ai ni ng the conpoutif ﬁ?BWﬁuPa F&éeﬁul a(B?’E‘gg) %ZT o125¢ 82%?/ g%ef ents can be
used, 1as | pag-taort beyedle Nairadeansel yawiifleell et herreacticoproixasplies of
SU|tabIe sol vents include aliphatic hydrocarbons such as n-hexane, aronmatic
hydrocarbo%%??ﬁﬂﬂ¥c§sw%5hU%HEMW%hHEEFﬂérs such as tetrahydrofuran. The
sol vents c?@l g used singly, or in conbination. 10[0123]
Exanpl es of the protective group Wof hydroxyl group in the Wttig reagent
shown in Féf%ﬁF%:T%Wj i ncl ude et hyl
| ] Reeoc | -
HO f:amr;j\"’ QN Hm_
NHR  First Step

m— X W
NHR Second Step L::]‘NHR Third Step

{3a) {3} (3

. i D\ P L} I ¥ D - - %% O O .
NMRp Fomrtn Step NHélfth Step NHg Si¥th Step

(3¢} {3g} £3m

_ TRORN
3K
{‘T::L e E:jL (:l
NHR Seventh Step NHR Eighti Step i NH;

{31 {3mj

[0114]

15 In the above Reaction Scheme 3, W is a protective group
of hydroxyl group, and R, R®, R’, R%, X, ¥, ¥?, and Y® are the
same as above,

[0115]
First Step

20 In this step, the ester group-containing compound
represented by Formula (3c) can be obtained in the same manner as
in the first step of Reaction Scheme 2.

{0lle]



met hoxynet hyl , tetrahydropyranyl, and tert-butyldimethylsilyl. [0124]
15Exanpl es of usable bases include n-butyllithium [ithium

di i sopropyl am de, |ithium hexanethyl disilazide, sodium nmethoxi de, sodium

et hoxi de, potassiumtert-butoxide, and sodi um hydride. [0125] 20 Fifth Step
After the protective group of hydroxyl_%bgup in the conpound shown in
Formula (3g) is deprotected in a suitabl'e solvent under acidic conditions,

t he aldehyggxg?pgﬁ-ﬁontaining conmpound is reacted in a suitable solvent in
the presence o 3 25 to 10 noles, and preferably 0.5 to 5 noles, of a
reduci ng agent rel athvéhtis steapl ethsf hylgosphpoimb-skhokalninFaomerangd3g), at

~80 to 100]?%%%% REET B1 3l Al Hgggtgaf?’%goﬁ%%i ULy 10 emﬁr@(rshgéreby

obt ai ni ng roxyl- group-co ni ng ound shown 1 n Fornu

30[ 0126] Ahy tleackicondssteenifs Reantben Be@mea8.| ong as they do not
adversely ﬂ@feﬁt the reaction. Exanples thereof include aliphatic

hydr ocar bo % ch as n-hexane, aromatic hydrocarbons such as tol uene,

et hers sucthiasi tsekpahydr of uran, al cohols such as 35 net hanol and et hanol,
and water. The solvents can be used singly,. -32- or_in,conbination. [0127]
Exanpl s of the redudt ngiagShERt ral AW FPEKT TR CHRTRCRT At Y81 aBo B di urm
bor ohydri despran@dnsedi B LowyARONGHPNYErdsgeli zeH0B283n I etilha®l/epknown

In this step, the |eaving group-containing conmpound represented_ by Foinul a
(3j) can beEEGRhitReaPEALR %éﬂ@eﬁﬁﬁ%e‘ir%‘f@g?ﬂl‘f‘w t4PEUEH e p39F- React i on
Schemg 2. [d0%49] Seventh Step’ In this step, the am no
group-cont ai ni ng conpound represented by FoLmula (31) can be obtained in
the sane manner as 18 i sthEabsarshlsiép sPaRek@t iloh cCSpAERRSD . in the

presence of 0.8 to 100 moles, and preferably 1 to 30 moles, of an
oxidizing agent relative to 1 mole of the compound shown in
Formula (3d), at -80 to 180°C, and preferably at -50 to 150°C, for

15 about 1 to 3 days, thereby obtaining the aldehyde group-

containing compound shown in Formula (3e).
[0119]

Any solvents can be used, as long as they do not
adversely affect the reaction. Examples of suitable solvents

20 include halogenated hydrocarbons such as dichloromethane,
chloroform, and dichloroethane; aromatic hydrocarbons such as
toluene; ethers such as tetrahydrofuran; and dimethyl sulfoxide.
The solvents can be used singly, or in combination.

{0120]

25 Examples of the oxidizing agent include pyridinium
chlorochromate (PCC), pyridinium dichromate (PDC), manganese
dioxide, sulfur trioxide pyridine complex, Swern oxidation
reagent, and Dess-Martin reagent.

(0121}
30 Fourth Step
| In a suitable solvent, using 0.8 to 10 moles, and
preferably 1 to 8 moles, of the Wittig reagent shown in Formuia
(3f}) relative to 1 mole of the aldehyde compound shown in Formula
(3e), reaction is conducted in the presence of 0.5 to 10 moles,

35 and preferably 0.8 to 5 moles, of a base relative to 1 mole of



[0130] Eighth Step In this step, the am no group-containing
conpound represented by FoLnula (3n) can be obtained in the sane manner as
20 in the fifth step of Reaction Schenme 2. [0131] The conpounds
(3a), (3b), (3f), (3i), and (3k) used in Reaction Schene 3 are readily
avai | abl e, or can be produced in accordance with a known nethod. 25[0132]
[0133] In the above Reaction Schene 4, is a protective 2 Y, 67, R X

ilé &zgﬁgﬁgﬁf@‘?ﬂ%@lﬁd%wﬂ AR R (Rand axs‘%et‘%ﬂif?&;ﬁﬁ?ﬁ as above. Z

CH2P( 0) (ORiZgxraRly KRE10 B, afer lapmet Al kyl2sboluiras teersdy, ~ethyl, or
Such as chT B RE By Thr onr MO O SaAT 16T Apat g (BIF A Y S R e,
the ester ¢PLAKI-containing conpound represented by Fornula (4c) can be
oplaLned 1 Lhe SaTe IS fes! duf 8, (LAY SLoRuil Bk o S 2
gr oup- cont adlverigigoapoust treprresent ed. bExEophed sof )i tebhe bsolbdraisned i n
the same rr%?c eurdeasaliighgpfc Shefd?:r(])%a% ggs Oéuc%e%%t in(—)lrl'exsa%?ee,rrear%mauzg_)g:‘ 36]
hydrocarbons such as toluene, and ethers such as tetrahydrofuran.
The solvents can be used singly, or in combination.

10 [0123]

Examples of the protective group W of hydroxyl group in
the Wittig reagent shown in Formula (3f) include methyl,
methoxymethyl, tetrahydropyranyl, and tert-butyldimethylsilyl.
[0124] '

15 Examples of usable bases include n-butyllithium,
lithium diisopropylamide, lithium hexamethylidisilazide, sodium
methoxide, sodium ethoxide, potassium tert-butoxide, and sodium
hydride.

[0125]

20 Fifth Step

After the protective group of hydroxyl group in the
compound shown in Formula (3g) 1is deprotected in a suitable
solvent under acidic conditions, the aldehyde group-containing
compound is reacted in a suitable solvent in the presence of 0.2

25 to 10 moles, and preferably 0.5 tco 5 moles, of a reducing agent
relative to 1 mole of the compound shown in Formula (3g), at -80
to 100°C, and preferably at -50 to 30°C, for about 1 to 24 hours,
thereby obtaining the hydroxyl group-containing compound shown in
Formula (3h).

30 [0126]

Any reaction solvents can be used, as long as they do
not adversely affect the reaction. Examples thereof include
aliphatic hydrocarbons such as n-hexane, aromatic hydrocarbons

such as toluene, ethers such as tetrahydrofuran, alcohols such as

35 methanol and ethanol, and water. The solvents can be used singly,



20 Third Step In this step, the al dehyde group-contai ni ng
conpound represented by Fornula (4e) can be obtained in the sanme manner as
in the third step of Reaction Scheme 3. -34- [0137] Fourth Step

In a suitable solvent, using 0.8 to 10 noles, and preferably 1 to 8 nvol es,
of the Wttig reagent or Horner-Emons _j,reagent shown in Formula (4f)
relative to 1 nole of the al dehyde conpound shown in Forrmula (4e), reaction
i s conductgd i dheipLessnce or absence of 0.5 to 10 noles, and preferably
0.8 to 5 noles, of a base relative to 1 nole of the conmpound shown in
Formul a (489124t -20 to 150C, and preferably at 0 to 120C, for 10 about 1
to 24 hours, thereb zgﬁﬁﬁ i S t; e cont ai ni ng
conpound. [0138] An?gso ve%tggdgﬁaggﬁﬁgéﬂa éﬁéﬁgﬁfﬁ%%ga%h£§gggﬁﬁot adversely
af f ect thealwmmnuumnhyEXEmﬁﬂeﬁpdgmmsbprqﬁﬂdihﬂghvéﬁdsSQQiQthlude al i phatic
hydrocngonsaﬁachc%g * gxane aromati c' hydrocarbons such as tol uene, and
et hers “such as tetr Hy rofuran. The solvents can be used singly, or in
conbi nat i op013493139] Exanpl es of the pr.otective group (R9)
of ester géﬁgﬁ%€%§20 the Wttig reagent or Horner-Emmons reagent shown in

(4f) incl ethyl, tert-butyl, tert-butyldinmethylsilyl, and

benzyl . [0140] In this Exapplﬁﬁé(ﬂéausablgr&upﬁﬁmnta¢hmd@ ddmpqmadic bases
such as sodlun1hydrox cal ci ydr oxi sodi r.bonat e, ot assi um
car bonat e, FEIH IR Yd%pngﬂélgg% %?%ﬁ¥%§%%ﬁaee éHH g&ATE %ﬁ?& §dch as

n- but ylg i t {1 ume EhhgaugtébIéﬁﬂﬂé@@yhaﬂ1sﬁheﬂg thi um hexanet hyl di si | azi de,
sodi um net hoxi de, sodi um et hoxi de, potassiumtert-butoxide,

di i sopropyl@t#%il ami ne, and 1, 8- di azabi cycl o[ 5. 4. 0] undec- 7-en. 30[0141] In
ethers such-@shiretstapydrofuran, esters such as ethyl

In this step, the amino group-containing compound
represented by Formula (31l) can be obtained in the same manner as
15 in the fourth step of Reaction Scheme 2.
[0130]
Eighth Step
Tn this step, the amino group-containing compound
represented by Formula (3m) can be obtained in the same manner as
20 in the fifth step of Reaction Scheme 2.
[0131]
The compounds {(3a), (3b), (3f), (3i), and (3k) used in
Reaction Scheme 3 are readily available, or can be produced in
accordance with a known method.

25 [01323



acetate, alcohols such as nethanol and ethanol, organic acids such as
formc acid and acetic acid, or a mxture of solvents thereof, hydrogen gas
is reacted under ordinary pressure or high 35 pressure in the presence of
0.001 to 1 nole, and preferably 0.01 -35- to 0.3 noles, of a reduction
catal yst such as carbon-supported pall adisum platinum oxide, and Raney
nickel, relative to 1 nole of the conmpound shown in Fornula (4e), at O to
120C, and preteralhly.2Q to 100C, or using 0.5 to 20 noles, and preferably 1
5 to 10 noles, of f@mc acrd ammoni um f or mat e, cyclohexene etc.

relative to 1 nole of t shomn in For (4e) as a hydrogen
source in plgge-of hy@wosem’gas on is &nduc ed for about 1 to 3
days, therebyioh arnrng—rhg*ester Lgip contarntn ourd—strown in

FoLmul a (4g). JO[YR42I"F ftH ste NHR SECoidPE l?’yds r FHé [ oxyl

gr oup- cont ai ni ng conpound represented by Formul a éih) can be obtained in
the same manner as in the second step of Reaction Schenme 1. 15[0143] Sixth

Step In this step, Lhe | eaving group- contarnrng conmpound

represented BY© nula ®eioy“cBR i ned iwo nanne&was in the
third step of R Sciene 2. 20[ Seventh 4 __Inthis
step, the am no gro PteaiRk rggapcorrpou@t F@ge“-‘ﬁtped rmlmas {44) can
be obtained in tH& same nmanner as in“®he fourth steﬁmof Reactron Schene 2.
25[ 0145] Eighth Step In this step, the am no group-containing

conmpound represented by Fornula (4m can be obtained in the sane manner as

inthe fift React i [0146] s The conpounds
(4a). (4b), Q"4f) and ?'ET@E usm i on %ﬁ%mﬁeadiry
o]

avai | abl e, or can Qi§gg;egﬁﬂmh%g%prdance NH;““EQppgﬁ [0147]

) NH;

[0133]
In the above Reaction Scheme 4, R’ is a protective
group of ester group, and R, R®, R, R®, X, Y', Y?, and Y’ are the
5 same as above. 2 is CH.P'R'Y,¥*, CE=PRY;, or CH,P(0) (OR™),. RY,
R, and R'Y are lower alkyl such as methyl, ethyl, or butyl, or an
aromatic hydrocarbon group such as phenyl; and v* is halogen such
as chlorine or bromine.
01343
16 First Step
In this step, the ester group—containing compound
represented by Formula (4c) can be obtained in the same manner as
in the first step of Reaction Scheme 2.
[0135]
15 Second Step
In this step, the hydroxyl group-containing compound
represented by Formula (4d) can be obtained in the same manner as
in the second step of Reaction Scheme 2.
[0136]
20 Third Step
' In this step, the aldehyde group-containing compound
represented by Formula (4e) can be obtained in the same manner as

in the third step of Reaction Scheme 3.



0 7TRBRWM X N (5DNHR [0148] In the above Reaction Schene 5,
Vliis -CHCH or - CH2CH2-, and R R6, R7, R8, RO, X, Y1 and Z are the sane
as above. 5[0149] First Step In this step, the ester

gr oup-cont ai ni ng conpound represented by Formula (5c) can be obtained in
the sane manner as in the first step of ;Reaction Schene 2. 10[ 0150] Second

Step In this step, the hydroxyl group-containing conpound
repr esent egb Forrml a (5d) can be obtained in the sane manner as in the
second step of Reactlon Schenme 2. 15[ 0151] Third Step In this

step, the lécbtdé:hyéféegroup cont ai ni ng conpound represented by Fo'Lula (5e)
can be obtained in the S%ﬁ?tgﬁfé’eéol%n'tn Egﬁlikq r8dt§)t €B Hélé?a%hhon Schene
ep b

3. 20[0152] Fourth e solvent, usi 0.8 to 10
nol es, andoyrfeball ¥ ﬂota) n®lmsl, esf bh‘ie tW}&t\i\gt reggee@agne:nﬁomer—ﬁmemEmmns
5 reagent shown in Formula (4f) relative to 1 mole of the aldehyde
compound shown in Formula {4e), reaction is conducted in the
presence or absence of 0.5 to 10 moles, and preferably 0.8 to 5
moles, of a base relative to 1 mole of the compound shown in
Formula (4e), at -20 to 150°C, and preferably at 0 to 120°C, for

10 about 1 to 24 hours, thereby obtaining an o, p-unsaturated ester
group-centaining compound.
[0138]

Any solvents can be used, as long as they do not
adversely affect the reaction. Examples of suitable solvents

15 include aliphatic hydrocarbons such as n-hexane, aromatic
hydrocarbons such as toluene, and ethers such as tetrahydrofuran.
The solvents can be used singly, or in combination.

[0139]

Examples of the protective group (R%) of ester group in

20 the Wittig reagent or Horner-Emmons reagent shown in (4f) include
methyl, ethyl, tert-butyl, tert-butyldimethylsilyl, and benzyl.
[0140]

Examples of usable bases include incorganic bases such
as sodium hydroxide, calcium hydroxide, sodium carbonate,

25 potassium carbonate, sodium hydride, and potassium hydride; and
organic bases such as n-putyllithium, lithium diisopropylamide,
ilithium hexamethyldisilazide, sodium methoxide, sodium ethoxide,
potassium tert-butoxide, diisopropylethylamine, and 1,8-
diazabicyclo[5.4.0]Jundec-7-en.

30 [0141]

In ethers such as tetrahydrofuran, esters such as ethyl
acetate, alcohols such as methanol and ethanol, organic acids
such as formic acid and acetic acid, or a mixture of solvents
thereof, hydrogen gas is reacted under ordinary pressure or high

35 pressure in the presence of 0.001 to 1 mole, and preferably 0.01



-37- reagent shown in Fornula (5f) relative to 1 nole of the al dehyde
conpound shown in Fornmula (5e), reaction is conducted in the presence or
absence of 0.5 to 10 noles, and preferably 0.8 to 5 noles, of a base
relative to 1 nole of the conpound shown in 5 Fornula (5e), at -20 to 150C,
and preferably at 0 to 120C, for about 1.to 24 hours, thereby obtaining the
a, 13-unsaturated ester group-containing conpound shown in Fornula (5g).

[0153] Anye 50 veabsoCamn e, ustller sy | oG8t Bevn das Rolpll-adyensely aff ect
the reaction. arrpFes of suitable solvents include aliphatic hydrocarbons
such as n-peiavd umar phat irnrhydidear bohRapgyhnaske bl uwlaetigadtethd&cdesuch as

tetrahydrof uran. The solvents can_.be ed ,singly,,ar. i.n eonmhjpation. [0154]
1SExaml oo bl ehE BPaR T TR B TRES o Zheral Qs 2o Mty ¢ o1y
reagent orpiefgieblEnponso rigagentoshesimg 0.%5(9 dnhalcdds, neddydrefetrhyly 1
tert-butyl, tert-butyldinethylsilyl, and henzyl. 155 f__usabl e
bases i%nclia%el%l’ r%’?aﬁhi %1% bEQ csﬁ‘g%dZ TS s 64 %%nﬁ%/tger’oxély ?‘Sﬁ%ﬂg‘%rg%’umtc' ‘

hydr oxi de, rslodiiv® ear bansltee ,oPahassomppurar bhnahein stimhahy de) des sand

pot assi um hydri de; and organi.c bases such as n-butyllithium Iithium

di i sopr opyFEHWE" FPERFEINTh&amst Ry L9982 485 sbdh U Fet- Aok ¢ tE6di um

et hoxi de, pot agsiumit €6tz udyexi daerdby sp=0pyhet tiyd asd e, gaddpd, 8- 25

di azabi cycl o[ 5. 4. 0Jundec-7-en. [0156] Fifth Step In this step,
the ester §MEFITGNIt FETRIE Po¥Hpie i@ Hend8bnmpound shown in Foul a (59)

i s deprpot egiegbiby an 30 ordinary, known nethod to obtain the carboxylic
aci d conpound shown in Fornmula (5h). [0157] Sixth Step In this step,
condensat i BHf¥he&G€Pon with the amine 35 conpound shown in Fornula (Si) or a

salt thereof is CO”dH?HﬁHsiQtepggEhe hydroxyl group-containing compound
represented by Formula (4h) can be cobtained in the same manner as
in the second step of Reaction Scheme 1.
15 [0143]
Sixth Step
In this step, the leaving group-containing compound
represented by Formula (4j) can be obtained in the same manner as
in the third step of Reaction Scheme 2.
20 [0144]
Seventh Step
In this step, the amino group-containing compound
represented by Formula (41) can be obtained in the same manner as
in the fourth step of Reaction Scheme 2.
25 [0145]
Eighth Step
In this step, the amino group-containing compound
represented by Formula (4m) can be obtained in the same manner as
in the fifth step of Reaction Scheme 2.
30 [0l46]
The compounds (4a), (4b), (4f), (4i) and (4k) used in
Reaction Scheme 4 are readily available, or can be produced in
" accordance with a known method.
(0147]



the sane manner as in the first step of Reaction Schene 1 to obtain the

am de conpound shown in FoLnula (5)j). [0158] Seventh Step 5In this step,
when V1 in the conpound shown in Formula (5k) is -Cl=CH, the am no

gr oup- cont ai ni ng conpound shown in Fornula (5k) can be obtained in the sanme
manner as in the fifth step of Reactiog3§ghene 2. [0159] 10In this step,
when V1 in the conpound shown in Fornmuld™ (5k) is -CH2CH2-, in ethers such
as tetrahydrofuran, esters such as ethyl acetate, al cohols such as nethanol
and et hanol®aGigaitPE=daci d such as formc acid and acetic acid, or a mxture

of solvents thereof oggh,gas is reacted under ordinary pressure 15 or
hi gh pressure in the ace 0 9.001 to 1 nd preferably 0.01 to
0.3 noles, ofya redu&%_o_n__c.at al ys h mm orted pal | adi um

pl ati num oxi deyv"amel Raneyced ckel , r i/ €edofs dzepDl é@( hescogpound shown

in Foimula (S, at 0 to 120C, &@d preferably 20 @b 100C  or using 0.5 to
20 noles, and 20 preferably 1 to 10 noles, of formc acid, ammonium
formate, cycl ohexene, etc. relative to 1 nole of the conpound shown in
Forrmul a (5j )ora “hydr ogen seunce A pspl ace afoo en gas, Egmg;;z{pti on is
conducted for abgoit 1t Gﬁndaysmhe , the am ho,lgroup- congai ni ng
conpound shown i*h Korjmura(5R) can b& QEEETQQ 2lm.i i tthe] same"Enner as in
the fifth step qf, REACHHROTTSEHEME 2 (5[ 0T60FHR 5n ner TEHPTGHds (5a),
(5b), (5f), and (Si) used in Reaction Schene 5 are readily avail able, or
can be produced in accordance with a known net hod. 30[0161] The

conpounds (3e), #(4e), and (5e) used Kgﬁﬁgpction Schenes 3 to 5 can al so be
produced as mhm&hﬁTﬁfj§action Sc he Fréri dgﬁ?ﬁLbed bel ow. [0162] -39-
x/

Reaction Schene 6 " {:lw N
i NHR Seventh Step {5k) Ny

[0148]

In the above Reaction Scheme 5, V' is -CH=CH- or -

8, R% X, Y' and Z are the same as above.

CH,CHp-, and R, R®, R/, R
5 [0149]
First Step
In this step, the ester group-containing compound
represented by Formula (5c} can be obtained in the same manner as
in the first step of Reaction Scheme 2.
10 [0150]

Second Step
In this step, the hydroxyl group-containing compound
represented by Formula (5d) can be obtained in the same manner as
in the second step of Reaction Scheme 2.
15 [0151]
Third Step
In this step, the aldehyde group-containing compound
represented by Formula (5e) can be obtained in the same manner as
in the third step of Reaction Scheme 3.
20 [0152]

Fourth Step
In a suitable solvent, using 0.8 to 10 moles, and

preferably 1 to 8 moles, of the Wittig reagent or Eorner-Emmens



[0163] In the above Reaction Schene 6, Ris a protective group
of am no group, and X and Yl are the sane as above. 5[0164] In this step,

t he al dehyde group-contai ni ng conpound shown in Forrula (6¢c) can be
obtained in the sane manner as in the first step of Reaction Schene 2 by
usi ng the al dehyde group- contai ning cgg‘ggund shown in Formula (6b) instead
of the ester 10 group-containing conpound shown in Fornmula (2b). [0165] O

the compoupds,af LAS.R! &5 Ml IUCLEPe1CTRQURYSL MRANGPRALI Sldlyde
functional groups may be converted to other conpounds of the invention
by chemni catdmypavpdi Browy ihdxemgleupss) 13eastéhowss igpndveteel Loviilily Reacti on

T o P Rk R8T, ¢ ML), I tegERLI D e T
sane as aheykes,AcCoaabhyd ersd agrioeptoehn®la sifnghe dumebur{d0$68yn im0-

5 Formula (5e), at —-20 to 150°C, and preferably at 0 to 120°C, for
about 1 to 24 hours, thereby obtaining the «,B-unsaturated ester
group-containing compound shown in Formula ({59g).

[0153]
Any solvents can be used, as long as they do not

10 adversely affect the reaction. Examples of suitable solvents
include aliphatic hydrocarbons such as n-hexane, aromatic
hydrocarbons such as toluene, and ethers such as tetrahydrofuran.
‘The solvents can be used singly, or in combinaticn.

[0154]

15 Examples of the protective group (R%) of ester group in
the Wittig reagent or Horner-Emmons reagent shown in ({(5f) include
methyl, ethyl, tert-butyl, tert-butyldimethylsilyl, and benzyl.
[0155]

Examples of usable bases include inorganic bases such

20 as sodium hydroxide, calcium hydroxide, sodium carbonate,
potassium carbonate, sodium hydride, and potassium hydride; and
organic bases such as n-butyllithium, lithium diisopropylamide,
lithium hexamethyldisilazide, sodium methoxide, sodium ethoxide,
potassium tert-butoxide, diisopropylethylamine, and 1,8-

25 diazabicyclo[5.4.0]undec-7-en.

[0156]
Fifth Step

In this Step, the ester group of the ester group-
containing compound shown in Formula (5g) is deprotected by an

30 ordinary, known method to obtain the carboxylic acid compound
shown in Formula (bh}).

[0157]
Sixth Step
In this step, condensation reaction with the amine

35 compound shown in Formula {5i) or a salt thereof is conducted in



deprotecting the ester group of the ester group-containing conpound shown
in Formula (7a) by an ordinary, known nethod, or an active species thereof
is condensed in the sanme manner as in the first step of Reaction Schene 1
with the am ne conpound 5 represented by Folnula (7b), or a salt thereof,
to obtain the am de conmpound shown in Eggmula (7c). [0169] | f
one or nore asymmetric carbons are present in the conpound (1), which is

useful as g achiveahneredi et ok Ebesd Gumdiei Rea@fidihedBeRsenttd nvention,
optical isomers due to asymetric carbon atons (enantioners and

di ast er eonebs)irarkdeonede i sumauadnahowe 5y Esemn aThel Jpr esent invention
enconpasseﬁ %ﬂners t hat have been isolated, and m xtures thereof. [0170]
15The compound (1), which is useful as an active i ngredi ent of the nedicine
of the preSemntneéabi on, enconpasses pharmaceutically acceptabl e prodrugs.

Pharnaghutically accg t%PleS%rﬁgnlczi%ﬁelg O%%ﬁﬁoﬂﬁ%'éﬁbd: qﬁtrgﬂﬂhjgroups

that c be converte under condi t1ons, “such as solvolysis, or 20
under physx@kpghﬁatHeOHd;nﬂ&n$mumntgrewp+umnthydmngy¢QmpnnwuosybwnCEIbonyI,

or |ike functiaona s of e ( S an_a
"har edt ent P ERR 5o tra BT RCand o, PoRhe s aBohba Vs
funCtiOna|SggguﬁSR@Ecﬁi@ﬂr&gﬁﬂkﬂQ|Ude the groups nentioned in "lyakuhin no

Kai hat su [ Devel opnment of 25 Pharmaceuticals],” Vol. 7, pp. 163-198,
Hi r okawa PUBII%hi ng (1990). [0171] The conpound (1), which is

usefulias an active inansd erbpofwhdie viedh cime Rfpbhadpsiesentin Fyeniion,
may forman 30 acid addition salt or a salt with a base. Such salts are

i ncl uded i kdhelpréderizi NVEhtERTE NS¢ are sa s of RaYYAF e tear nas BEFT Iy

accept abl e, Spag)f 'a%e%éé@]ﬁlaeﬁcéﬂa)qrseeucvl ned wdenaehd agdiddrRmosal bsgaMitch
i norganic aC|ds such drochloric acid, hydrobrom c acid, hydroiodic

acid, sulfagie Sﬂﬂhdasnf@rmtﬁzﬁﬁhﬁ aﬁﬁo@%ﬁkﬁﬁtﬁcéévdor3% @%&?Ufeopforganlc
acids, such, eﬁéﬁ'QE%rQ8fdcpf§¥ﬁ%§ ggédls rég%teBrBH&@P'ékd¥Ha§y pxaddigeaci d,

nalonic acl succi ni ¢ acl cid, maleic acid, lacti¢ acid, malic
acid, I&troc kangd,prteast:zael n medpr@aﬁlb@mlccf &ciogl bpcllf@OJaﬁel @nd

et hanesul fonig. 6l do Bar al of uengsulf opi-c, gl o ObHt 8.0 A6l duchte i salts

W th |norg%n|c stich ds sodi Um ~ potassi um magnesi um cal ci um
al um ni um carbon- supported palladium, platinum oxide, and Raney nickel,

relative to 1 mole of the compound shown in Formula (53), at 0 to
120°C, and preferably 20 to 100°C, or using 0.5 to 20 moles, and
20 preferably 1 to 10 moles, of formic acid, ammonium formate,
cyclohexene, etc. felative te 1 mole of the compound shown in
Formula (5j) as a hydrogen source in place of hydrogen gas,
reaction is conducted for about 1 to 3 days, and then, the amino
group-containing compound shown in Formula (5k} can be obtained
25 in the same manner as in the fifth step of Reaction Scheme 2.
[0160]
The compounds (5a), (5b), (5f), and (5i) used in
Reaction Scheme 5 are readily available, or can be produced in
accordance with a known method.
30 [01lel}
The compounds (3e), {4e), and (5e) used in Reaction
Schemes 3 to 5 can also be produced as shown in Reaction Scheme 6
described below.
[0162]



etc., organic bases such as nethyl am ne, ethylam ne, neglum ne,
et hanol am ne, etc., or basic am no acids such as |ysine, arginine,
ornithine, etc.; and ammonium salts. [0172] 10The present invention further
enconpasses the hydrates, solvates, and crystal pol ynorphs of the conpound
(1), which is useful as an active ingrggpgnt of the nedicine of the present
i nvention, and pharnmaceutically acceptable salts thereof. [0173] 15Wen a
phar maceuti cal conposition contains the piperazine conpound or a salt
t her eof accBPdrHY £6°F¥He®present invention, a pharmaceutical carrier can be
added, if required, therelpygbornmng a suitable dosage formaccording to
prevention and treatnent purp SRy Exarrpl@s_l, f the dosage forminclude oral
20 preparations, injections, siylppagditories, o nts, patches, etc. O
these, oral prepaLations arg,nr&Xer apie. Such ge folLns can be forned by
B e art. [0174] 25As
t he pharnmaceutilcal tarrier, various or"'g';fani c or inorganiclcarrier materials
comonly used as™grefMHE i on naterials may be bl ende LEXCi pi ent,
bi nder, disint ngaTt, | ubricant, or colorant i{Btgolid preparations; or as a
sol vent, solubili1Zing agent, suspendi ng agent, isotonizing agent, buffer,
30 or soothing agent in liquid preparations. Mreover, a pharnaceuti cal
preparation additive, such as an antiseptic, antioxidant, colorant,
sweet ener, [&riPist abilizer nmay al so be used, if required. [0175] 350ral
solid preparations aif epBhfd Rsadtalhowshe 6, R21sexChpbditivepyional |y
together with a binder, disintegrant, |ubricant, colorant,
sweet eni ng?¥ |1aRiGC A§CARertnd & énd ¥'s ag@dEhei P AT 3P6NBound of the present
i nventison E@laqlr]oduce tablets, coated tablets, granules, powders, capsules,
or the like, using 5 an ordinary nmethod. [0176] . Exanpl es of
exci pi ents incl ude |Hctidse, sseer ode DgRife ILOWIFOBSeINERArFIPOEAfci um

car bonat e, ;kagl 10, plGh0ET ¥ahaldshnge cabd Hrese s nande Sidde i naek dagnbydr i de.
the first step of Reaction Scheme 2 by using the aldehyde group-

containing compound shown in Formula (6b) instead of the ester
10 group-containing compound shown in Formula (2b).
[0165]
0f the compounds of the present invention, compounds
having particular functional groups may be converted to other
compounds of the invention by chemically modifying these groups,
15 as shown in the following Reaction Scheme 7.

[0166]

Reaction Scheme 7
7 NHR7R? TRORN. M2
a&ooc"ﬂn by ’Wor’ \Ej\
v fijL o X {:j; o
X My
N B NONTY Y
) N e NN

) 1

L)

o Rf Q

1

{0167]

In the above Reaction Scheme 7, V* is a Cg-a alkylene
20 group or -CH=CH-, and R', R% R’, R’ and X are the same as above.
A Cp alkylene group means a single bond.

(0168}

In this step, the carboxylic acid compound obtained by



10[ 0177] Exanpl es of binders include water, ethanol,

1- propanol, 2-propanol, sinple syrup, liquid glucose, |liquid a-starch,
liquid gelatin, D-mannitol, carboxynethyl cellul ose, hydroxypropyl
cel l ul ose, hydroxypropyl starch, methyl cellul ose, ethyl 15 cell ul ose,
shel l ac, cal ci um phosphate, and polyviQ%Igyrrolidone. [0178]

Exanpl es of disintegrants include dry stgrch, sodi um al gi nate, agar powder,

sodi um hyd gggg .hgnat e, [ t i Liguhd ate,
stearic ac? nDﬁ%gﬁ@ge?$§é?ﬁ%%gbgghﬁggfgg%i%F6%23$H%¥%§%%%slof éubricants

i ncl ude pucdrfpathdt ahown siomli Eonrstiear a2 ke, bymegnestina sy e dirawe, mobned, ognd

pol yet hyl ene gl.v.caol . [0180]..,25 es. o o] i u i i oxi de
and iron oXi o%.tl[v&lgg%ues ther%é%g%n%?%%en%%ds&ggi%i n% ﬂ%&%%%ﬁ%g ggl]ent S

i ncl ude suckosE rsw bdeprahgeguedbn Btliene laeidh Bmel dranteaciovpacndl. 30[ 0182]

Oral liquid preparations_are pr ed as faollows. A etenin ent,
bufferfsst%ﬁéﬁ%%%?F?dfP%v%ﬁ?WHJQaggﬁ?f /& S ﬁ%ﬁ%%Pf?ﬁ%? Pﬁgag%§%5hnd of
the presenimidy eRibenné osiswduee Fapmhd ef7al. | i quid nedicine, a syrup, an

elixir, or the like using 35 an ordinary nethod. In this case,
smeeteningﬁ91%ﬁoring agents as -43- described above are usable. Exanples

of buffers include spdidha eirt hote, aAnthe@%ABPELSAfs Strabplbézedts dinnehede
tragacanth, gum arabic, and gelatin. |If necessary, an enteric coating or a

coating t oCoRIELsd It heWipyitls it F6EUbf22fFeECE VAN HEFHANdRE B2 5 net hods

known {for QI8 iPLeBRT 8hé OftSesdRt@ARY8SE Oln CRRkE BE1 a08MSrd fkleuds
hydr oxypropyl met hyl cellul ose, ethyl cellul ose, hydroxynethyl cellul ose,
hydr oxypr opsimusairial sgebopciyaney (enayt veeryl poedl dlaperRAEEFs80a§ other

regi stered; { rademprk) e [ 983101101 Al 8611005+ a5 £ MERY @A cBiphold OWSomérPH

adj uster,
that have been isolated, and mixtures thereof.

[0170]

15 The compound (I), which is useful as an active
ingredient of the medicine of the present invention, encompasses
pharmaceutically acceptable prodrugs. Pharmaceutically acceptable
prodrugs are ccmpounds having functional groups that can be
converted, under chemical conditions, such as solvolysis, or

20 under physiological conditions, into amino, hydroxyl, carboxyl,
carbonyl, or like functional groups of the compound (I), which is
an active ingredient of the medicine of the present invention.
Representative functional groups of prodrugs include the groups
mentioned in “Iyakuhin no Kaihatsu [Development of

25 Pharmaceuticals],” Vol. 7, pp. 163-198, Hirokawa Publishing
(1990} .

[0171]
The compound (I}, which is useful as an active
ingredient of the medicine of the present invention, may form an

30 acid addition salt or a salt with a base. Such salts are included
in the present invention insofar as they are pharmaceutically
acceptable. Specific examples thereof include acid addition salts
with inorganic acids, such as hydrochloric acid, hydrobromic acid,
hydroiodic acid, sulfuric acid, nitric acid, phosphoric acid,

35 etc., or organic acids, such as formic acid, acetic acid,



buffer, stabilizer, isotonizing agent, topical anesthetic, etc., is added
into the conpound of the present invention to produce a subcutaneous
injection, an intranmuscul ar injection, or an intravenous injection using an
ordi nary method. Exanpl es of 15 usable pH adjusters and buffers in this
case include sodiumcitrate, sodium acet and sodi um phosphat e. Exanpl es
of usable stabilizers include sodluntpyﬁ sulflte EDTA, thioglycolic acid,

and thi ol agtic AGLd. EXaMmLas of baanl Lapl 6ol aanasLehosolacl deier o

procai ne ocai ne hydrochlorid usabl e
i sot oni zi ngciapemiad e achadd,  deditim sbldy incnbd,icglaum@se’;ltmlmnmdoltala:raidlc

glycerin 4 Suppositorjes .are prepared.as al eutlcal
carrier kﬁ% aFﬁggé?t?C ﬁlgslﬁo??%fh§15ﬁ%n§§pi JES aC?Q h, cacao
butter, anﬂai@ﬁﬁéﬁu@@bﬂl&riQLdMC@ﬂUﬁEml¢Ehd%@dEdtbntOB&HHB wunpoummkgﬁnuphe
present |nvent|on optronalkéht ether with Tween 80 (ja regrsiered

t r ademar k)03FeSy ISCE 88ir Ptk FBF?H%%dnﬁﬁnﬁﬁbﬂﬂttQQ%? ng A4l ordi nary

met hod. [ 0485], %anntaeeé@@rﬁcw gpan&thyasnfiak owshy Aniokdi negyuhiass,
stabilizer, mettrng agent, preservative, etc., is added as required into

the conpousiehasTolERENr eSERt, | Ty ERSEENaMERR 3FL65d SRR FBr MY W%d 2SRy em
ordi nary x\?ﬁ&m@xa@%es o4 Rasesiimciide | iquid paraffin, white
t

petrol at um e beeswax, 35 octyi dodecyl al cohol, and paraffln Exanpl es
of preserviilidds -44- i ncl ude met hyl - parahydroxybenzoate et hyl

par ahygy oxybenzoat e, ,an 280 'lM@aM%yeﬁezqetc%mp[a%é@]tﬁ@waest@@n be

prepared by coating a g nera support 5 wth the above ointnent, cream
gel , pastesobtattes,usndgcaystﬂldlméwonm&cﬁf tEﬁaﬁpﬁﬂmurei @Gppwht@hllﬁi‘cl ude

berss angoyfiiohsl 2 hES PG JLATLAON LS HBRLE e R SncBdeaRm ol

fibers; ' mé®afid Foam she vin e, yet

pol yur et haiweveritQ[ch] 8Zhd pharmaceutchhEy&nnumﬁabﬂet$mﬂtﬁnnhaxﬁdfof the

pr esent ingﬁfﬁﬁon to be contained in such a dosage unit formvaries

dependi ng e condition of the patient or on the dosage form The
desiraly e anount in mdp@atgemu@emtﬂdﬂlmcbmpabbworo @bthonabowt 1,000 g in

15 the case, of an oral (ﬁratlon b ut 0.01 to about SQ%B rége&@e case
of an inj eRtRPYFZ1Fd°aH %? Yo 22584 %ﬁﬁ? CCRTHEY A5 &6

supposi t or YnvdBk&8], a pharmaceutical carrier can be added, if requlred,
thereby forming a suitable dosage form according to prevention
and treatment purposes. Examples of the dosage form include oral

20 preparations, injections, suppositories, ointments, patches, etc.
Of these, oral preparations are preferable. Such dosage forms can
be formed by common preparation methods known to perscns skilled
in the art,

[0174] .

25 As the pharmaceutical carrier, various organic or
inorganic carrier materials commonly used as preparation
materials may be blended as an excipient, binder, disintegrant,
lubricant, or colorant in solid preparations; or as a solvent,
solubilizing agent, suspending agent, isotonizing agent, buffer,

30 or soothing agent in liquid preparations. Moreover, a
pharmaceutical preparation additive, such as an antiseptic, anti-
oxidant, colorant, sweetener, and stabilizer may also be used, if
reguired.

[0175]

35 Oral solid preparations are prepared as follows. An



The daily dose of the nedicine in such a dosage foul 20 depends on the
condi tion, body weight, age, gender, etc., of the patient. For exanple, the
daily dose for an adult (body weight: 50 kg) nay be generally about 0.05 to
about 5,000 ny, and preferably 0.1 to 1,000 ng, and is preferably

adm nistered in one or in tw to three di,vided doses per day. 25[0189]
Since the HPGS inhibiting action is attained in manmal s, and especially
humans, by, adiiinst r abt fgnf NEHGERR£OMAI Bi BEndde, comeuBdrht f he present
invention, the conpound of the present invention is useful in treating,

pr event i nglulericmti, nppboT RS dissiess esi Sy OB PEPEHon &4t ed 1By ddee

synt hase O{né@tﬁn%olcb go‘%ﬁ&r@fﬁt Ex2aRLes i@Iveﬂltﬁs&ﬁ@é SroReet g8t

prevent ed, “or inprove y a nedicfne contalning the conpound of thé pr esent
i nvention tomiatieablebsgi grafisless epouddras dapondas al omsiiend ikpol $§ii6si s,
aIIergH§ rhinh&hgarsi%ggﬁéés, otitis nmedia, allergic 35 conjunctivitis,
spring cat At r, ékogic efmatitis, contact -45-- dermatitis, and food

al | ergi es. [§D149)0] I n addi tion, the nedicine containing the

conmpound of the present invention is. useful in.treating, preventing, or 5
i mprovi ng i nf | ammat or¥AH S8 se??&?%ﬁﬁ%ﬁglgﬁ;%ﬁﬁci%ﬁ&?ﬁ%ﬂc ngé%%ﬂ @Dnary
di sease, imi@isidl,i ahlupseynostiachhypel semsidarbohytenekamnirt,i s, eosi nophilic
pneunoni a, articular _rheumatjs degeneratjve arthritis, multiple
scl er osi s, MHFRATEHRILL TRt €F UGS Fer B8 ST A iR Caftat TN HWEE - di sease, skin
di seasgs (pspripasis, 10 eczemn, erythemm, itch syndrome, pinples, etc.),
nyositis, mnuscul ar dystrophy, post-PTCA restenosis, chronic opstructiye
arterial disease, re%%ﬁ@ﬁﬁﬂsoﬁfiﬁ}%@%¥sa%%?lggﬁfYa?%ﬁ%nﬂﬁnﬁﬁoﬁea.TR?ﬂ??n cus
secreti on pLoOQlemR, v gﬁﬁxﬁﬁélc&!rﬂﬁ),pp@;ah%ﬂﬁl@&@g ¢OggL at- A réh s o1 Hafis

; ens,;

sl eep disorders; pain; vision prob X obesity; i mmunopat hy;  and
aut oi mmunegell sldased-mpondtPpl, carboxymethple GrddidPAg: cOYEISYPREPYhe conpound

of the pfeé%ﬁuli%g%ggﬂo&ip cled bR, HEAMRAL exaaeshat iamaf Al zhei mer

di sease or brain a r 1nprove the prognosis after brain 20
damagel5 | ncelldiltdsen, sgehteci tcalaiurnhhbsphats,| angopp gy iy vAnel s8eRR+ on
and netast?ﬁifgtunnr growmh, it is also useful in cancer therapy. [0192]
Mor eover, i J useful in the treatnment and/or 25 prevention of
proliferative disordexsnmles tod BGE2nrgnans smenabedé tdy, stachhassddipobl ast

proliferation i abetic retinopat a I esi.s...Eurt her nore,
since it c%ﬁg%%%ﬁ?eE@aﬁcEﬁW?%%u%%’ %%5§9%£%%%£f%gggﬁgﬁgbtéi%%ﬁ%ﬂ can al so
be used i ncafisoriatest edtivantiarylpreenént & pnstofariinf ectdl hoygglyceride, and
20 lactose.
[C179]

Examples of lubricants include purified talc, sodium
stearate, magnesium stearate, borax, and polyethylene glycol.
[0180]

25 Examples of colorants include titanium oxide and iron

oxide.
[0181]
Examples of sweetening/flavoring agents include sucrose,
wild orange peel, citric acid, and tartaric acid.
30 [0182]

Oral liquid preparations are produced as follows. A
sweetening agent, buffer, stabilizer, flavoring agent, etc., 1is
added into the compound of the present invention to produce an
internal liquid medicine, a syrup, an elixir, or the like using

35 an ordinary method. In this case, sweetening/flavoring agents as



30 dysnenorrhea, premature delivery, and eosinophile-leucocyterel ated

di sorders. Exanples [0193] 35The present invention is described in detai
below with -46- reference to Reference Exanpl es, Exanples, and Test
Exanpl es, which are not intended to Iimt the scope of the invention.
[0194] In the follow ng description, 1H,NVR spectra were 5 neasured using
TMS (tetramethyl silane) as an internal standard, and the chem cal shifts

are indi Caag&;l%e@ GRBOL- é@td},aliﬁépe%txa;nglégeofw]e%% shiflde sabsanption

patterns, coupling constants (J), hbers of protons are indicated in
par ent hesesi t {95 pndoFhemplstsd G ﬁga@%ﬁﬁﬂ@ apeludedFasEcapsbr p¥ion

patter ns: gréblsc% n%'nﬁ geg%flrQOUleﬂdecéssgrgr ' Qille%nté:kd_c gHari gL, Ci]’.d% = doubl e

doublet, m= = broa rs = broad singlet? [0196]
Mor eover, tdwtifral Itomngrseywb(ﬂhg aeesisezhdeoofseffietts alanl bef provdaes &f

conpou nd Et eth 97] l.e 1( ;

4-(4-a noIB%\%é?ng%ﬁ) %/my b%rnazlo (o %f%tl{ ert- bu y estg?15 éﬁaHnL?oragggFém C
acid tert- ﬁmwdee&mlro(zgtﬁr@@metﬁgl26elf.tm]l®sewastﬂylssccﬁMedoiSB,di nmet hyl

sul f oxi de elnaf rred t s DNVBO) and tassi um

car bonat e é OEyget %gg H%Lf Lag5d ﬁya %&%H SlﬂL&%ﬂﬁ?T)dgiyfiﬁ mmol ) were
added t her gtioy1drel lggzg)@dlbyarai iTweleRgsat (42QGikeerdd hoadsnarAiter the

reaction mxture was cooled to roomtenperature, water was added to the 25
mxture, ah®&He precipitate was collected by filtration, thereby obtaining

4- (4- arg nopi peri di n-inydorikerzaie wedghriear bsbadylowest ex @0 adjuster,
buffer, stabilizer, isotonizing agent, topical anesthetic, etc.,
is added into the compound of the present invention to produce a
subcutaneous injection, an intramuscular injection, or an
intravencus injection using an ordinary methed. Examples of

15 usable pH adjusters and buffers in this case include sodium
citrate, sodium acetate, and sodium phosphate. Examples of usable
stabilizers include sodium pyrosulfite, EDTA, thioglycolic acid,
and thiolactic acid. Examples of usable topical anesthetics
include procaine hydrochloride and lidocaine hydrochloride.

20 Examples of usable isotonizing agents include sodium chloride,
glucose, D-mannitol, and glycerin.

[0184]
Suppositories are prepared as follows. A
pharmaceutical carrier known in the art, such as polyethylene

25 glycol, lanolin, cacao butter, and fatty acid triglyceride, is
added into the compound of the present invention, optionally
together with Tween 80 (a registered trademark) or a like
surfactant, followed by production using an ordinary method.
[0185]

30 Ointments are prepared as follows. BAn ordinary base,
stabilizer, wetting agent, preservative, etc., is added as
required into the compound of the present invention, and mixed
and formulated using an ordinary method. Examples of bases
include liquid paraffin, white petrolatum, white beeswax,

35 octyldedecyl alcohol, and paraffin. Examples of preservatives



[0198] Exanple 1(2) 4-(4-(4-((l-met hyl pyrrol -2-yl1)-carbonyl)-1-

pi per azi necar banoyl ) pi peridin-1-yl)-benzoic acid tert-butyl ester

354-ni trophenyl chloroformate (2.42 g, 12 mmol) was -47- dissolved in
tetrahydrofuran (hereinafter referred to as THE') (50 m), and a THF (30
m ) solution of the 4-(4-am nopiperidin-1-yl)- benzoic acid tert-butyl
ester (2.76 g, 10 nnDI) obt ai ned in Exanple 1(1) was added dropw se at

-30C. After rin r.3 th jgﬁ[]:gg{

1-[(1- n'eth %ﬂi ghﬁ) al% car %g%%?i%&gérg%?ﬁ%é roc %%ﬂzo(aZteSB g, 11
mrol ) and émdthw@anpmfamﬁﬁﬁbxﬁbsnéaanmnI) were added to the m xture,
followed by stirring at roomtenperature for 15 hours. A saturated sodi um
bi car bonat %ﬁﬁeous solution was added to the 10 reaction m xture, followed
by extraction wth etdndheacehatiee Jdi@agedaby ccdeyiery wagemashiedsuppbht wat er
and saturated sodium chloride, and then drled over anhydrous sodi um

sulfat® Aftidt HReaReLE U Ss FIPEBr & lof P25HRe $8sidi& 8Bt A ned by

evapor at i o 4inEe%, HedHE8d PRERBUES WBSsupBbits ethdlSiceg waedh Ut pTceﬁrSUéﬁ
silica gel 15 fl ash col utm chr omat ogrg%%/ﬁﬂ met hanol : chl arof orm =

©1
1:30), t hefarsicsprarai Agem-qktea. (eFa Pr ofig. %e)mleé‘#béweﬁsfl antl”

pi pera2| ne I e C I toduiath veshe 73
759 as o o4 TEy D {C R0 AR (oD 8 (porh A0 176D (M 2H) .

1.57 (s, %plytmre%azen 20 (d, J = 9.1 Hz, 2H) [0199] 25 Exanple 1

4-(4- ( iOf%[ hyl pyrrol -2-y1)-car bonyl) 1-
plpera2|ne énnyl)plperldln 1-yl)-benzoic acid (conpound 1)
The 4- (4 (4-((1- nEtHVkpymE@hiZOﬁ1§h%aKE@@ym¥ qf the present invention to

Di per azi necar baoyLL Al PErLOLN-d Lhsbensel Ganl dat esl-duodaes! o 00248

g, 50rrrm alne ssol ormc-acid (10 m),
fol | owed bgtoxschlmrdnngff Dhe5paht01mﬂ: at 6®O:hev\aioeslagm§oazdde&h€od@$@a’ﬁé§l due

obt i ned D4 SRS LaL) 95 ISt odues PLERIHT 8,080, IR 9500b A e
4- (4- (14 ((dneetdnd pyr gal oﬁayjpfe;arrla@myﬂ) a’]bout 0.01 to about 500 mg in
the case of an injection, and about 1 to about 1,000 mg in the
case of a suppository.
[0188]
The daily dose of the medicine in such a dosage form
20 depends on the conditien, body weight, age, gender, etc., of the
patient. For example, the daily dose for an adult (body weight:
50 kg) may be generally about 0.05 to about 5,000 mg, and
preferably 0.1 to 1,000 mg, and is preferably administered in one
or in two to three divided doses per day.
25  [0189}

Since the H-PGDS inhibiting action is attained in
mammals, and especially humans, by administrating a medicine
containing the compound of the present invention, the compound of
the present invention is useful in treating, preventing, or

30 improving diseases caused by PGDZ generated by the synthase or
metabolite thereof. Examples of diseases to be treated, prevented,
or improved by a medicine containing the compound of the present
invention include allergic disease such as bronchial asthma,
pollinosis, allergic rhinitis, sinusitis, otitis media, allergic

35 conjunctivitis, spring catarrh, atopic dermatitis, contact



35 pi perazi necar banoyl ) pi peridin-1-yl)-benzoic acid (2.12 g, 97% as -48-
~a mlky-white solid. 1HNWR (DVMSO-dO: 5 (ppm 1.32-1.60 (m 2H), 1.75-1.95
(m 2H), 2.82-3.10 (m 1H), 6.30-6.48 52H), 7.76 (d, J = 9.0 Hz, 2H), 12.21
(br, 1H) [0200] Exanple 2

4-((I -methyl pyrrol -2-y1)-carbonyl)-N-(1-(4-(pyridin-3-

yl met hyl car banoyl ) phenyl) - pi peri di n-4-37f - 1- pi per azi necar boxam de

10( conmpound 2) . .The 4-(4-(4-((1-nmethyl pyrrol-2-yl)-carbonyl)-1-

pi per azi né%a?%?&r%;}?) p?%%r%o(ﬂ%g%-l?i?% )enzoi ¢ aci d (440 nmg, 1.0 mmol)

obtai ned i jpi@@npl e 1 was dissolved in N, Ndi net hyl f or mam de (hereinafter
referred to as DVWF) (3.0, m), and 15 1-ethyl-3-(3-dinethyl am no

propyl ) carbodi i mi de (i‘rdﬁi&ﬁ%LB?i d‘g"e( ﬁ?ﬁé?ﬁ’é\%’t%@t éflépgeéh%locoéng%wf (230
g, 1.2 nmoghe brhyde oxyhonzehy iiazokerumnehydeat end hereiveatieg, ref erred to
as HOBt) (168 ng, 1.1 mmol), and, K 3-am nqrrq%hh l'g ridine (0,12 m,, 1.2 nmol)
vere addediHeend, 1ol FEEP Y FEFRTSHd Hé? %e%}r%%eés%u‘f‘aﬁ’es hour s.

After cooldngdrd rh0aMsLmenatuker i & SRtdHcalesi $0thyiBtesal bonade aqueous
solution was added to the mxture, and the precipitate was collected by
filtrati orPRAWREELEE, URRENIREdL LanBReuNatde e8Y bt €4St &PeURBFEH) obt ai ni ng
4- ((1-met rQki%e arthriti ltiple sclerosi trophic lateral
yl)-car bo%élﬁl\l-r%l-lﬁi-?%yrrll ilr?-'sx-mil rrleEt) h?YISgasgg?r%?/'l )a]n?lyeomjfclD - 135 a'eré

pi peri di n-#elehosispi petf batinsdeaybbrasd dil (6228, ngkig2hseases APFRYLAMSE e

L S L DI S B
4. 37-4. 50 fugculldr, d¢sbdoglty;, Post5PBCHzyestbndpisp. Gbr®@iits oprtraguide
o0 e Byt Tttty SRS DRy Pl il 0 < 0
reaction; mucus secretion problems; reproductive problems; blood
coagulation disorders; sleep disorders; pain; vision problems;
15 obesity; immunopathy; and autoimmune diseases.
[0191]

The medicine containing the compound of the present
invention is expected to prevent exacerbation of Alzheimer
disease or brain damage, and/or improve the prognosis after brain

20 damage. In addition, since it can inhibit cell neoplastic
transformation and metastatic tumor growth, it is also useful in
cancer therapy.

[0192]

Moreover, it is useful in the treatment and/or
25 prevention of proliferative disorders due to PGDZ or its
metabolites, such as fibroblast proliferation, diabetic
retinopathy, and tumor angiogenesis. Furthermore, since it can
suppress PGD2-induced smooth muscle contraction, it can also be
used in the treatment and/or prevention of infertility,
30 dysmenorrhea, premature delivery, and eosinophile-leucocyte-

related disorders.

Examples
[0193]

35 The present invention is described in detail below with



[ 0201] Exanple 3 35 4-((l-methyl pyrrol-2-yl)-carbonyl)-N(1-(4-(2- - 49-
nmor phol i noet hyl car banoyl) - phenyl) - pi peri di n-4-y1)-1- piperazi necar boxam de
(conpound 3) Fol | owi ng the procedure of Exanple 2,
am noet hyl nor phol i ne was used instead of 3-am nonethyl pyridine, 5 thereby
obt ai ni ng 4-((1-nmet hyl pyrrol -2-yl)-car Qggyl) -N-(1-(4-(2-
Ergrzc%]ol i noet _héyl car banoyl) - phenyl) - pi peridi n-4-Y1)-1- pi perazi necarboxam de
as - whi e NP ' 1 2H) ,
190 217 T Bt 5 S T et 7 ararbe (e Rl (W 6
3.79 (s, 1@8ih a3e6ror. DOgnded] tp) limiyshedscgpe gf Fhez inygngiong 05-6. 14
(m 1H, 6[@199-4q.40 (m 1H), 6.55-6.78 (m 21-i), 6.90 (d, J - 8.9 Hz, 2H),
7.68 (d, -78.9 Hz, 2H) [0202] Exanple 4 15
4- ((1- et hyl pyrr ol - 2kry Phec &obbowying NMestrintidn, 'H-NMR spectra were
mor phol_i nyl car bonyl ) phe -piperidin-A4-.¥1)-1- i.perazi aLpoxam de
(com otnd rgﬁasure% uLBAS W&%oﬁ%ﬁaﬁgjc@ﬁgs%r%gida? gérgﬁl é:%rr%ﬁegg, m)rdghol i ne
vvashulsed |m;sdgﬁﬁé @heﬁial;m nanEitzy bpyr idhinetetheyeby (mint)ai NiWhigh 4ee(speet 26
met hyl pyrrol -2-y1)-carbonyl)-N-(1-(4:(4- :
Tor phol | ny P BB nERy 5% pitEPE L Hs RREFSERS i BRIRARe SAPEERER dd (5294
?s gH)m | Kyamdidugbseki df ddbtNVR GeBd8hd fedtpnih. p@rdntthe(sns.21-1), 2.01-2.24
m ,
{0195]

10 The following symbols are used for absorption patterns:
s = singlet, 'd = doublet, t = triplet, g = quartet, dd = double
doublet, m = multiplet, br = broad, and brs = broad singlet.
{0196]

Moreover, the following symbols are used for structural

15 formulas of compounds: Me = methyl and Et = ethyl.

[0197]
Exanple 1(1)

4— (4-aminopiperidin-1-yl)-benzoic acid tert-butyl ester

4-fluorcbenzeic acid tert-butyl ester (19.6 g, 100
20 mmol) was dissolved in dimethyl sulfoxide (hereinafter referred
to as DMSO) (50 ml), and potassium carbonate (20.7 g, 150 mmol)
and 4-aminopiperidine (11.0 g, 110 mmol) were added thereto,
followed by stirring at 120°C for 17 hours. After the reaction
mixture was cooled to room temperature, water was added to the
25 mixture, and the precipitate was collected by filtration, thereby
obtaining 4-(4-aminopiperidin-1-yl)-benzoic acid tert-butyl ester
(23.3 g, B4%) as a milky-white solid.
H-NMR (CDCls): & (ppm) 1.15-1.75 {(m, 4H), 1.57 (s, 9H), 1.83-2.04
(m, 2H), 2.81-3.02 (m, 3H), 3.72-3.94 (m, 2H), 6.85 (d, J = 9.2
30 Hz, 2H), 7.85 (d, J = 9.2 Hz, 2H)
[0198]
Example 1(2)
4-(4-({4-( (l-methylpyrrol-2-yl)-carbonyl)-1-

piperazinecarbamoyl)piperidin-1-vyl)-benzoic acid tert-butyl ester

35 4-nitrophenyl chloroformate (2.42 g, 12 mmol) was



2.87-3.03(m 2H), 3.34-3.57(m4H), 3.79 (s,3H), 3.59-4.00 (m 25 [0203]
Exanple 5 30 4-((1-nethyl pyrrol -2-y1l)-carbonyl)-N(1-(4-(1-

pi peri di nyl car bonyl ) phenyl) - pi peri di n-4-y1)-1- piperazi necar boxam de
(conpound 5) Fol | owi ng the procedure of Exanple 2,

pi peridine was used instead of 3-am nomgthyl pyridine, thereby obtaining
4-((1- 35 nethyl pyrrol-2-yl)- carbonyl)nﬁl-(l (4-(1- -50-

pi peri di nyhtaghorwy zah@@wa I\}IRirl%%ﬁIrth tHepelhattepi ﬁ@f@z_fle@e@armxam)d%()%%
as a mlky-white solid. VR( 00013 51% 1. 40-

(m 8H), 2. 0Bl 2. BICEmp2HjiE ?20 79-) 3893%}%)0 -4r omﬁl ipesidipsl-yipy,

benzoic acid tert-butyl ester (2.76 g, 10 mmol) obtained in
Example 1(1) was added dropwise at -30°C. After stirring for 30

5 minutes at the same temperature, 1-[{(l-methyl-l1H-pyrrol-2-
yl}carbonyl]piperazine hydrochloride (2.53 g, 11 mmol) and
triethylamine (5.6 ml, 40 mmol) were added to the mixture,
followed by stirring at room temperature for 15 hours. A
saturated sodium bicarbonate agueous solution was added to the

10 reaction mixture, followed by extraction with ethyl acetate. The
organic layer was washed with water and saturated sodium chloride,
and then dried over anhydrous sodium sulfate. After the desiccant
was filtered off, the residue obtained by evaporation under
reduced pressure was purified using medium-pressure silica gel

15 flash column chromatography (methanol:chloroform = 0:1 to 1:30),
thereby obtaining 4-(4-(4-((l-methylpyrrol-2-yl)-carbenyl)-1-
piperazinecarbamoyl)piperidin-1-yl)-benzoic acid tert-butyl ester
(3.73 g, 75%) as a milky-white solid.
lH-NMR (CDCls): & {ppm) 1.40-1.68 (m, 2H), 1.57 (s, 9H), 1.98-2.17

20 (m, 2H), 2.91-3.08 (m, 2H), 3.35-3.53 {(m 4H), 3.79 (s, 3H), 3.68-
4.00 (m, 7H), 4.33 (d, J = 7.1 Hz, 1H), 6.06-6.18 (m, 1H), 6.30-
6.41 (m, 1H), 6.68-6.78 (m, 1H), 6.85 (d, J = 9.1 Hz, 2H), 7.86
(d, J = 9.1 Hz, 2H)
[0199]

25 Example 1
4-(4-{4-{{1-methylpyrrol-2-yl)-carbonyl)-1-

piperazinecarbamoyl)piperidin-1-yl)~benzoic acid (compound 1)

The 4~ (4-(4-((1l-methylpyrrol-2-yl)-carbonyl)-1-
piperazinecarbamoyl)piperidin-1-yl)~benzoic acid tert-butyl ester
30 (2.48 g, 5.0 mmol) obtained in Example 1{2) was dissolved in
formic acid (10 ml), followed by stirring for 5 hours at 60°C.
Water was added to the residue obtained by concentration under
reduced pressure, and the precipitate was collected by filtration,
thereby obtaining 4-(4-(4-{({l-methylpyrrol-2-yl)-carbonyl}-1-

35 piperazinecarbamoyl)piperidin-1l-yl)-benzoic acid (2.12 g, 97%) as



4.33-4.44 (m 1H),6.02-6.11(m 1H),6.31-6.38 (d,J = 8.9 Hz,2H),7.32(d,J =
(m1H),6.72 8.9 Hz,2H) (brs, 1H),6.89 1H NWVR (CDC13): 5 (ppm
1.38-1.72 (m 2H), 1.82-2.21 (m 6H), 2.82-3.05 (m 2H), 3.40-4.02 (m
15H), 3.78 (s, 3H), 4.34-4.48 (m 1H), 6.05-6.12 (m 1H), 6.31-6.36 (m
1H), 6.68-6.64 (m 1H), 206.88 (d, J = 8,9 Hz, 2H), 7.48 (d, J = 8.9 Hz,
2H) [0205] Exanple 7(1) 4-(4-am nopi perigi n-1-yl)-benzoic acid ethyl ester
Fol | owi ng éhﬁdﬁryg%?%ées(?iicﬁxanpl e 1(1), 4- 25 fluorobenzoic acid ethyl

0

ester was Used I'nstea 4- fluorobenzoic acid tert-butyl ester, thereby
obt ai ni ng MR ADMIOpiper ddipen)- Y1 p2benedi @ aéld, el h)d-leterdm( 984), as a

{;! low sol 1 dy, L+ INE (09Q113) 3 & (RPMat; 39:15-40 oeMm2Hl 1myl, 36 dote. 92 =, O
1H), 6.30-6.48 (m, 2H), 6.85-6.97 (m, 1H), 6.95 (d, J = 9.0 Hz,
5 2H), 7.76 (d, J = 9.0 Hz, 2H), 12.21 (bx, 1H)} ‘
[0200]
Example 2
4-({1-methylpyrrol-2-yl)~carbonyl}-N—(1-(4- (pyridin-3-

ylmethylcarbamoyl)phenyl)—piperidin—4—yl)—1—piperazinecarboxamide

10 (compound 2)

The 4-{4-(4-({l-methylpyrrol-2-yl)-carbonyl)-1-
piperazinecarbamoyl)piperidin-1-yl)-benzoic acid (440 mg, 1.0
mmol) obtained in Example 1 was dissolved in N, N-
dimethylformamide (hereinafter referred to as DMF) (3.0 ml), and

15 l-ethyl-3-(3-dimethylamino propyl)carbodiimide hydrochloride
(hereinafter referred to as WSCD) (230 mg, 1.2 mmol), 1-
hydroxybenzotriazole monohydrate (hereinafter referred to as
HOBt) (168 mg, 1.1 mmol), and 3-aminomethylpyridine (0.12 ml, 1.2
mmol) were added thereto, followed by stirring under heat at 60°C

20 for 3 hours. After cooling to room temperature, a saturated
sodium bicarbonate aqueous solution was added to the mixture, and
the precipitate was collected by filtration and dried under heat
under reduced pressure, thereby obtaining 4-((l-methylpyrrol-2-
yl)—carbonyl)wN—(1—(4—(pyridin—3—ylmethylcarbamoyl)phenyl)—

25 piperidin—4—yl)-1—piperazinecarboxamide {223 mg, 42%) as a milky-
white solid.
l4-NMR (CDCl3): & (ppm) 1.36-1.60 (m, 2H), 1.98-2.18 (m, 2H),
2.85-3.08 (m, 2H), 3.30-3.48 (m 4H), 3.78 (s, 3H), 3.65-4.00 (m,
7H), 4.37-4.50 (m, 1H), 4.64 (d, J = 5.8 Hz, 2H), 6.06-6.14 (m,

30 1H), 6.31-6.39 {m, 1H), 6.41-6.56 {(m, 1H), 6.67-6.76 (m, 1H),
6.88 (d, J = 9.1 Hz, 2H), 7.20-7.35 (m, 1H), 7.59-7.78 (m, 3H),
8.47-8.65 (m, Z2H)

[0201]
Example 3
35  4-((l-methylpyrrol-2-yl)-carbonyl)-N-(1-{4- (2~




303H), 1.93 (d, = 5.4 Hz, 2H), 2.85-2.96 (m 4H), 3.83 (d
2H), 4.32 (q, J 7.0 Hz, 2H), 4.74 (br, 1H), 6.90 (d, J =
7.91 (d, J = 9.2 Hz, 2H). [0206] Exanple 7(2) 35

4- (4- benzyl oxycar bonyl am nopi peri di n-1-Y1)-benzoic acid ethyl -51- ester
The 4-(4-am nopi peridin-1-yl)-benzoic gg'bg ethyl ester (15.7 g, 63.2 muol)
obtained in Exanple 7(1) was dissolved rn THF (200 m ), and a 2M sodi um
carbonate agy ol uti 0 O Loas, 193 -added; 4heret gy —pubsequent |y,

benzyl oxyca ot Tde : 822 Wwas added t hereto, foll owed
by stirri noimtrazooarddppardtder dcboponichagurs. Water was added to the

reaction m xture, f%ldﬂ\g%gngg%lﬁé(ipr{%%%h@g%vgg Z‘%}%}n@[e acetate. The organic

| ayer was washed wi th water: tura So chl ofide, and then dried
10 over andwyidicetisydadipim kide ate. ufd emstieeddesi Toamnopashyipyeicddesf f, t he

solid obtained by evaporatio nder. reduced pressu ol:l ect ed /by
filtrati ontf}ﬁﬁ?bé%/PEHag‘ﬁHé‘} %'_g(dgég‘aéwjéasysr&rcg, Et ﬁzfe a?/:b\ggl %’?nllhngf Al
4- ( 4- benzyhoxyrean heayharenapinpel ) dhtedy iy Ppipenrdin-4&oild -8thyl ester (18.0
g, 74% as a white solid. 1511- %L\Ig/R %nCDCL?%: 5 %@%mg 1.36 (t, J = 7.0 Hz,
31-1), 1. 3WPerezipprashgxamidsy (5230 3m>ME15Vo8te 481 ) 2H),
3. 75-3. 85 myvBH epck32( 8. (Jpim 7..Q1HZ, 8% (rf. 2HODr 118952 571w, 2H),
2.38-2.69 (m, 6H), 2.87-3.09 (m, 2H), 3.33-3.60 (m, €H), 3.79 (s,
10 3H), 3.62-4.00 (m, 11H), 4.45 (4, § = 7.3 Hz, 1lH), 6.05-6.14 (m,
1H), 6.29-6.40 {(m, 1H), 6.55-6.78 (m, 2H), 6.90 (d, J = 8.9 Hz,
2Hy, 7.68 (d, J = 8.9 Hz, 2H)
[0202]
Example 4
15  4-((l-methylpyrrol-2-yl)-carbonyl)-N—{1-(4- (4~

J

morpholinylcarbonyl)phenyl) -piperidin-4-yl)~1-

piperazinecarboxamide (compound 4)

Following the procedure of Example 2, morpholine was
used instead of 3-amincmethylpyridine, thereby obtaining 4-((1-
20 methylpyrrol-2-yl)-carbonyl)-N-(1-(4- (4~
morpholinylcarbonyl)phenyl)-piperidin-4-yl)-1-
piperazinecarboxamide (52%) as a milky-white solid.
IH-NMR (CDCl3): & (ppm) 1.40-1.67 (m, 2H), 2.01-2.24 (m, 2H),
2.87-3.03 (m, 2H), 3.34-3.57 (m 4H), 3.79 (s, 3H), 3.59-4.00 (m,
25 15H), 4.32-4.45 (m, 1H), 6.05-6.14 {m, 1H), 6.30-6.39 (m, 1H),
6.68-6.77 (m, 1H), 6.8%9 (4, J = 8.9 Hz, 2H), 7.34 (d, J = 8.9 Hz,
2H}
[0203]
Example 5
30  4-((l-methylpyrrol-2-yl)-carbonyl)-N-(1-(4-(1-

piperidinylcarbonyl)phenyl)-piperidin-4-yi)-1-

piperazinecarboxamide (compound 5)

Following the procedure of Example 2, piperidine was
used instead of 3-aminomethylpyridine, thereby obtaining 4-((1-
35 methylpyrrol-2-yl)-carbonyl)-N-(1-(4-{1-



(s,2H), 6.85 (d, J - 9.2 Hz, 2H), 7.26-7.36 (m 5H), 7.91 (d, J = 9.2 Hz,
2H). [0207] 20 Exanple 7(3) 4-(4-benzyl ox carbonyl am nop
eridin-l-yl)-benzal dehyde The

4- (4- benzyl oxycar bonyl am nopi peridin-1-yl)-benzoic acid ethyl ester (13.6
g, 35.6 mmmol) obtained in Exanple 7 (2)was dissolved in dichloronethane
(150 m), and a 25 diisobutyl al um num hydri de- hexane solution (91 m, 89.0
mol ) was iRt et PoordiPl)lpeed1 by SidHikiiRgaaba r78C for 1 hour. Methanol
was added to the reaction m xture, and then saturated sodiumchloride was
added t herpirsrazdhneonsotyisia r(6BRYy. anfa &l 1KkHe P HsdISHHE -mat eri al was
filtered wi]| | kte, \th ent apenat ednfr f bt rate under
reduced préiggggﬁé#%?)éb§a?@%§ ?é§p§3é$€agmd?§gélgégéi%n%%gﬁvo?géihane (180
m), and nuntiedd dinpxPde, (BBDO-4gP5wés, atifBd théPetd; BBl 1 dwedBy44t (ri ng
at 60C_for, 21 [,S ter t i psql ubl t erj;al fal ter Wi Celite
t he soﬁben%ghhgﬁg@agbﬁgtgﬁ'H?@ﬁ\?hgifgffigﬁg Eﬁgér@ggzr%ﬁ%éegg%?égggre,

t hereby obt&j ni rg842(4z, 22~ 7.32 (d, J = 8.9 Hz, 2H)

benzyloxyc&b%? yl am nopi peridin-1-yl)-benzal dehyde (7.0 g, 58% as a white
solid. 1H ‘@00013): 5 (ppm 1.43-1.56 (m 2H), 2.08 (d, J = 9.7 Hz, 2H
3.10 (t, JEmamdleleHz, 2H), 3.80-3.90 (m 31-1), 4.70 (br, 1H), 55.11 (s,
077 (s, 1yl (Fmaseyteybipio sdyeaztony (R (- (11 (6 0= 89 1 20
N- (4- (12r hyglyoamaidhvly) Bhesyd) ri4hkernzyhexysarhenyan Appi peri di ne

10N@thoxynetny|tr|pnenglphos honium chl oride (16.2 g,
pipérazinecarboxamide (compound 6)

Following the procedure of Example 2, pyrrolidine was
used instead of 3-aminomethylpyridine, thereby obtaining 4-{(1-
methylpyrrol-2-yl)-carbonyl)-N-(1-(4-(1-
15 pyrrolidinylcarbonyl)phenyl)-piperidin-4-yl)-1-
piperazinecarboxamide (72%) as a milky-white solid.
'H-NMR (CDCls): & (ppm) 1.38-1.72 (m, 2H), 1.82-2.21 (m, 6H),
2.82-3.05 (m, 2H), 3.40-4.02 (m, 15H), 3.78 (s, 3H), 4.34-4.48 (m,
1H), 6.05-6.12 (m, 1H), 6.31-6.36 (m, 1H), 6€.68-6.64 (m, 1H),
20 6.88 (d, J=8.9 Hz, 2H), 7.48 (d, J = 8.9 Hz, Z2H)
t0205]
Example 7 (1)

4- (4—aminopiperidin-1-yl) -benzoic acid ethyl ester

Following the procedure of Example 1(1), 4-

25  fluorobenzoic acid ethyl ester was used instead of 4-
fluorobenzoic acid tert-butyl ester, thereby obtaining 4-(4-
aminopiperidin-1-yl)-benzoic acid ethyl ester (98%) as a yellow
solid.

H-NMR (CDCls): & (ppm) 1.33-1.40 {(m, 2H), 1.36 (t, J = 7.0 Hz,

30 3H), 1.93 (d, J = 5.4 Hz, 2H), 2.85-2.96 (m, 4H), 3.83 (d, J =
13.2 Hz, 2H), 4.32 (g, J = 7.0 Hz, 2H), 4.74 (bxr, 1H), ©6.90 (d, J
= 9,2 Hz, 2H), 7.91 (d, J = 9.2 Hz, 2H).

[0206]
Example 7(2)
35 4-(4-benzyloxycarbonylaminopiperidin-1-yl)-benzoic acid ethyl




47.3 mmol) was dissolved in THF (300 m ), and an n-butyllithiumhexane
solution (29.0 m, 45.4 mmol) was added dropwi se at 0C, foll owed by
stirring for 30 m nutes. Subsequently, the 4-(4-

benzyl oxycar bonyl am nopi peri di n-1-yl)-benzal dehyde (3.2 g, 9.46 15 nmol)
obtai ned in Exanple 7(3) was added thergto, followed by stirring at room
tenperature for 17 hours. A saturated sodi um bi carbonate aqueous sol ution
was added g¢g d/he reaction mxture, followed by extraction with chlorofolLm
The sol vermt—was evaporated fromthe organlc | ayer under reduced_pressure,

and the 20 obt ai ned Tesitdib-ABEQUIFCTLEENTSTHY TSAFART pResd HEEY4i FFIEF gel
flash colu Chro”@ﬁoﬂrr@&&enop@ﬁ Ly cdy @%‘amp@éhﬂl aGpl-atiesbexane in th#) .

t her eby ob cru er as a mxture. The obtained m xture was
di ssol ved iaﬂ(btrrﬂylr an@tatd! (S30ipmn) CamaéEGNQH?W%cﬂﬂléﬁﬁl@naéﬁﬂ THqu¥ass

solutien ( ad :gy@ig_. t K 10R€eyhour .
The reacti odnq%rféﬂ%%l?\r,\%&\)/\/as%ﬁgﬁ%g@%l zed \%?{1%91% ﬁﬁ% Lhls %ﬂjsefaﬁurat ed
sodi um bi c&r Bonabeé ) agae cauklesblthereny, fiollllowed by %bctmm eh wharh

chl or of or m The sol ve evapor.at.ed fro u duced
pressure. ﬁ%&f‘ﬁeﬁm? \éz\gsr@l%s V?a(} “&sOrv déc?end %ﬁg%ﬁ IJ?T%& 91gg{mls%hanol
(15 m), aftdll&m@dubyb@xwatdfﬂo@ewﬁﬁﬁ%ml 4c89atmol Thwasrgater lElyerevas

foll owed by stirrin Cfor 1 hour. After a saturated ni um.chl ori de

agueous soWacﬁl}e@nw\%g ‘é%l%%‘a SREVFRET i S@ﬁilﬁfnx?ﬁ?%r,l@\‘%t @P%\qgge%d#&?lato t he

resi dye obtwimnecnbyreeoceiinat isonfepger Areducet pleedsunnt Wae ﬂdﬂeei:edit ate

was 35 collected by filtration, thereby obtainin N-lg (c - 53- [w0209]
Exanpl e 7(%hf, the solid obtained by evaporation under educed préssure

N-(4-(2-t osl erelihy )Pb:@iwalt)loﬁ Qﬁazaﬂ@a/%ub,@nyé@mwmr@%@udenethem;pe
N- (4- (2- hydroxyet hyl ) phenyl) - 4- benzyl oxycar bonyl am nop |per| dine (1

3.89 nmol )o@mmmédﬂirh4m1@xycea§wmn§§ép%hdw Toypili) aPRBZPHE @'%ﬂ)

and ptol ue I ¢ehd o5 ide 960,00, 3,:Q4 wppky, was added thereto under
i ce-cool ing, %% ?g Stéijl‘l‘l ng ?ora4 hlours Water was 15 added to the

react ilén n]i?thMRe C@@ﬂda)t‘hé pprei pli 34t dtwad ol IOe(I:ltZed:”Hi/ f113%-dt-08n ("t her eby

b 4- | ) Bh 2 2 | g’
0270 SISO Dhem f L00) o545 2

benzyl oxy c3H o3& qopﬁpveﬂ dl dleg, 2H), 4. 71 bx, 2181t r3 dZol (&, (34, MA-8558. 6
mol ) was add = 2H) .
N( 4-(2-tos;?/lcﬁi jf/jet %y%) pﬁényfi)) 1 lgenzy?ox%arstl)%r’wl am nodf)l pJerl gi'ne %'3. 0'g,
5.90 mol ) {@bi7i ned in Exanple 7(5), followed by stirring
20 Example 7(3)
4-{4-benzyloxycarbonylaminopiperidin-1-yl)-benzaldehyde

The 4-(4-benzyloxycarbonylaminopiperidin-1-yl)-benzoic

acid ethyl ester (13.6 g, 35.6 mmol) obtained in Example 7 (2)
was dissolved in dichloromethane {150 ml), and a

25 diisobutylaluminum hydride-hexane solution (91 ml, 89.0 mmol) was
added thereto, followed by stirring at -78°C for 1 hour. Methanol
was added to the reaction mixture, and then saturated sodium
chloride was added thereto, followed by stirring. After the
insoluble material was filtered with Celite, the solvent was

30 evaporated from the filtrate under reduced pressure. The obtained
residue was dissolved in dichlorcethane (180 ml), and manganese
dioxide (38.0 g) was added thereto, followed by stirring at 60°C
for 21 hours. After the insoluble material was filtered with
Celite, the solvent was evaporated from the filtrate under

35 reduced pressure, thereby cobtaining 4-(4-



30 at 90C for 2 hours. Methanol was added to the reaction m xture. The

m xture was ref |uxed under heat for 1 hour, and then allowed to cool to
roomtenperature. The precipitate was collected by filtration, thereby
obtaining N-(4-(2-(1,2,3-triazol-1-y1)-

et hyl) - phenyl ) - 4- benzyl oxycar bonyl am napjperidine (1.3 g, 54% as 35 a
white solid. -54- 5 [0211] Exanple 7(7)

N- (4- ( 2- ( Lpen3yidd@aebohyYdn ridiypk)1 ahenyyl)4bankta d dime g Thess
N-(4-(2-(1, 2, %ytrlygzol 1yy1)-etﬁjhg/slgc ghenyl% 4- 10 BRI d & )

benzyl oxycas bdrifiide sepiferi dine (1.3 g, 50 ol ) obtained in Exanple 7 (6)
was di ssol veqprn (ABENANOlS ((g,%ayﬂ]) 2ng EISIF(IQ132H;1 ) 2. @gdééoo{q pald_adjjpm car bon

(hereinafter referre to as (130 ded ol | owed by stlrrlng

at room t eABer at-dide (itn én—allm"sélﬁer 8Hof nﬁﬁﬂ’@g@ﬁ gas Ior 24 7Rolks. Wrer
the insoluble 1 t-erial fiqd tegre t | Kt sl v
evapor?t)ed?f romét E ?I I ?r%ﬁ%ng ?egu%\éed@ﬁsgu?g J’}'?%er(‘tia%lby@%f \z,a\?%%g
N-(4- (2- (12,3t 6.828k, 12§)1) -Bt/Ay|(, phighy! ) - 4- ani nopi peri di ne (870 ny,
99% as a (SﬁrSOl'd 20 [0212] Exanple 7 25

4-((1-meth % 2-yl)-carbonyl)-N-(1-(4-(2-(1,2,3-triazol-

y1) - et hyl )meqm];el)’/‘- (@hperidin-4-yl)-1-pi perazi necar boxam de (corrpound 7)
Fol | owi ng. f I ( - N- 4- . .

of 4- (143— am nopi perl M&%Wh@mzai@ml@hbephemIch&@h:&de Hl@.rzelgy

obtalnlng4( 1rreth yrr ).- car.bon

(4-(2- (1,243 ér”i‘n%%ldl :d&s%‘%]ﬁ‘ig lBhEH% g’%d ﬁéw)rdﬁﬁ%a%/ﬂ bptyllithivm-

pi per azi neﬁ@ﬁ&%%l@%ﬁ%%%ﬁ @, Mabky- whd1)e we@l hlded dropwise at 04} NWVR
(CDC13) 65 (m _2H), 209(d J =12.0 Hz, 352H), 2.86(d, J
= 11.0 Hz, fgﬁ?xmgifg'@@1r31@g7ﬂ§7ﬁ@ mgpyte% 4§ubsequently, the (4-

benzyloxycarbonylaminopiperidin-1-yl)-benzaldehyde (3.2 g, 9.46
15 mmol) obtained in Exemple 7(3) was added thereto, followed by
stirring at room temperature for 17 hours. A saturated sodium
bicarbonate aqueous solution was added to the reaction mixture,
followed by extraction wifh chloroferm. The solvent was
evaporated from the organic layer under reduced pressure, and the
20 obtained residue was purified using medium-pressure silica gel
flash column chromatography (NH silica gel, ethyl acetate:hexane
= 1:4), thereby obtaining a crude enol ether as a mixture. The
obtained mixture was dissolved in ethyl acetate (30 ml), and a 6N
hydrochloric acid aguecus solution (6.0 ml) was addec thereto,
25 followed by stirring for one hour. The reaction mixture was
neutralized with the addition of a saturated sodium bicarbonate
aqueous solution, followed by extraction with chloroform. The
solvent was evaporated from the organic layer under reduced
pressure. The obtained residue was dissolved in TEF (15 ml) and
30 methanol (15 ml), and sodium borohydride (155 mg, 4.09 mmol) was
added thereto, followed by stirring at 0°C for 1 hour. After a
saturated ammcnium chloride aqueous solution was added to the
reaction mixture, water was added to the residue obtained by
concentration under reduced pressure. The precipitate was

35 collected by filtration, thereby obtaining N-(4-(2-



-55- 3.45 (m 4H), 3.61 (d, J = 13.0 Hz, 2H), 3.76-3.90 (m 8H), 4.32 (d,
J=7.3, 1H), 4.58 (t, J =7.3 Hz, 2H), 6.09 (dd, J = 3.8, 2.7, 1H), 6.34
(dd, J = 3.8, 1.4 Hz, 1H, 6.72 (dd, J = 2.7, 1.4 Hz, 1H), 6.85 (d, J = 8.9
Hz, 2H), 6.97 (d, J = 8.9 Hz, 2H), 7.27 5(s, 1H), 7.62 (s, 1H). [0213]
Exampl e 8(1) 4-(4- tert but oxycar bonyl am:nopi peri din-1-yl)-cinnamc acid
ethyl ester 104-fl uorobenzal dehyde (3? g, 0.30 nol) was dissolved in DMSO
(300 ni), ine (960 m
tert-but oxls% ng}e%ﬁiwﬁ%é%erl dltpﬁle]Q%%%qga,ar%ﬁgl%mo%g&eﬂgd%d thergto

f ol | oned b8/99$)t|a*3r|anghuhde$01tﬂefat at 120C for 12 hours. Tr| et hyI

phosphono e 33449, 50, ) sggdged t be 5 ure
further f tg%{d |rP| rgg&ﬂ)n e43¥1\gat§fg§ ftﬂg h?)u(r)éslf ter ?900

added to t;hIe ,re&a.d‘ta—ﬁnBEn xhurdd) ,ABt 88-2dtl i(mg €8) r ob AemBer dmurd]) .t he
preC|p|tat s coI ct y filtra an she h ter (300 ) and
hexane 5( 30 ﬁgfebgd%%t(a4 nlJIng é g’h (}H\S\a l? ﬁwl& Fe e ﬁ"’? 2n1
4-(4-tert ’HJL[Z@XN(%r khapyEmm nopi peridin-1-Y1)- 20 cinnam c acid ethyl ester
(110 g, 9%%§§ a white solid. 1H NVWR(CDC13): 5(ppm 1.32 (t, J = 7.1 Hz,
3H), 1. 43- 1§ (m 11H) 2.03-2.05 (m 2H), 2.90-2.96 (m 2H), 3.71-3.75
(m 3H), 4p24nd% 7\](53; .1 Hz, 21-i), 4.45 (brs, 1H), 6.26 (d, J = 16 Hz,
1H), 6.87 (d, J = Hz H) 741§ J:%.O Hz, 2I—}Q, 7"60'§d"d]‘:16
Hz, 251H) nbﬁ4ﬁ%¢p§ﬁ%pzy¢WQMl phenyl ) -4-benzyloxycarbonylaminopiperidine
4-(4-tgyt - but oxycar bf}{@/|W4QQQLH§£i&;y@thyylﬁyh&hmdmOCI nnam c acid ethyl
ester 30The 4-(4-tert-butoxycarbonyl am noP| peridin-1-y1)- cinnamc_acid

et hyl est ebettadexycagbary NGRS hdtns nl 1B38nEr e38°° (f@omlagbaﬁé%%ﬂ\}@d in
ethanol (1gllm %ﬂ@b %Q%\E’Qs nﬁés%ﬁea)lmﬁ%%@ (hoblawed oy stirring in a
hydrogen at nD ere for hours. The insol uble material was filtered with
Celite, an‘dOllk@a‘aUIltfpaVé @ﬁ@%@siee\ﬁﬁé@rm'ecﬁ PidBroL g dire didsicels sRPESLQ her eby

obtai ni ng éhéer ice—cooling, followed by stirring for 4 hours. Water was

15 added to the reaction mixture, and the precipitate was collected
by filtration, thereby obtaining N-(4-(2-tosyloxyethyl)phenyl)-4-
benzyloxycarbonylaminopiperidine (1.35 g, 68%) as a yellow solid.
'4-NMR (CDCls): & (ppm) 1.48-1.62 (m, 2H), 2.06 (d, J = 9.2 Hz,
2H), 2.43 (s, 3H), 2.78-2.89 (m, 4H), 3.52-3.65 (m, 3H), 4.15 (t,

20 J = 7.3, 24), 4.82 (br, 1H), 5.11 (s, 2H), 6.81 (d, J = 8.6 Hz,
2HY, 6.99 (@, J = 8.6 Hz, 2H), 7.29 (d, J = 8.4 Hz, 2H), 7.30~
7.38 (m, 5H), 7.71 (d, J = 8.4 Hz, 2H).

[0210]
Example 7(6)
25  N-(4-{2-(1,2,3-triazol-1-yl)-ethyl)-phenyl)-4-

benzyloxycarbonylaminopiperidine
1,2,3-triazole (3.4 ml, 58.6 mmol) was added to the N-

(4- {2-tosyloxyethyl)phenyl) -4-benzyloxycarbonylaminopiperidine

(3.0 g, 5.90 mmol) obtained in Example 7(3), followed by stirring
30 at 90°C for 2 hours. Methanol was added to the reaction mixture.

The mixture was refluxed under heat for 1 hour, and then allowed

to cool to room temperature. The precipitate was collected by

filtration, thereby obtaining N-(4-(2-(1,2,3-triazol-1-yl}~

ethyl) -phenyl) ~4-benzyloxycarbonylaminopiperidine (1.3 g, 54%} as
35 a white solid.



-56- tert-butoxycarbonyl am nopi peridin-1-yl)-di hydroci nnam ¢ aci d et hyl
ester (107 g, 85% as a white solid. 5 8.5 Hz, 2H), 7.08 (d, J = 8.5 Hz,
2H) [0215] Exanple 8 (3) N (4-(3-hydroxypropyl)phenyl)-4-tert- 10
but oxycar bonyl am nopi peri di ne The
4- (4-tert-but oxycarbonyl am nopi peri di n—E4yl1) - di hydroci nnam ¢ acid et hyl
ester (68 g, 0.18 nol) obtained in Exanple 8(2) was dissolved in toluene (1
L) and coolpdiMro (€B8LG) :Asdipsmbut. yoalluab num fapdri deehexane &ollﬂntBo}ﬂ:z(GO?
m, 0.6 nmol). 15 was ,added dr.opw se. te rring f thanol
(10 n) anttly X dEed sodiar @ﬁlfo?ﬁje ia&? dis ¥oT fﬁo?ﬁ‘ ('5§8kl
added, fol joged-hy 3ahiraisg for ;3=hougs.2ihhe 4i. 8solib) elHygt ar i al ¢ MﬁQH
filtered with Celite. The solvent was evaporated fromthe f||trate and t he
obt ai ned r@sftuewas=dP s$olzredin §e9%£%an70|= E580" 2Hnd /TRR- (250 W)
Sodi umgborQ@)ydr—; 48 (6,918y.0.18 nmol) was added thereto at 0C. After
stirring for hour, a saturated ammoni um chl ori de aqueous sol ution was
added theré@%ll]f ol | owned by extraction with chloroform and drying over
magnesi um g %r&ﬁt f)ter t he desiccant was filtered off, the solvent was 25
evapor at ed, reby obt ai ni ng N-(4-(3-hydroxypr opyI )phenyl) 4-
tert-but oxI\?taﬁlf-b@'r\,(llaﬁwao’grmqlmlne’lm@tl'gyl)mnyl —4-aminopiperidine
1H NVR( CDC13) : 5( ppm.4. 45(s.,9 21582 _ —42.02-2.05
(o 2 60-% earmy ;Lﬁ g& %159 90 2H - 82dn 89 - bM RN -4

10 benzyloxycarbonylamlnoplperldlne (1.3 g, 50 mmol) obtained in

Example 7 (6) was‘dissolved in methanol {13 ml} and THF {13 ml),

and 10% palladium-carbon (hereinafter referred to as Pd-C) {130
mg) was added, followed by stirring at room temperature in an
atmosphere of hydrogen gas for 24 hours. After the inscluble
15 material was filtered with Celite, the solvent was evaporated
from the filtrate under reduced pressure, thereby obtaining N-{(4-
(2-(1,2,3-triazol-1-yl)~ethyl) —-phenyl)-4-aminopiperidine (870 mg,
99%) as a white solid.
'H-NMR (DMSO}: &{ppm) 1.60-1.65 (m, 2H), 1.90-1.95 (m ,2H), 2.66-
20 2.75 (m, 2H), 3.00-3.20 {(m, 5H), 3.60-3.70 (m, 2H), 4.50-4.60 (m,
2H), 6.84 (d, J = 8.4 Hz, 2B), 7.01 (d, J = 8.4 Hz, 2H), 7.6> (s,
1H), 8.02 (s, 1H).
[0212]
Example 7
25 4= ( (1-methylpyrrol-2-yl)-carbonyl) -N-(1-(4-(2-(1,2,3-triazol-1-

yl) —ethyl)-phenyl) -piperidin-4-yl) -l-piperazinecarboxamide

(compound 7)

Following the procedure of Example 1(2), N-(4-(2-
(1,2,3-triazol-1-yl)-ethyl)-phenyl)-4-aminopiperidine was used
30 instead of 4~ (4-aminopiperidin-1-yl)-benzoic acid tert-butyl
ester, thereby obtaining 4-((l-methylpyrrol-2-yl)-carbonyl)-N-(1-
(4-{2-(1,2,3-triazol-1-yl)—-ethyl)-phenyl)-piperidin-4-yl)-1-
piperazinecarboxamide (46%) as a milky-white solid.
'H-NMR (CDCl3): & (ppm) 1.48-1.65 (m, 2H), 2.09 (d, J = 12.0 Hz,
35 2H), 2.86 (g, J =11.0 Hz, 2H), 3.12 (t, J = 7.0 Hz, 2H), 3.41-



2H), 3.48-3.66 (m5H), 4.48(brs,1H),6.87(d,J = 8.5 Hz, 2H), 7.08 30(d, J =
8.5 Hz, 2H) [0216] Exanple 8(4)

N- (4-(3-tosyl oxypropyl ) phenyl)-4-tertbut oxycar bonyl am nopi peri di ne

35Fol  owi ng the procedure of Exanple 7(5), N(4-(3- -57-

hydr oxypr opyl ) phenyl) -4-tert-but oxycarb rgxl am nopi peri di ne was used instead
of N-(4-(2-hydroxyethyl)phenyl)-4- benzgl oxycar bonyl am nopi peri di ne,

t hereby o | i Ng 4-43 _ -
t osyl oxyp%gdy%q)(%he%g) -%’-?ler(tq’bgt ox%/?(’:éor glozﬁyﬁg}ﬁ n%bp'iereBr'iggi N (BSHQ% .4'32
g'H)H Ng/R(()gDCELS)J =15( PppmHN,. 46 58s,(t91J 15 ,7.B &8, 1282, (mORHKd, 1J87-3.894 (m
, 2.02-2.05_(m 45 (s, ,3H),, 2 (twJ = 4, 6 H, -2H), 2.76-2.82

(m 2H), Feb a4l %;?54317:@‘31' 4].(623({3_? 1L tlﬁ&: "21-67": (ﬁf.aifj(Brzs',%’l 476, 81
(7d,79J(; 8.4z HzLH)2HF,. 86. 85, (U= 3.8 8z4 My, ZHP7 7d347 (=d,8.3 Hz8. ZH)Hz,7.2H),

. , 4, =8.2 , 10[ Q217] Exanpl e 8(5)
!\I—(4-(§- (1+2, Aﬂ-}&)rr‘gzégﬂsyl Hfgpropyl) - phenyl ) - 4-t er t but oxycar bonyl am nopi per
i)dl ne Thg[(j\g](ﬂ-(?)-tosyl oxypropyl ) phenyl)-4-tert- 15

ut oxycar bonyl am nopi peridine (330 ng, 0.68 mml) obtained in Exanple 8(4)
was di ssol &arale §(E‘? xed sol vent of acetonitrile (5

4- (4—-tert-butoxycarbonylaminopiperidin-1-yl) -cinnamic acid ethyl

ester

10 4-fluorobenzaldehyde (37 g, 0.30 mol) was dissolved in
DMSO (300 ml), and potassium carbonate (124 g, 0.89% mol) and 4-
tert-butoxycarbonylaminopiperidine (66 g, 0.33 mol) were added
thereto, followed by stirring under heat at 120°C for 12 hours.
Triethyl phosphonoacetate (134 g, 0.60 mol) was added to the

15 reaction mixture, further followed by stirring under heat for 2.5
hours. Water (900 ml) was added to the reaction mixture. After
cooling to room temperature, the precipitate was collected by
filtration and washed with water (300 ml) and hexane (300 ml),
thereby obtaining 4-(4-tert-butoxycarbonylaminopiperidin-1-yi)-

20 cinnamic acid ethyl ester (110 g, 99%) as a white solid.
YH-NMR (CDCl3) : &(ppm) 1.32 (£, J = 7.1 Hz, 3H), 1.43-1.54 (m, 11H),
2.03-2.05 (m, 2H), 2.90-2.96 (m, 2H), 3.71-3.75 (m, 3H), 4.24 (q,
J = 7.1 Hz, 2B), 4.45 (brs, 1H), 6.26 (d, J = 16 Hz, 1H), 6.87 (d,
J = 9.0 Hz, 2H), 7.41 (d, J = 9.0 Hz, 2H), 7.60 (d, J = 16 Hz,

25 1H)
[0214]
Example 8(2)

4- {4-tert-butoxycarbonylaminopiperidin-1-yl)~dihydrocinnamic acid

ethyl ester

30 The 4- (4-tert-butoxycarbonylaminopiperidin-1-yl)-
cinnamic acid ethyl ester (126 g, 0.33 mol) obtained in Example 8
{1} was dissolved in ethanol {1 L), and 10% Pd-C (48.5 g) was
added, followed by stirring in a hydrogen atmosphere for 18 hours.
The insoluble material was filtered with Celite, and the filtrate

35 was evaporated under reduced pressure, thereby obtaining 4-(4-



m) and DMF (5 M), and 1,2,4-triazole (54 ng, 0.81 mvol) and potassium
carbonate (187 ng, 1.35 mmpl) were added thereto, followed by stirring at
60C for 1 hour. After the reaction 20 m xture was cooled to room
tenperature, water was added thereto, and the precipitate was coll ected by
filtration, thereby obtaining

N-(4-(3-(1,2,4-triazol-1-yl)-propyl)- phenyl) 4-t ert but oxycar bonyl am nopi per

Idlne2(éiafg%ﬁk%éé%ﬁ?égiﬁﬁﬁ%ﬁﬁﬁégl%eé%ﬂgﬂ%FélﬂSdi df%cthaﬁléLm%ugl7gnE 8o

(m, 2H), 3e*eﬁf13e59e(:n11®ri)g, B5%5 @t ,a White, eond 2H), 4.94 (brs, 1H), 6.87

Egélé] :33 arrpl(gb_%](?’é) %?I%Q)(SI](Z? g lti‘fl azol_? Hf %% (Sl Zjé_l)l % G, (210

henyl) - 4- a310ﬁﬂﬁ OérlﬂjﬁE{ThQ 55-2.59 (m,2H), 2.77- 2 88 m, 4H) 3.53-3.57

l\taﬁf E) ox a ?aﬁé écbf é}e_proﬁy&% nylé) 64} ji’brrﬁfoI])H shfabfetlt 7 =

Exanpl e 8(®&)5 was QH;;so’vvml ich tJTi:fBu@rmze,c@H)c acid (5 m) at 35 0C,
followed by stirring at roomtenperature for 1 hour. The -58- reaction

m xture wa O?élxﬁdpor ated under reduced pressure, and the obtained residue was
~purified usifgired lgm pressure silica gel flash colum chronat ography (NH

silica gel, nethanol chlorofonu 1:9 thereby obt ai ni ng

N- (4- (3- (124 4= t3r-hs ) B0 BéAy| ) - 4- ami nopi peri dine (127 ny,
959 . tHH YR (2613035 (m 2H), 1.68.1.76 (m 4H),
1.99-2.06 2.50-2.70 (m, 3H), 3.53- 356(m

2H), 415 (1, 9 L e -42 rteb@@marponyémn%1p2mdlq BvYa J = 8.8
HZ, 2 EX 11 in
4-((1- nethyﬁg§ﬁ%ml%§%mﬁ? Ony ;Deéﬁgﬁ &Qﬂ 8t endl) obtained

rrol N-(1(4( 124tr|azol-1-
y1) - propyﬁx@i@mﬁ)QbIWI@lmﬂ?@) in-pipEngzil ebhr vk mivcded ’(i@oﬁﬁ)lgnd 8)
15F0||0m‘ng éf¥% %%?E ﬁgm.%ﬁ%ggbg %éégne gbﬁﬂtign (607 ml,
propy

(1,2,4-triazo am nopi peri di ne was used |ns)tead of
4- (4- ars napaqo&rdcwdndiegm)sé)enzﬁter adfiidrtiegt fb.utyw dstgrs, naeramd dbPai ni ng

(a (3 (1, PP i oPa 0AT e, PO BhEcSide srmsera soliyigp 4550 ™
were added, followed by stirring for 3 hours. The insoluble
material was filtered with Celite. The solvent was evaporated
from the filtrate, and the obtained residue was dissolved in

20 methanol (500 ml) and THF (250 ml). Sodium borohydride (6.9 g,
0.18 mol) was added thereto at 0°C. After stirring for 1 hour, a
saturated ammonium chloride agueous solution was added thereto,
followed by extraction with chloroform and drying over magnesium
sulfate. After the desiccant was filtered off, the solvent was

25 evaporated, thereby obtaining N-(4-(3-hydroxypropyl)phenyl)-4-
tert-butoxycarbonylaminopiperidine (60 g, 98%).

'H-NMR{CDCl3): & (ppm) 1.45 (s, SH), 1.50-1.61 {(m, 2H), 1.82-1.89

(m, 2H), 2.02-2.05 (m, 2H), 2.60-2.64 (m, 2H), 2.77-2.83 (m, 2H),

3.48-3.66 (m, 5H), 4.48 (brs, 1H), 6.87 (d, J = 8.5 Hz, 2H), 7.08
30 (d, J = 8.5 Hz, Z2H)

[0216]

Example 8(4)

N- (4- (3-tosyloxypropyl)phenyl) -4-tert-

butoxycarbonylaminopiperidine

35 Following the procedure of Example 7(5), N-(4-{3-



20 pi perazi necarboxam de (45% as a white solid. 1H NVR(CDC13): 5(ppm
1.53-1.57 (m 2H), 2.06-2.10 (m 2H), 2.18- 2.22 (m 2H), 2.54-2.57 (m
2H), 2.84-2.87 (m 21-1), 3.43-3.45 (m 41-1), 3.60-3.63 (m2H), 3.75-3.90
(m 8H), 4.12-4.16 (m 2H), 4.38 (brs, 1H), 6 10 (d J =3.0 H, 1H), 6.35
(s, 1H, 6 72 (s 11-1), 256.88 (d, J g8.4 7.04 (d, J = 8.4 Hz,
2H), 7.95 (s, 7.97 (s, 1H) [0220] Exarrple 9( 1)

N (4-(3-( 2 i}ﬁhﬁib?b%

am nopi pefllhg:ll Egﬁl&f& Axlhe 4pr%gléfé %%%Xy% B% le 8 S%Degﬁ%l%c()ar?pl e 8(6),
3, 5- di et hyded, le,szﬂ;eadl aﬁdﬁe AN S~ hsédoxmm’édlpbenilﬁ-% triazole, thereby
Obtalnlngsp%pz loxycaxb n¥} no di thereF O?Faln ng N - (3=

N-(4-(3-( &’r%itﬁyf Q aﬁmt PagoFJ_L IB pr opy 3/ f) 4- am nopi perldl ne
(52% as atcyﬁyjloecy@@bpgll ;ﬂ‘ﬁéﬂywweeaﬁiaguté@ppmpoﬂymmcﬁﬁpemdm (59%)

1.91-1.94 2 0 3 3
256 (£, Jl(H—m["*ﬂRE%PEE 2H)5 (oBRY 1L F653 %Hg 1.3 5% B ( % Vo §7fo99543
Ex7 2I Hz9 akj) ,216.,82. 09-2.J05 @, 7 2Hz, 21—05 &,08H(d, 2J5€ @; 7JHz= 726-{)1-12[,0221] 5
anpl e
4- ((1 - met Wy ra-d16=3- §2) (ardibny By SR ¢ 123 470 33018; 54 i ettty P17 2842 tHazol -
y1) - propyL)pphenyl) éewermﬁ nN-édsylygl-J Piger azi ngﬂfi{ b@%m (de §cormaund 9)
FoIIovmngthe roce ure of Exarrple 1(2 (4(3(
di net hy1- 13% i dz@R- 1dy 1y “popyfy- pil@rryf) 18- A n%pl r?erzl §Zne?fhas used
i nst eag) of 74] am nopi peridin-1-yl)-benzoic acid tertbutyl ester, thereby
obt ai ni ng 4 ((1 nmet hyl pyrrol - 2-y1) -
car bonyl) -Bequei4 8((3J (3, 5-dinet hyl -1, 2, 4-tri azol - 1-y1) - propyl) -
ggleimél) ; glrge(zﬁizgdj" éﬁ ¥1)= &;ﬁ—;ﬂﬁ 421, ReCar HAMen( 45 @asan 15 amor phous
. gutox§carbonylamlnoplperldlne

The N-{4-{3-tosyloxypropyl)phenyl}-4-tert-

15 butoxycarbonylaminopiperidine (330 mg, 0.68 mmol) obtained in
Example 8(4) was dissolved in a mixed solvent of acetonitrile {5
ml) and DMF (5 ml), and 1,2,4-triazole (54 mg, 0.81 mmol) and
potassium carbonate (187 mg, 1.35 mmol) were added thereto,
followed by stirring at 60°C for 1 hour. After the reaction

20 mixture was coocled to room temperature, water was added thereto,
and the precipitate was collected by filtration, thereby
obtaining N-(4-{3-(1,2,4-triazol-1-yl)-propyl)-phenyl)-4-tert-
butoxycarbonylaminopiperidine (192 mg, 74%).
'H-NMR (CDCls) : d{ppm) 1.45 (s, 9 H), 1.51-1.61 (m, 2H), 2.01-2.04

25 (m, 2H), 2.15-2.23 (m, 2H), 2.52-2.57 {(m, 2H), 2.77-2.82 (m ,2H),
3.56-3.59 (m, 3H), 4.15 (t, J = 7.0 Hz, 2H), 4.%4 (brs, 1H), 6.87
(d, J = 8.5 Hz, 2H), 7.04 (4, J = 8.5 Hz, 2H), 7.93 (s, 1H), 8.04
(s, 1H)}
[0218]

30 Example B8(6)
N-{4-(3-(1,2,4-triazol-1-yl)-propyl) -phenyl)-4-aminopiperidine

The N-(4-(3-(1,2,4~-triazol-1-yl)-propyl)-phenyl)-4-
tert-butoxycarbonylaminopiperidine (180 mg, 0.47 mmol) obtained
in Example 8(5) was dissolved in triflucroacetic acid (5 ml) at

35 0°C, followed by stirring at room temperature for 1 hour. The



N-(4-(3-(1,2,3-triazol -1-yl)-propyl)-phenyl)-4-tert- 25

but oxycar bonyl am nopi peri di ne Fol | ow ng the procedure of Exanple
8(5), 1,2,3-triazole was used instead of 1,2,4-triazole, thereby obtaining
N—(4-(3-

(1,2,3-triazol -1-yl1)-propyl)-phenYl)- 4_t5 rt but oxycar bonyl am nopi peri di ne
(33% as a white solid. 301H NVR(CDC13): 6(ppm 1.46 (s, 9H), 1.51-1.57 (m
2H), 2.03- J?ea@@lo(q”lnlgﬂ)me ZyalB e%a%@réif@d 2Udber2r8duddd presshréd, Hind 2k,
279284(m 2H) , 6 (t 2H), 4.48 (brs, 1H),, 6.88 (d, J =
8.3 Hz, 2Hbtaineg (69519u& ‘@SBPHZlfQ‘F-‘I)‘ usingomediunpyrespure ééll%)ge[lozzs] 35
Exanpl e 1 hromat hy. (NH sili 1, methanol:chloroform =
N-(4-(3- (1b§£§1 tcrgl gliﬁ?)lc rom OgrS‘ByX) phesr%L l)c-a4g§1m nntl)epl Sgﬁ d::neC>ro orm

Fol | owi ng lifé,prtb@eabyeol@ﬁa@d@mpl\]e 8¢ 63~ (IN2( 4-tBiazol-1-yl) -propyl) -

(1, 2, 3- tr| -yl yI r tjaut oxycar bonyl am nopi peri di ne
was used i se%eyé 4 gﬁgég&%@r&%}g@ i%ﬁ nﬁge ‘934 ;

triazol -1- J31*1:1.—)~IMBr(E:M)S»Cl_adcsp)heﬁy]gbf)mmJIélﬁt-bui35)x§ltt,ar21irkfbmyIl(;lfri?ﬂfb{ﬂEi)e(Irﬂlrdlflhiia.-, t her eby

(835 s an SIT2-06iy *ﬂ@éb&%ﬁ 3% By P02 SERTR ey S oB o

2H), 2.18-2.926 mzal 13.12.67 (t= 3.6 fH,52H1, BHp4 ed?z;% 848 (g, 3H),

7006 (d, 3148 oy ~oty? Hdhis T1 5 3685 (FoB Baample 10

4- ((1-et hydpyar ol - 2- yl) car bonyl) N-(1-(4-(3-(1, 2, 3-tri azol -1- 15

y1l) - propyl) - phenyl) - pi peri di n-4-Y1) - 1- pi perazi necar boxam de (conpound 10)
Fol | owi ng ¥FEEofedure of Exanple 1(2), N (4-(3-

(1,2,3- t“@ZPJ1—%eltilagzw{@@cyﬂ-)zm@ﬂbﬁb}bén@nﬂ—lwmlpem@3“@1,\&6181 ~ysedzonst-ead of
4- (4- am nopi pert cu n-I-yI)- Den20| C acrd tert-butyl 20, ester, thereby

obt ai ni ng 4 ((PEOR pETLdeniT 4 )rﬂwg;p¢raz1necarboxam1de
(4-(3-(1, 2 éoz@%du@léobjl y1) propyl) phenyl) pi peridin-4-y1)- 1-
pi perazin (42%

as a white solid. 1H NVR(CDC13)
1.56- 1.0 (m 2H), Eoblzovzlrrgot(nm ppefedirep gt @xgmp%eml(zml) Nz 8 %

Hz, 2H), (f*%}%;%%lggblztﬂyl ﬁ%%pyl }-phenyl)~4-aminopiperidine was used
instead of 4- (4-aminopiperidin-1l-yl)-benzoic acid tert-butyl
ester, thereby obtaining 4-((l-methylpyrrol-2-yl)-carbonyl)-N-(1-
(4-(3-(1,2,4-triazol-1-yl)-propyl)~phenyl)-piperidin-4-yl)-1-

20 piperazinecarboxamide (45%) as a white solid.
'H-NMR (CDC13) : &(ppm) 1.53-1.57 (m, 2H), 2.06-2.10 {m, 2H), 2.18-
2.22 (m, 2H), 2.54-2.57 (m, 2H), 2.84-2.87 (m, 2H), 3.43-3.45 (m,
4H), 3.60-3.63 (m,2H), 3.75-3.90 {m, 8H), 4.12-4.16 (m, 2H), 4.38
(brs, 1H), 6.10 (d, J = 3.0 Hz, 1iH), 6.35 {(s, 1lH), 6.72 (s, 1H),
25 6.88 (d, J = 8.4 Hz, 2H), 7.04 (d, J = 8.4 Hz, 2H), 7.95 (s, 1lH),

7.97 (s, 1H)
[0220]
Example 9(1)

N-(4-{3-(3,5-dimethyl-1,2,4-triazol-1-yl)~propyl)—phenyl)-4-

30 aminopiperidine

Following the procedures of Example 8(5) and Example
8(6), 3,5-dimethyl-1,2,4-triazole was used instead of 1,2,4-
triazole, thereby obtaining N-(4-(3-(3,5-dimethyl-1,2,4-triazol~
1-y1l) -propyl) -phenyl) -4-aminopiperidine (52%) as a white solid.
35 H-NMR(CDCl3): &(ppm) 1.45-1.57 (m, 4H), 1.91-1.94 (m, 2H), 2.09-



25 3.45 (m 4H), 3.59-3.62 (m 2H), 3.77-3.80 (m 8H), 4.34-4.39 (m 3H),
6.09-6.10 (m 1H), 6.34-6.35 (m 1H), 6.72 (s, 1H), 6.88 (d, J = 8.5 Hz,
2H), 7.06 (d, J = 8.5 Hz, 2H), 7.51 (s, 1H), 7.71 (s, 1H) [0225] 30 Exanple
11( 1) 4- (4-tert-butoxycarbonyl am nopi peridi n-1-yl)-cinnamc acid

The 4-(4-tert-butoxycarbonYlam nopi peri n 1-y1)- cinnamc acid ethyl ester
(2 749, 7.2 mml) obtained in Exanple 8 ) vvas di ssol ved in ethanol (40

and di y H}hygr:%'(% %E o bHL on 433 & my) =wass agded

thereto re’ vas’ 6 re fux unde eat for 12 hours. The
reaction n’ili()t,urQe'f'Wa@ gbolred 30, raoﬁ&?fbrﬁieramuﬁlé) ahdWdtter J(40/ M Hzwas

added t her%ﬁ?d t%g%p?}g %I e g neugf_'l{a’I Ief:t%edwg 10% Gl tyic, ﬁﬁl d aqueous

sol ution e WA €0 |Itrat|oﬁ ereby 5
obt ai ni ng deXA-ltert - but oxycar bonyl am nopi peri d| n-l-yl)-cinnamc acid (1.9

g, 77%_as_a solid. 10 [0226] Exanple 11(2)

(3-(4- @4 t%ﬁ% gxycar bonyl am nopi peri di n-1-Y1) - phenyl) - 1- oxo- 2-
propen- 1- y4) ¢ mpiiehel i perrd bThe1) —carbonyl) -N- (1- (4-(3- (3, 5-dimethyl-
4-(4-tert-bul oxycarbony am nopi perl d| n-1-yi)- ci nnam acid (870 ng, 2.5
mrol ) obt | oY TTPRPPYa S ISRV Bd P Fdidrethy| acet ani de

(hereinaftgy éﬁﬁhg@grg&%wkoﬁl 5urr{@)9 and HCBt (42 ng, 2.8 mmol ), WSCD
(530 ny, Z§‘8&r‘rﬁb‘l—)——h_r7 mor phol T ne (ZZI% 2 wer e added t heret %
fol l owed 20 by stirFphtPnBohef BFOQ$%P§ EA@%%@ clodlli-n§ £ 6~ Fooimr 2~
tenpergf Ur(g@m%@fﬁ was 4 added, 3101t he ) 0, X 54018 ~pRBAy A es-RiBGIoRl bak e was

coIIected trafion, thereby obtai ning

(3 (4-(4-tens bwte@ixyﬁat@@@ytbﬁrﬁﬂépﬁ@éﬂ@@ﬁpﬁﬂlﬁy@)ﬂpﬁbhﬂgmﬂé’xéCQdpﬁfﬁfﬁen 1-Y1
- nmor phol | ( 0] dyd. anple 11(3)
(3 (4- (4 @%Glp%%’gre?glFl %r@bf%b%a‘ﬁ@ﬁ& 2 ('1 egrﬁgiggﬁdly%a@mr phol i ne

Fol | owi ng d:énequddeliur(é—m ES«a(rﬁnSeng@@ghyl 1 2,4-triazol-1- yl)—propyl)

55" ror pHOTTRY VACCGLaR T Aol dad BRSNS (il g e
15 amorphous solid.
'H-NMR (CDCl3) : & (ppm) 1.56-1.65 (m, 2H), 2.09-2.17 (m, 4H), 2.30
(s, 3H), 2.32 (s, 3H), 2.56 (t, J = 7.4 Hz, 2H), 2.82-2.88 (m,
2H), 3.42-3.45 (m ,4H), 3.58-3.62 (m, 2H), 3.77-3.90 (m ,8H),
3.95 (¢, J = 7.0 Hz, 2H), 4.35 (d, J = 7.3 Hz, 1H}), 6.09-6.10 {(m,
20 1H), 6.34 (d, J = 3.9 Hz, 1E), 6.72 (s, 1H), 6.87 (d, J = 8.5 Hz,
2H)y, 7.05 (d, J = 8.5 Hz, ZH)
[0222]
Example 10(1)
N-(4-(3-(1,2,3-triazol-1-yl)-propyl)-phenyl) -4d-tert-

25 butoxycarbonylaminopiperidine

Following the procedure of Example 8(5), 1,2,3-triazole

was used instead of 1,2,4-triazole, thereby obtaining N-(4-(3-
(1,2,3-triazol-1-yl)-propyl)-phenyl)-4-tert-
butoxycarbonylaminopiperidine (33%) as a white solid.

30 ‘H-NMR{CDCl3): &(ppm} 1.46 (s, 9H), 1.51-1.57 (m, 2H}, 2.03-2.06
(m, 2H}, 2.18-2.26 (m ,2H), 2.57 (t, § = 7.4 Hz, 2H), 2.79-2.84
(m, 2H), 4.36 {(t, J =7. 1 Hz, 2H), 4.48 (brs, 1lH), 6.88 (d, J =
8.3 Hz, 2H), 7.06 (d, J = 8.3 Hz, 2H), 7.50 (s, 1H), 7.71 (s, 1H)
[0223]

35 Example 10(Z2)



-62- propyl)-phenyl)-4-tert-but oxycarbonyl am nopi peridine, thereby
~obtaining (3-(4-(4-am nopiperidin-I-yl)-phenyl)-1-oxo-2-propen-1-
yl)-norpholine (68% as an oil. 1H NMR(CDC13): 5(ppm 1.43-1.53 (m 2H),
1.69 (brs, 2H), 1.92-1.95 5 (m 2H), 2.83-2.92 (m 3H), 3.71-3.77 (m
I%SH) ,216.1§56 (7dé4J(; 1?.3 Tg,sll-i), 6. 87 LgB_J = 8.7 Hz, 2H), 7.42 (d, J = 8.7
_ : -1), 7. : = .3 Hz, 1H) [0228] Exanple 11 10
4‘((1‘n9tH%J@yﬂ@Qk1?2Xﬁ)fﬁ%@é@@Q¥1}1f¢ﬁ£Bp@éj4§héﬁ¥1¥uﬂ4aﬂﬂn3piperidine
(ﬁ;)pr open-t=vi)- E”Ieﬂr”l@&ﬂ{ =pi pﬁréilal Ig@;}ﬁ)gﬁ)? I-piper az]:?n%c(g; bo%fa[rﬁl( d(_e3 (compound
) _ o 0 Vg BhE&Npr CoPT Ba 2y U3L{4v(4-
am nopi per jdin-1:y1) > phenyh) - 1 £ A=) -yd)+1or phol i ne was 15 used
i nst ead of{ 4- (’E- am n%pl pelyryi]i i%—rﬁégi))z-];g{eeg%i)cha%’%dt tert-butyl ester, thereby
?Zt ((au?) ni ng k;;]utl(c_(ﬁdycacebbwmm;»@eylgumrvmya,saﬁdN‘qus;tead of N-(4-(3-(1,2,4~
4- (3- nor phol i no- 3- oxppr open- |- - phe +pi peridin-4-y1)-1-
pi per azi necarfs arsli'i ng(%fg’éﬁ&spééé%??efso itd. 1H NVR( CD>C/:1%3):
g( ggn)?, 1Aj7bxﬂtos<é?{céﬁboﬁﬁiérbino@i@ér2dme { mhezpy @beBini2ER N9g4{ (- PH)Z, 3-
"1H), 6.33- qﬁ%@ﬁﬁ”gﬁﬁ?ﬁ% 3 )((8’, e§§: i%-.‘%fi%?giﬁﬁz?@ﬁ%?’%g?%aqﬁ%q? ('g]. 88
fgézg] :2§-J$EI;§KIR| §¢bbic;2137.:48 (bm)) 1= 48-8. bz, (2H)M4H) 7. 6490€l. W <ml528) Hz, 1H)
4- (( 1- et Fd By-g6- 3y 138 )ardodly 17+ N (1-14- (5 ndfpnot 112834 (31
oxopr apy 1) 3 pheny k- @mFem)d,l nr.47y Yt ; 15 pk peraziznecsy poxae del, (cenpoumd, 12)
The 4-((1-nethylpyrrol- 2-)/1% -car bonggl) -N-(1- (S4- i3- 3_?
mor phol i no2i-oxobopen-4-318-4pheny 2§ pi petd dtn- HYyn) 1470 (s, 1H)
G Ssor ved 0T (20 1) and methanol (5 ni). and 10% Pa-C (39 m)
, an 0 - was
added ther@%mpﬁeollloovxled by stirring in a hydrogen atnosphere forn!i)z hour s.
At . the Ansol yplg HBLELAlo WAS B3 bohferad (i ih-Cel il e, Sheikiblrate vas
I I I U
15 yl)—propyl)—phenyl}—piperidin—4-yl)—l—piperazinecarboxamide

{compound 10)

Following the procedure of Example 1(2), N-(4-(3-
(1,2,3-triazol-1-yl)-propyl)-phenyl)-4-aminopiperidine was used
instead of 4-(4-aminopiperidin-1-yl)-benzeoic acid tert-butyl

20 ester, thereby obtaining 4-{( (1-methyipyrrol-2-yl)-carbonyl)-N-(1-
(4—(3—(l,2,3—triazol-1—yl)—propyl)—phenyl};piperidin—4-yl)—l—
piperazinecarboxamide (42%) as a white solid.
1H-NMR {CDCl3): &{ppm} 1.56-1.60 (m, 2H), 2.07-2.10 (m, 2H), 2.20-
2.24 (m, 2H), 2.58 (t, J = 7.1 Hz, 2H), 2.83-2.89 (m, 2H), 3.42-

25  3.45 (m, 4H), 3.59-3.62 (m, 2H), 3.77-3.80 (m, 8H), 4.34-4.39 {m,
3H), 6.09-6.10 {(m, 1H), 6.34-6.35 (m, 1H), 6.72 (s, 1H), 6.88 (d,
J = 8.5 Hz, 2H), 7.06 (d, J = 8.5 Hz, 2H), 7.51 (s, 1H), 7.71 (s,
1H)

[0225]
30 Example 11(1)

4—(4—tert~butoxycarbonylaminopiperidin-l—yl)—cinnamic acid

The 4-(4-tert-butoxycarbonylaminopiperidin-l-yi)-
cinnamic acid ethyl ester (2.7 g, 7.2 mmol) obtained in Example
8(1) was dissolved in ethanol (40 ml), and a 4M sodium hydroxide

35 aqueous solution (3.6 ml) was added thereto. The mixture was



-63- pressure, thereby obtaining

4- ((1-met hyl pyrrol -2-y1)-carbonyl) - N( 1- (4-(3-nor phol i no- 3- oxopr opyl) - phenyl
)-pi peridin-4-yl)-1- piperazi necarboxam de (84 ng, 84% as a white solid.
1H NVMR(CDC13): 5(ppn) 1.53-1.59 (m 2H), 2.05-2.07 (m 2H), 2.55- 52.59 (m
2H), 2.83-2.92 (m 4H), 3.33-3. 51 (m 8cH), 3.59-3.62 (R 61-1), 3.77-3.86
(m8H) 4.33 (d, J = 7.3 Hz, g(dd J =25 3.7 H, 1H), 6.34
(dd, J = 7 e BBF 168 mdxtul SakZ codHd
TR 3—:<Z_f181§<eé tl'ﬁd%ﬂ"'ﬁeiatﬁ f%l: % %(%EHBP 'Ifﬂe %

6- (4- am nop? p@qrrdﬁcr:tmpeydi?w&)otamdi vagei d 4@[ Iﬁ?}l ¥8$ e3dded thereto. The

6- chl or oni cot i te j ) i in DVF
(30 m), anc e;%eagggu%gg%&étﬁe %51(1171]7@0 Cq§§%é gﬁ)& a %ugméﬁg%?ﬁg%rl di ne
(2.76 g, 2&nhdntle) pwer e acked mta}seceﬂbec’rleﬁifnm If@ﬂaeuatblwrst itheiragvat 80C for 3

h d 10QC f h Af h
O e e e T e AR

acetate. Theidr@ani g,layser ase s washedswi itch vvater and sat urat ed sodi um

chl oride, and then dri r_anh u er t desi ccant
20 was fil terdg! BFo- Cﬁe g@?f@nﬁ égsge%\p ’at ﬁiaﬁg ]eAfL?f:eal p? sur e,
t her eby obg agminge6-f4- 2m hanizpesi dsnih, YiH) m eovsms C7acing eﬁmyl 6est gd, (4. 17

. 739 e b | JHNWR (CDCL3
Va6 (1, "= b siyl) 65 260, (W 200 (374 13 (28rnH ST S

—71|dz =25@?j-|)m43g§447(m 2H), 6.60 (dd, J 9.1, 0.6 Hz, 111) 7.99
(dd, J = 9. , 1H), 8.79 (dd, J = 2.4, 06Hz 1H) [0231] Exanple
13(2) 6- (4£Q22€(](1 rret hyl pyrrol -2-y1)-carbonyl)-1- 30

pi perazi neg rg) 95 peridin-l-yl)-nicotinic acid ethyl ester

Fol | owi ng the "proce ure of Exanple 1(2), 6-(4-

ani nopi per i 8 A (-4Vrt§3ﬁtcb@t@m@%oﬂyae@mwoﬁéﬁeérldmﬂT&Hd’ﬁh@ﬂy&)aﬁthPXO 2-

4-(4-am noﬁr&ﬁéﬂ—‘i‘-@l}—%&}p@&rﬁ% c acid tert-butyl ester,

15 The 4-(4-tert-butoxycarbonylaminopiperidin-1-yl)-

cinnamic acid (870 mg, 2.5 mmol) obtained in Example 11(1l) was
dissolved in N,N-dimethylacetamide (hereinafter referred to as
DMA) (15 ml), and HOBt (423 mg, 2.8 mmol), WSCD (530 mg, 2.8
mmol), morpholine (241 mg, 2.8 mmol) were added thereto, followed

20 by stirring at 80°C for 16 hours. After cooling to room
temperature, water was added to the mixture, and the precipitate
was collected by filtration, thereby obtaining (3-(4-(4-tert-
butoxycarbonylamincpiperidin-1-yl)-phenyl)-1-oxo-2-propen-1-yl) -
morpholine (836 mg, 80%) as a white solid.

25 H-NMR(CDCl3): B(ppm) 1.45 (s, 9H), 1.49-1.55 (m, 2H), 2.03-2.06
(m, 2H), 2.88-2.95 (m, 2H), 3.72 (brs, 11H), 4.47 (brs, 1H), 6.66
(d, J = 15.4 Hz, 1H), 6.87 (d, J = 8.8 Hz, 2H), 7.41 {(d, J = 8.8
Hz, 2H), 7.64 (d, J = 15.4 Hz, 1H)
102271

30 Example 11(3)
(3— (4- (4—aminopiperidin=-1-yl) -phenyl) -1l-oxo-2-propen-1-yl)-

morpholine
Following the procedure of Example 8(6), (3-(4-(4-tert-
butoxycarbonylaminopiperidin—1—yl}—phenyl)—l—oxo—Z—propgn—l—yi)—
35 morpholine was used instead of N-(4-(3-(1,2,4-triazol-1-yl)-



t hereby obtaining 6-(4-(4-((!-methylpyrrol-2-yl)-carbonyl)-1- 35

pi per azi necar banoyl ) pi peri di n4-yl)-nicotinic acid ethyl ester -64- (61%

as a mlky-white solid. 1HNVE (CDC13): 5 (ppm) 1.27-1.50 (m 2H), 1.36 (t,

7.1 Hz, 3H), 1.97-2.18 (m 2H), 3.00-3.17 (m 2H), 3.31-3.48 (m 4H),

5-3.85 (m 4H), 3.79 (s, 3H), 3.87-4,86 (m 1H), 4.33 (g, J =5 7.1 Hz,
428452(m2H) 6.06-6.15 (m 1H), 6.29-6.40 (m 1H), 6.61 (d, J =

A Ltlkﬁro§§ﬁié§§eﬁéxfrﬂ Eﬁﬂkrbgtgﬂyéékbon%lam@n&blﬁéﬁhdﬂﬁe,1tﬁeréby79 (d, J

(4- (4- ((qumwgpwrbﬁn&mm@amwmmﬂ ~Hil pePReHdcdrBERDy 1§oPen—1-
pi peridin i i d o nd 13) The
b (a- (4- (LTI Egi 7o F o ERpenty. 1
pi per azi nedaBAGYTYpi: pér bHith-1-481)- ABc 67 MY radi-§%etpRA, edber 1¢934 #y, 0.5
mol ) @bt ai phe n 3(.2) S dn et l(41. 5 nd
THE' (1}3 H? %Hgﬁd%ég]ﬁ/%g%%lﬁﬁ] ﬁggf Oglﬁ’i@agﬁeoﬁs %@?ut :763%‘3( 1é4 %1 1)5 g
rrm)l) was Ia:d,de'!di t,hér&¥o(df of I-oWed By, stH)rring2atcr obm tBGHpéIIZat%IrI)e f70t645
hours. The,r Z:F qg ?1 Lurg, was neutralized with 2M aqueous hydrochloric
aci d, follt(.)% r ‘tlo wi t h net hanol : chl oroform (1:9). The organic
| ayer was E(Gmm]shed w th water and saturated sodiumchloride, and then
dried over_anhydrquys sodium sulfate. After the desiccant was filtered off,
the sol venf® Sevapor at ed under reduced pressure, thereby obtaining
6- (4- 04r((4=(nﬂimﬂtnynppfré&aakhﬂqabbemgﬂgl:PN~ (1- (4- (3-morpholino-3-
pi per azi necar banoyI) - p| per i di n-1 -Yl)-nl cotd ni ?m d 90% as g 2 25
m | ky VVhl t noﬁcoc" YE ' r ._ ,v,. p 2 \__.. X n.. 21 (m
2H), 3. 00- Boddoduia 2H) 332353(m 4H) , 365387(m 4H) , 379(s 3H),
3.90-4.11 Tm IH), 4.30-4.55 ,606613@& ‘(%630639(m1|_|)
6 63 (d J = 9.2 HFollgwirg eaP?%C%@ﬁf?uqF Exempa & & %24 W
= en—-1-yl)-morpholine was
11550 et g 1) Bl X7
nnrphdﬁinyt@@ﬁtﬂﬂﬁﬂéﬁ@y@fdﬂTﬂ4rav@popﬂp%¥1 W ybgozoly acid tert butyl

p'peraz'neggﬁgﬂfqgkgngCS%%gﬁﬂyﬁglﬂl wmethylpyrrol Z2=yl)—~carbonyl)-N-
(4- (3-morpholino-3-oxopropen-1-yl) -phenyl) -piperidin-4-yl)-1-

J =
3.6
2H) ,
9.0
= 2.
6-

piperazinecarboxamide (64%) as a white solid.
'H-NMR (CDC15) : &{ppm}1.47-1.57 (m, 2H), 2.07-2.10 (m, 2H), 2.93-
20 2.98 (m, 2H), 3.42-3.44 (m, 4H), 3.72-3.90 (m, 18H), 4.30-4.32 (m,
14), 6.09-6.10 (m, 1H), 6.33-6.35 (m, 1H), 6.66 (d, J = 15.ZHz,
14), 6.71-6.72 (m, 1H), 6.88 (d, J = 8.8 Hz, 2H}, 7.42 (d, J =
8.8 Hz, 2H), 7.64 (d, J = 15.2 Hz, 1H)
[0229]
25 Example 12
4-{ (1-methylpyrrol-2-yl) —carbonyl) -N- (1- (4- {(3-morpholino-3-

I

oxopropyl) -phenyl) —piperidin-4-yl) -1-piperazinecarboxamide

(compound 12)
The 4-({(l-methylpyrrol-2-yl}-carbonyl)-N-(1-(4-(3-

30 morpholino-3-oxopropen-1-yl)-phenyl)-piperidin-4-yl)-1-
piperazinecarboxamide (100 mg, 0.19 mmol) obtained in Exampie 11
was dissolved in THF (20 ml) and methanol (5 ml), and 10% Pd-C
(39 mg) was added thereto, followed by stirring in a hydrogen
atmosphere for 12 hours. After the insoluble material was

35 filtered with Celite, the filtrate was evaporated under reduced



- 65- The 6-(4-(4-((1-methyl pyrrol-2-yl)-carbonyl)-1-

pi per azi necar banoyl) - pi peridin-l-yl)-nicotinic acid (132 ng, 0.3 mmol)
obtained in Exanple 13 was dissolved in DMF (2.0 m), and WBCD (69 ngy, 0.36
mmol ), HOBt (51 ng, 0.33 mmol), and norpholine 5(0.04 m, 0.45 mmol) were
added thereto, followed by stirring unggé_heat at 60C for 16 hours. After
cooling to roomtenperature, water was ded to the reaction m xture,

foll owed by extractipn w ._acget at-e. r i &_lAayerL was,washed
W th mateﬁ%ﬁﬁﬁuggfu%gfﬁéﬁigﬁﬁ%ﬁ¥% ?d%i é}ngngg%ﬁ%n grgégagv%? 103§%h§drous
sodi um sul {iat @ - (AFherphdEi ritesSi-ogapntomgs) -fohkengt pdpafdridimedrgsl due obt ai ned
by evaporatjon under reduced pressure was purifjed usj medi um pressure
silica gelP¥HAF LSFARRCHT ﬂggrg%hf%%ﬁeéﬁaﬁoVb%ﬁﬁ(ﬁéﬁ%gfnl: 1:50 to
1:15%,lFhéﬁenwgmbp?ighngéﬁpmél}n?%hprymgohHﬂqyy)OBazbmhyﬁm-BHQl-ZEB%ﬂw 55
nmor phol i nyl car bonyl ) pyri di n-2-y1) - pi i din:-4- -1- pLperazj necar bgxam de
(24% &s & mi kKywhit e go??ﬂ?'%(mﬂﬂgﬁgﬁég_%%ﬁpé% %@2?%’% ?mggzﬁiﬁ",
1) 3,70 08, S e e T S 0nTh de im0 6 30 6 a2 (1

, 3. S, . 4.26-4. m , 6.04-6. m .. 6.30- m
1H), 206. 6% F(d,B-S'P Hzg di}y 6.839) (dg, E%-%.lrgf(%-"fﬂﬂér, Higo 6(-3&,‘83%: b9, 2.1
Hz, 1H), 8126 (dg7d (7,251 Hr.s ) BAP34].1fxampl 8 15619 uz, 2m)
4- (4- phenoxycar bonyl am nopi peridin-1-yl)-benzoic acid tert-butyl 25 ester
Phenyl chl o¥bfdrmate (7.83 g, 50.0 mmol) was dissolved in acetonitrile (100
m), d t the 4-(4- am nopiperidin-l-yl)-benzoic acid
tert-ggky?E%éﬁé%é ??éggz g, 50.0 nmmol ) obtained in Exanple 1(1) in
acet oni t ri ée({Shimopipadi®vir 30(501iabYimes asddedtdy bpwdts under
ice-cooling. Triethyl amne (7. 0.0t . ) a hesetq.JAfter
stirring at the sané ?@%%%%%fﬁgég¥8r§gﬂﬁ§%¥§? ﬁg?%ﬁ ggggagﬂeggthéggto, and
the preci pidatdissadvedl Leche BP fillt rand gotashenmbyadiraite ng. 47 (- 35

phenoxycar fomyl ARNPLESLL ARl calhl- Benzols 91 fubef tidi Yadeh! ehe RS- ©

15 followed by stirring at 80°C for 3 hours and at 100°C for 1 hour.

After the reaction mixture was cooled to room temperature, water
was added thereto, followed by extraction with ethyl acetate. The
organic layer was washed with water and saturated sodium chloride,
and then dried over anhydrous sodium sulfate. After the desiccant
20 was filtered off, the solvent was evaporated under reduced
pressure, thereby obtaining 6-(4-aminopiperidin-l-yl)nicotinic
acid ethyl ester (4.17 g, 73%) as a pale brown oil.
IH-NMR {(CDCl3): & (ppm) 1.20-1.65 (m, 4H), 1.36 (t, J = 7.1 Hz,
3H), 1.83-2.00 (m, 2H), 2.84-3.15 (m, 3H), 4.33 (g, J = 7.1 Hz,
25 2H), 4.23-4.47 (m, 2H), 6.60 (ad, J = 9.1, 0.6 Hz, 1iH), 7.99 (dd,
J = 9.1, 2.4 Hz, 1H), 8.79 (dd, J = 2.4, 0.6 Hz, 1H}
[0231]
Example 13(2)
6—(4-(4- ( {1-methylpyrrol-2-yl}-carbonyl)—-1-

30 piperazinecarbamoyl)piperidin-i-yl)-nicotinic acid ethyl ester

Following the procedure of Example 1(2), 6-(4-
aminopiperidin-l-yl)nicotinic acid ethyl ester was used instead
of 4-(4-aminopiperidin-1-yl)-benzoic acid tert-butyl ester,
thereby obtaining 6= (4- (4= { (1-methylpyrrol-2-yl)-carbonyl)-1-

35 piperazinecarbamoyl)piperidin-1-yl)-nicotinic acid ethyl ester



uggd E|22e_nox_yca{ Eonyl a[n' nopi peri di Folzy]l) -benzoic acid tert-butyl ester was
isin e next reaction. 35] Exanple 15(2) 5
gm(fif'g(eft bgntzy: oxyfar bony1l) - 1- pi p_?_[]azi necar banoyl ) pi peri di n-1yl)-benzoic
utyl ester e
?1g4sgheno§gcgrbonrganLnoplpgrldln | -yl}abenzoic acid tert-butyl ester
g nmo obt ai ned i n Exanple 15(1) was dissolved in

acet on| tr| I %ég}g?ség)n:lclgﬂydgh%téos&qr%yl o>7<ycar bonyl p| pera2| ne (7.71 g, 35.0
undec ene mo)l ). wer e added

ther eto uﬁdeNMRcéCQ?doDFn@ (Bt éw%a ~by>G&t My ?Hﬁya% ?%o(ﬁﬁft dnpefat dt%e for 19

11 trati onfenar a7 o6t al i ey A (o023 (h2Ry 203 pilal @aua, cm,ected by

15( <(1I4t betnz:yl@xﬁcabb(mylﬁ)ﬂ 1- Bi-pér é.%l ndtar Bafidy4) P peti difh-1 4y33 - (BbedzBi ¢

gc'(pp P Eﬁlﬁi 45 %2, %3/()%@57 % HeLky 18"“{1{9,‘29 Holie. 284, FDW(QICDCB)

3 34- 3 38 1(H1ﬂ, %H)sz 31507 3= B O( g, 41:1)[ W$73692720Qm% 84031 qdr, == 7.4

e, 8 ~
7 Bs (dd, o 36, 50 118, %2(7%1) [0536] B bz Ty o 7738 (mosth,

4- (4- ((4- beamgljoxycar bonYl) 1- pi per azi necar banoyl ) pi peri di n4- 25

y1) - benzoi ¢ aci d The 4-(4-((4-benzyl oxycarbonyl)- 1-

pi per azi neEEAR0yF) Pi peri din-1-y1l)-benzoic acid tert-butyl ester (5.23 g,
10. 0 nupl ) g-0btAi4ngq1 Lie EXEIMI01502)1 pesardtichyd) vedpipefaonmeca alganby126 ),
fol | owed by stlrr|n.at 60C Tor 3 hours 30 Water was added to the residue
obt ai ned ) St ind g the precipitate was

col | ect ed bylltra@h@n@ hene 10@@@; ré,i(;}-I -henayloxycar bonyl) - 1-
pi per azi necar banoy1) pi per(lidl n- ?Xy 1) - bei\lzﬁcg)’lg:c aci dﬁ()flh Ylb/ xZnt L )

mi | ky- whi teipssiazd negs rbrmR Ewsoidsn - Iev ) Ppdpotinge 1a<51ﬁ & Y%Hfgt% 76-1. 80
(m 2H), (234 mg, 0.5 mmol) obtained in Example 13(2) was dissolved in

15 ethanol (1.5 ml) and THF (1.5 ml), and a 2M sodium hydroxide
aqueous solution (1.4 ml, 2.8 mmol) was added thereto, followed
by stirring at room temperature for 5 hours. The reaction mixture
was neutralized with 2M aqueous hydrochloric acid, followed by
extraction with methanol:chloroform {1:9). The organic layer was

20 washed with water and saturated sodium chloride, and then dried
over anhydrous sodium sulfate. After the desiccant was filtered
off, the solvent was evaporated under reduced pressure, thereby
obtaining 6—(4-(4-({1l-methylpyrrol-2-yl)-carbonyl)-1-
piperazinecarbamoyl)—piperidin—l—yl)—nicotinic acid (90%) as a

25 milky-white solid.

IH-NMR (CDCl3): & (ppm) 1.30-1.52 (m, 2H), 2.01-2.21 (m, 2H),
3.00-3.22 (m, 2H), 3.32-3.53 {m, 4H), 3.65-3.87 (m, 4H), 3.79 (s,
3H), 3.90-4.11 (m, 1H), 4.30-4.55 {(m, 3H), 6.06-6.15 {m, 1H),
6.30-6.39 (m, 1H), 6.63 (d, J = 9.2 Hz, 1H), 6.68-6.76 (m, 1H),

30 8.04 (dd, J = 9.2, 2.4 Hz, 1H), 8.85 (d, J = 2.4 Hz, 1H)

[0233]
Example 14
4—((1—methylpyrrol—2—yl)-carbonyl)—N—(l—(5—(4—

morpholinylcarbonyl) pyridin-2-yl)-piperidin-4-yl)-1-

35 piperazinecarboxamide (compound 14)




-67- 2.87-2.96 (m 2H), 3.29-3.34

(m 2H), 5.09 (s, 2H), 635(d J

7.28-7.37 (m 5H), 7.75 (d, J = 8.

Exanpl e 15(4)

4-benzyl oxycar bonyl - N- (1- (4- (2- mor phol i %get hyl car banoy1) - pheny1l) -

%perl din-4-yl)- g pi pera2| necgr boxam de "“The 4-(4-((4-benzyl oxycar bonyl) - 1-
pi per azi necar ba rd Crap id - nrol

obt ai ned i n Exanpl gﬂ;{ @)&e & ?%s%%é')g&%?%%%hz( (30 c'(raﬁ%)%ogyg) %1)0 5 g,

55 Irn)rml) p-mragzanﬁéagbar&ﬂ%B -r}nmbﬁ;l-dmd]- -21) anil noet g mlplhéwaénqr 93m

mrol ) were adde ere y sti toa PC .9

hours. AftIEIPOq O@%B‘FP%@ {I?)El?aén \ﬁee%r%e‘f% lﬁesggvgggﬁ{r adtﬂgg szogllﬁn)] i car bonate

aqueous sowsum¢xm9m@§,add@@meEnetﬁoBtolibm@m By3@nmmddblandmmohm@ﬂhyb

acetate. The or yer S wash i.th ter_.and safura
chloride, & P4 %@r ﬁr g r W&ﬁﬁyag‘g%ﬁg‘%& E?ﬁjcfwe& %fyt Egg]f%% desi ccant
\tNﬁere ;3 | te[ﬁﬁdéﬁ fheathgt seb wentonas B@uﬁs/apmfaéﬁcbmdﬂg tedueed pressure,

y obtainin

benzyl oxy cBRHSHA gCllP%l@( 1925 213970 PHABHT HOdHRy FEAFbANDY T pHEny T towed DY

pi peridin- éxtyﬂa)ctlmﬁl ngﬁzw%ﬁarmﬁ de ThaoozggalJA%ye@sWas Niddhed whihe

solid. 1H NMR (CDCL3 cf 1. 46-1. 57 2H), 2.04-2.07 (m 2H),

252 48@ 2. guaf(em api) saizus%t% Soﬁlwnestlql&l ezH)andz’C@enﬁwd( RVeSH), 3.34-3.38
70 3. Jfr

(" SR8 (e g2 BTl B G en el

SH%1 Z46Z2thb esid@egobzaingd H02IspoBat Brampider1segyced pressure was

N- Ihl-

o1 per azi neRaF bean ans HedBLR AR e B AL, (14

nor phol i noemmmapbylxm@lﬁwgoﬁ) <pilpeefelim-4-lydp- 1o 35%/5 t ereby

el i esol GBI 1 heRANST T B WO B T (B0 Ry andﬁi?ﬁ%@ 08 1

15 morpholinylcarbonyl)pyridin-2- -yl)-piperidin-4-yl) -

(m 8H), 3.68-3.73 (m 1H), 3.86- 8.91
= 7.6 Hz, 1H), 6.95 (d, J = 8.9 Hz, 2H),
9 Hz, 2H), 12.15 (brs, 1H) 5[ 0237]

piperazinecarboxamide (24%) as a milky-white solid.

H-NMR {CDCls3): & {ppm) 1.32-1.54 (m, 2H), 2.00-2.19 (m, 2H),

2.96-3.15 (m, 2H), 3.34-3.50 (m, 4H), 3.55-4.07 (m, 13H), 3.79 (s,

3H), 4.26-4.48 (m, 3H), 6.04-6.15 (m, 1H), 6.30-6.42 (m, 1lH), |
20 6.66 (d, J = 8.9 Hz, 1H), 6.68-6.79 (m, 1H), 7.60 (dd, J = 8.9,

2.1 Hz, 1EH), 8.26 (d, J = 2.1 Hz, 1H}

[0234]

Example 15(1)

4- (4-phenoxycarbonylaminopiperidin-1-yl) -benzoic acid tert-butyl

25 ester
Phenyl chloroformate (7.83 g, 50.0 mmol) was dissolved

in acetonitrile (100 ml), and a solution of the 4-(4-
aminopiperidin-1-yl)-benzoic acid tert-butyl ester (13.82 g, 50.0
mmol) obtained in Example 1(1) in acetonitrile (50 ml) and DMA

30 (50 ml} was added dropwise under ice-cooling. Triethylamine (7.0
ml, 50.0 mmol) was added thereto. After stirring at the same
temperature for 2 hours, water was added thereto, and the
precipitate was collected by filtration, thereby obtaining 4-(4-
phenoxycarbonylaminopiperidin—l—yl)-benzoic acid tert-butyl ester

35 (15.5 g, 78%) as a milky-white s0lid. The obtained 4-(4-



Pd-C (3.0 g) was added thereto, followed by stirring at roomtenperature in
a hydrogen atnosphere for 17 hours. To the reaction m xture, chlorofolLm was
added. After the insoluble 5 material was filtered with Celite, the
filtrate was evaporated under reduced pressure, thereby obtaining
N-(1-(4-(2- norpholinoethyl carbanoyl )pbgg)(l) -pi peridin-4-y1)-1-

pi per azi necarboxam de (11.2 g, quant.) as a mlky-white solid. 1H NWVR
(CDCL3) 6;}%0 ’%; S 02 11210212080 4R A a2t4bt-BA%16dster 7H),
2.82-3.00 ] Hox %rgg%‘%lag“qgég%ﬁ]&%d) %%43—3.56 (m 2H), 3.70-3.90 (m 7H),
4.88 (d, Jvas TisédHzs id)in Eh85néx8ergantier), 6.90 (d, J = 8.9 Hz, 2H), 7.69
(d, J = 8&8’&’?’ 211) [0239] Exanple 15 15

4-((1-ethy Hol - 2-yl)-carbonyl)-N(1-(4-(2-

mor phol i naatdudieatbampyl ) phenyl) - pi peri di n-4-y1)-1- pi perazi necar boxam de
conmpound 15 1-et hyl rol e-2-car ' el - 1.0
gﬂTDr;) was 41 GsdIdshenay ¥R "'f'.“'.:- _,P— NG i B }'()éég i
20 g, L. 2/ I YehzogBdadid 1te(x%=b§tw¢ﬂuﬁ_d rizgo 0 0ol ) obt g

pi peridi n-"4=yI)y-T1-pi per azj necar boxam de 9. mmmol ) - ok in
Exanpl e 15(5) was aﬁ&%dq‘t(ﬁéPQFB?X¥?ﬂb&Bé{ga{5‘§7mr§?ereﬁlr%mdé:rLPheeg’izra)gt 80C f or
14 hours. Afterthepreactdanrmixbuse yassall emed) tabtetoledt anrExample
tenperature, a saturated sodium 25 bi par,bona}ag al\(r,q\ileous gll_uti on was added
to the reab?{lonwaisxgibpeolvast iewegehynEstiriect' ol Win a&‘r‘ﬁ‘ roform The

extra ed Wi, By Wl 8 randnsat urat & sedoumenl ainade, 8and then dried
over ?r?hﬁ%%%ﬁg)o icums fzﬁ{ae. Af?er t he desiccant was filterggﬁcﬁ)ff, t he

resi due obdsazred dyglevapbrGltunsiecaddene r Rhfc 8- pfesTIRe Wede30 ified

usi ng nedi um pr.essur.e silic fl PR ARy

(et hanol :%H?f oro ?#1%85 %%%Oﬁ%q%gioﬁb%ﬁgdé% ggtggi nigr)lg "

4- ((| - et hyt pysemituzey £pr cB? BonyE). - NeHen, ( #aggr was added thereto, and the

nmor phol i noet hyl car bamoyl) )opiperi din-4-y1) 2 - .0 i;pegar po i de
(215 g, "BV e Ty G Tl b L | e G e s
= 7.3 1z, BH-bdnziBokybariionyl )-69piRkiaz henrpapeyi pipadidizn-agy2l 51 (m

4H), 2.58 (t, J = 6. 2.93-3. 260 3,39 3. 28
3.H119-3. 55 ‘é)ﬁl}z%]ﬁ) ,a%g7g%§F‘§§g‘in% efgﬁj“, ?%ﬁ‘gjg]g(’q!g‘)ej):a%. 3%“%%%%}1 gﬁ? 56 (brs,
1H), 6.10 Lgthad = 2.6, 3.8 Hz, 1H), 6.30 (dd, J = 1.7, 3.8 Hz, 1H), 56.79

S (D220 otk Gcbbla s Bomy £74a-1.37%R, a3 2. 03877 (fh, a7, 8-9 Fe.

2.92-3.02 (m, 2H), 3.34-3.38 (m, 4H), 3.50-3.51 {m, 4H), .78-3.92

20 (m,3H), 4.31 (&, J = 7.4 Hz, 1H), 5.15 (s, 2H), 6.84 (dd, J = 2.0,
7.1 Bz, 24) ,7.31-7.38 (m, 5H), 7.85 (dd, J = 2.0, 7.1 Hz, 2H)
[023¢6]

Example 15(3}
4—(4-({4—benzyloxycarbonyl)-l—piperazinecarbamoyl)piperidin—l—

25 yl)-benzeic acid

The 4-(4-((4-benzyloxycarbonyl)-1-
piperazinecarbamoyl)piperidinml-yl)—benzoic acid tert-butyl ester
(5.23 g, 10.0 mmol) obtained in Example 15(2) was dissolved in
formic acid (20 ml), followed by stirring at 60°C for 3 hours.

30 Water was added to the residue obtained by evaporation under
reduced pressure, and the precipitate was collected by filtration,
thereby obtaining 4—(4~{(4—benzyloxycarbonyl)¥l—
piperazinecarbamoyl)piperidin—l—yl)—benzoic acid (4.75 g, quant.)
as a milky-white solid.

35 J4-NMR (DMSO-dg): & (ppm) 1.39-1.5% (m, 2H), 1.76-1.80 (m, 2H),



Exampl e 16 4-((l-ethyl pyrrol-2-y1)-carbonyl)-N-(1-(4-(2-(1,2,3-triazol -

10 y1)-ethyl)-phenyl)-pi peridi n-4-Y1)-1-pi perazi necarboxam de (conpound
16) Fol l owi ng the procedure of Example 1 (2), 1-((l-ethyl-

1H pyrrol -2-yl) car bonyl ) pi perazi ne hydrochl ori de was used i nstead of

1-((12- nethyl 1H-pyrrol - 2-y1)carbonyl)pi gerazi ne hydrochloride, 15 thereby
obt ai ning 4-((1- ethylpyrrol 2-yl)-carbonyl)-N(1-(4-(2-

(1,2,3-tripazel »1y¥1 n et phen Pigpeieli N3 451 75 (m, 1H) .86-
plpera2|né%arboxan1 gﬁ 3 E@ gm%4 gpsgp?d 31H—NI\/R CDC13) Q%P g%

(t, J = 7.8 %z ( maH;EH ,1 5.1091 57 2H , 2835 2dp6J 2= 0D ﬁirﬂzrzmﬁ 26 gth o oJ(

2H), 3.12 (t 03 .4 4 H) 7 3.65 6 m 5
3.76-3.90:% ﬁf %&EEBTZ%H? £l %ﬁ E%% A egh éS‘{d 8J§—§Z.%Hh 1%5}’ 7.58
(t, J = 7.0ddz, 18H), 6. 10 (dd, J = 2.6, 3. 8 Hz, 1H), 6.32 (dd, J = 1.7, 3.8
Hz, lkb 6. 79 (dd J =1.7, 2.6 Hz, 1H), 6.85 (d, J = 8.7 Hz, 2H), 6. 97 (d,

J =87 HlO%) 7.28 (d, J =0.9 H, 1H), 7.62 (d, J = 250.9 Hz, 1H)
Ref er ence leeg5[(0R41] thhod A 30 Follow ng the procedure of Exanpl e
15, correspon |n carboxyllc d , w f

1- et hyl pyr

Met hod B -7&rl%iliﬁr3@ﬂ9§ﬂ—1rp15éliazaﬂdca:fﬁcmamﬁdém and triet hyl ani ne and'
corresponding acid cnioride werée added thereto, followed by stirring at

room tenperat ure. ATBat4r deld isBER A BIETBEREL & Hqueous sol ution was added
to theg rﬁ?ﬁ%ﬁg&&&’ﬁm&@ JavRd 1 Byn 51 -8xt)-aehizenc Wad i Cl‘2|3080§prm The
er

extract wth and saturated sodi um ch] orj de, 38 ried over
anhydr ous i) urebsalinadein Atapleh s §akiGeast-SRasved | 1l PO Bhe resi due

obt ai ned b 0 dycegdopr espwiue gWas2 Pyrindd19q uaENg-
nedlun}pré%éﬁre S|ﬁ?ga§gg1q$fn&ﬁ 2olunn o rona?ograph t hereby 10
obt ai ni ng aminddthivémooppolik: (102421, 60 mmol) were ad ed thereto,

followed by stirring under heat at 60°C for 3 hours. After

15 cooling to room temperature, a saturated sodium bicarbonate
aqueous solution was added thereto, followed by extraction with
ethyl acetate. The organic layer was washed with water and
saturated sodium chloride, and then dried over anhydrous sodium
sulfate. After the desiccant was filtered off, the solvent was

20 evaporated under reduced pressure, thereby cbhtaining 4-
benzyloxycarbonyl—N—(1—(4—(2—morpholinoethylcarbamcyl)—phenyl)—
piperidin—4—yl)—1~piperazinecarboxamide (20.7 g, 72%) as a milky-
white solid. '

H-NMR (CDCl3): & (ppm) 1.46-1.57 (m, 2H), 2.04-2.07 (m, 2H),

o5 2.48-2.51 (m, 4H), 2.58 (t, J = 6.0 Hz, 2H), 2.90-3.00 (m, 2H),
3.34-3.38 (m, 4H), 3.50-3.55 (m, 6H), 3.70-3.80 (m, 7H), 4.43 (d,
J = 7.3 Hz, 1H), 5.14 (s, 2H), 6.63-6.66 (m, 1H}, 6.89 (d, J =
8.9 Hz, 2H), 7.31-7.38 (m, 5H), 7.67 (d, J = 8.9 Hz, 2H)

[0238]

30 Example 15(5)

N—(1—(4—(2umorpholinoethylcarbamoyl)phenyl)—piperidin—4ﬂyl)—1—

piperazinecarboxamide

The 4-benzyloxycarbonyl-N-{1-{4-(2-
morpholinoethylcarbamoyl)—phenyl)—piperidin—4—yl)—l-

35 piperazinecarboxamide (14.5 g, 25.0 mmol) obtained in Example



Ref erence Exanple 1 4-((pyrrol-2-yl1)-carbonyl)-N-(1-(4-(2-

nor phol i noet hyl car banoyl ) pheny1) - pi peri di n-4-y1)-1- 15

pi per azi necar boxam de Method A, yield: 39% 1H NVR (00013): 5 (ppm
1.42-1.60 (m 2H), 2.00-2.15 (m 2H), 20 Reference Exanple 2

4- ((3,5-di met hyl pyrrol -2-y1)-carbonyl) - Ns(1-(4-(2-

nor phol i noet hyl car banoy1) - phenY1) - pi peri di n-4-y1)-1- 25

pl per azin r (0] t
4-((1 - met iy p?rﬁ%?;ﬁ%%@ﬁ%&%?Sﬁﬁbﬂatﬁ%dbl 2%%Z§szﬂzﬂ4hfﬂﬁserm&uxadﬁ@amp%e 3

mor phol i nozt8y1(8aP bahoe -%ﬂﬁiéﬁylgelﬁﬁtﬁér |f8&ﬂ10§4€§;1}3x ftigging at room

pl per azin d 0
s TSI LRt e (R 2 (2
21-1), 3. 3BaAH06n(mixdTH,, C&l@@otgma\@sl)addad53ﬁ(faer‘]t ’71%@;21 lgp) |

(13, Pk 5 Pyl Mt e e e Ay o T 0
4- ((thlOphﬁﬂkﬁriﬁﬁuceﬁh@myﬁﬁﬂkh ihéﬁemj}obpalnlng N-(1-(4- (2~
%{ Egg' 16\,”0%@\{@ %38 fga%he%ﬂ pRer%%rl %'1%&"1%{}1)1 A: ylgl_@er azi necar boxami de
piperazinecarboxamide (11.2 g, quant.) as a milky-white solid.
1H-NMR (CDCls): & (ppm) 1.50-1.60 (m, 2H), 2.02-2.05 (m, 2ZH) 2.45-
10 2.61 (m, 7H), 2.82-3.00 (m, 6H), 3.31-3.35 {(m, 4H), 3.49-3.56 (m,
2H), 3.70-3.90 (m, 7H), 4.88 (d, J = 7.4 Hz, 1H), 6.85-6.86 (m,
1H), 6.90 (d, J = 8.9 Hz, 2H), 7.6%9 (d, J = 8.9 Hz, 2H)
[0239]
Example 15
15 4—((1-ethylpyrrol—2—yl)—carbonyl)—N—(l—(4—(2—

morpholinoethylcarbamoyl)phenyl)—piperidin~4—yl)—1~

piperazinecarboxamide (compound 15)

1l-ethylpyrrole-2-carboxylic acid (139 mg, 1.0 mmol) was

dissolved in DMF (3.0 ml), and WSCD (230 mg, 1.2 mmol), HOBt (168

20 mg, 1.2 mmol), and N-{1- (4— (2-morpholinoethylcarbamoyl)phenyl) -
piperidin—4—yl)-1—piperazinecarboxamide {400 mg, 0.9 mmol)
obtained in Example 15(5) was added thereto, followed by stirring
under heat at 80°C for 14 hours. After the reaction mixture was
allowed to cool to room temperature, a saturated sodium

25 Dbicarbonate aqueous solution was added to the reaction mixture,
followed by extraction with chloroform. The extract was washed
with water and saturated sodium chloride, and then dried over
anhydrous sodium sulfate. After the desiccant was filtered off,
the residue obtained by evaporation under reduced pressure wWas

30 purified using medium-pressure silica gel flash column
chromatography (methanol:chloroform = 1:30 to 1:10), thereby
obtaining 4—((lwethylpyrrol—2ﬂyl)—carbonyl)—N—(l-(4—(2—
morpholinoethylcarbamoyl)phenyl)npiperidin—4—yl)—1—
piperazinecarboxamide (213 mg, 42%) as a milky-white solid.

35 Ily-NMR (CDCls): & (ppm) 1.36 (t, J = 7.3 Hz, 3H), 1.46-1.57 (m,



1H NVR (CDC13): 6 (ppm 1.40-1.62 (m 2H), 1.97-2.15 (m 2H), 2.38-2.65 (m
6H), 2.88-3.05 (m 2H), 3.35-4.04 (m 17H), 4.56 (d, 15 J = 7.1 Hz, 1H)),
6.64 (brs, 1H, 6.90 (d, J = 8.9 Hz, 2H), 7.00- 7.11 (m 1H), 7.25-7.33 (m
1H), 7.41-7.52 (m 1H), 7.67 (d, J = 8.9 Hz, 2H) [0246] Reference Exanple 5
20 4- ((thi ophen-3-y1)-carbonyl)-N (1-(4562-

nor phol i noet hyl car banpby1) - pheny1) - pi peri di n-4-y1)-1- pi perazi necar boxam de
Met hod B, e' , §5g9§é+wzﬁ§D02348 255(1pRH@ 4H>42215@2 em J2H)6, 0l na7- 2. 18
(m 2H), 88-3.05 Em 17H), 4.61
Ed, iH) 62§in2 DBy 3. Bl 569,6.2H0 , (Fy 3919, 426 90% 33498395F=+z mp i), 7. 13 7.24
m 60 7167

[0247] 30 %gfbeﬁelréée{ fd}? éi% [Cra i 2@’ (Wse) 5:8; ity

4- ((furan- aml) ddarboqay?i)@ N3 B- €4, (B norph6l il ddethyt daﬂbaﬁn?lﬂzr 1H)

phenyl) - pi yl) p| n e Net hgd 7390 NVR
(CDC13)": Sge{pdp 211 ﬂo 116% %eer%zzv ?gﬁ géfdné%(mwbzﬁ 95@@ 2. g7é‘}/ éIt!r'%H),
2. 86- 3. 08im 2 5z3.3%-4.00 (m 17H), 4.68 (d, -72- J = 7.4 Hz, 1H) 6. 50
(dd, J 352_17Hz 1H), 6.60-6.77 (m 1H), 6.89 (d, J = 8.9 Hz, 2H),
7.03 (dd, P240 5 0'5 Hz, 1H), 7.43-7.56 (m 1H), 7.67 (d, J = 8.9 Hz. 2H)
[0248] 5 I?g}iagﬁfg@c@E;Exarrpl e 7

4-((furan-3-y1) carbonyl) N-(1 (4 (2- rmrpholmgth I
phenyl)-pl i (tien gyl Yok QLT "‘e‘j ¥ "Lu de= Npi 5d

10 yl)-ethyl)-phenyl)-piperidin—4-yl)— 1-p1pera21necarboxam1de

(compound 16)

Following the procedure of Example 1 (2}, 1-({i-ethyl-
1H-pyrrol-2-yl)carbonyl)piperazine hydrochloride was used instead
of 1-((l-methyl-1H-pyrrol-2-yl}carbonyl)piperazine hydrochloride,

15  thereby obtaining 4-((l-ethylpyrreol-2-yl)-carbonyl)~N-{1-(4-(2-
(1,2,3-triazol-1-yl)-ethyl) -phenyl) -piperidin-4-yl}-1-
piperazinecarboxamide (75%) as a white solid.
1H-NMR (CDC1s) : & (ppm) 1.38 (t, J = 7.3 Hz, 3H), 1.51-1.57 (m, 2H),
2.06-2.09 (m, 2H), 2.80-2.90 (m, 2H), 3.12 (t, J = 7.1 Hz, ZH),

20 3.40-3.44 {m, 4H), 3.58-3.63 (m, 2H), 3.76-3.90 (m, 5H), 4.18 (q,
J = 7.3 Hz, 2H), 4.38 (d, J = 7.3 Hz, 1H), 7.58 (t, J = 7.1 Hz,
2H), 6.10 (dd, J = 2.6, 3.8 Hz, 1H), 6.32 (dd, J = 1.7, 3.8 Hz,
1H), 6.79 (dd, J = 1.7, 2.6 Hz, 1H), 6.85 (d, J = 8.7 Hz, 2H),
6.97 (d, J = 8.7 Hz, 2R), 7.28 (d, J = 0.9 Hz, 1H), 7.62 (d, J =

25 0.9 Hz, 1lH}

i

Reference Examples
[0241]
Method A

30 Following the procedure of Example 15, corresponding
carboxylic acid was used instead of l-ethylpyrrole-2-carboxylic
acid, thereby obtaining the title compound.

Method B
N-(1—(4—(2—morpholinoethylcarbamoyl)phenyl)—piperidin—

35 4-yl)-l-piperazinecarboxamide obtained in Example 15(5) was



1H NWR (CDC13): 6 (ppn) 1.40-1.65 (m 2H), 1.97-2.13 2 -

(m 6H), 2.88-3.07 (m 2H), 3.33-4?00 (:? 17H), 4.63 Eg} Jkl’7}22F§8 EF§6
6.54 (dd, J = 2.0, 0.8 Hz, 1H), 6.58-6.75 (m 1H), 6.89 (d, J = 9.1 Hz,

2H), 7.39-7.51 (m 1H), 7.60-7.78 (m 3H) [0249] 15 Reference Exanple 8

4- ((isoxazol - 5-y1)-carbonyl)-N-(1-(4-(25,_

nor phol i noet hyl car banoyl) - phenyl) - pi per| di n-4-yl)-1- piperazi necarboxam de

Met hod B, | 3%
CRE S & RLBL s KGRI RN
J HZ:,orIth)spoﬁdﬁB} &cm cmlonHe n@r@laédedﬁherﬁtg HfOli 89 (d, J =

%e?erznce%%ﬁﬁflg gf?]ﬂt%m?ﬁt%ltm d'azol “y1 eg\;rsgg%ﬁ)ﬂ%a(r%g%ig%[z?%ol
mor phol i n@@;ubbheasbamm/ciw) wplsengdyd pipetiedicaadt i) Mixtyirger 52} HAESr B¥xani de
ioggfeggig 6(2% a%%gnzﬁjg%% }Z,‘%r rgr %}1 % 41%1069 283 iPh dHter and
CRYTBH) 105 8% o‘“%‘m 31%5‘ 35-4.28 (m
17% é) HZS s}%{)u&%te@"&océﬂm?@kﬂdrlde, dhdl chid edlber GaréYydrus, sq@ume 90 (d, J
35(d, J —-qphjapg ter. ygg éégﬁgg%ntlw%é Eif%%ééi d%ff 1 Hsigld) . 768
obtained by evaporation under reduced pressure was purified using
medium-pressure silica gel flash column chromatography, thereby
10 obtaining the title compound.
(0242]
Reference Example 1
—((pyrrol—Z—yl)—carbonyl)—N~(1—(4~(2—
morpholinoethylcarbamoyl)phenyl)—piperidin—4-yl)—l—
15 piperazinecarboxamide
Method A, yield: 39%
I4_NMR (CDCls): & {(ppm) 1.42-1.60 (m, 2H), 2.00-2.15 (m, Z2H),
2.45-2.70 (m, 6H), 2.88-3.05 (m, 2H5, 3.40-4.02 (m, 17H), 4.43 (d,
J = 6.9 Hz, 1H), 6.27 (s, 1H), 6.53 (s, 1H), 6.65 (brs, 1H),
50  6.80-7.05 (m, 3H), 7.67 (d, J = 7.4 Hz, 2H), 9.55 (brs, 1H)
[0243]
Reference Example 2
—((3,5~dimethylpyrrol-2wyl)—carbonyl)—N—(l—(4-{2—
morpholinoethylcarbamoyl);phenyl)—piperidin—4-yl)— -
25 piperazinecarboxamide
Method A, yield: 22%
l4_NMR (DMSO-d6): & (ppm) 1.37-1.63 (m, 2H), 1.70-1.87 (m, 2H),
2.00 (s, 3H), 2.12 (s, 3H), 2.30-2.67 (m, 7TH), 2.73-2.98 (m, 2H),
3.15-4.00 (m, 16H), 5.62 (s, 1H), 6.3 {(m, 1H), 6.94 (d, J = 8.9
30 Hz, 2H), 7.6% (d, J = 8.9 Hz, 2H), 8.07 {(brs, 1H), 10.73 (s, 1H)
[0244]
Reference Example.3
4-{ (l-methylpyrrole-3-yi) - —carbonyl) -N—(1-(4-(2-
morpholinoethylcarbamoyl)—phenyl)—plperldln—4—yl)—1-

35 piperazinecarboxamide



[ 0251] Reference Exanple 10

4- cycl opentyl carbonyl - N- (1- (4- ( 2- nor phol i noet hyl car banoyl) -

phenyl) - pi peri di n-4-y1) - 1-pi perazi necarboxam de 5 Method B, yield: 65%
1H NWVR (CDC13): 5 (ppm 1.40-1.92 (m 11H), 1.99-2.15 (m 2H), 2.42-2.68
(m 6H), 2.88-3.10 (m 2H), 3.25-3.98 ng_l?l—i), 4.40 (d, J = 7.4 Hz, 1H),
6.58-6.75 (m 1H), 6.90 (d, J = 8.9 Hz, 2H), 7.68 (d, J = 8.9 Hz, 2H)

10[ 0252] renge gﬁ@ig).l 11

4- benzoyl I%%t?‘f%( %5( - nnr'pﬁ)’gl i noet hYl car barmyl%_l- pheny1) - pi peri dj n-
4-y1) - 1- pi'peNdRi (@REnboxani ren) VAt K8dl 02 yime] ¢H) 1386 A5 TEHINVRTY CBBEI3) : 5
(ppm 1.39; 1.6 H) g2 004415 2 234252, 6¢5 (R, 6Hw) 23846 3(06
(m 2H) . o élr%ﬁ iﬂsz 0‘04?%5%?8%5 @H?.’fﬁé? %H()?S e TN ATy
6.90 (d, J3H ,8495Bz (d2H], = 7..30H7, 58HY:m6-82-F, 3¢ 67 (1) ,J6-5879. 1z, (mpH)
[0253] _20 Reference, Exanmpl 2. 4-(3-flugrobhepzoyl) -piyperaghney 1-car boxylic
aci d- ( 6- rfol?e%@ot‘%ixa ol %Z%yﬂ fa%‘lg’)d’e %{%2552]8%@{%% elﬁic)é Ekgyrpi?%' 1%3 25

4- (3-fl uorplaemzQy 2}y pi perazi ne-1-carboxylic acid- (5, 6-

di met hyl benzot hi azol - 2- Y1) - am de [0255] Reference Exanple 14

4-(3-fl uor E)QJ?e‘}r?ﬂoyl) - Pi per azi ne- 1- carboxylic acid-(6- 30

met hyl benzgtiiazek- BxXdpram de

4~ ( (thiophen-2-yl)-carbonyl)-N-(1-(4- (2~

10 morpholinoethylcarbamoyl)ﬂphenyl)—piperidin—4—yl)-1—
piperazinecarboxamide
Method A, yield: 58%
lH-NMR (CDCls): & (ppm) 1.40-1.62 (m, 2H), 1.97-2.15 (m, 2H),
2.38-2.65 (m, 6H), 2.88-3.05 (m, 2H), 3.35-4.04 (m, 17H), 4.56 (d,

15 J = 7.1 Hz, 1H), 6.64 (brs, 1H), 6.90 (d, J = 8.9 Hz, 2H), 7.00-
7.11 {(m, 1H), 7.25-7.33 (m, 1H), 7.41-7.52 (m, 1H), 7.€7 (d, J =
8.9 Hz, ZH)

[0246]
Reference Example 5

20  4-{(thiophen-3-yl)-carbonyl)-N-(1-(4-(2-
morpholinoethylcarbamoyl)wphenyl}—piperidin-4—yl)—1—
piperazinecarboxamide
Method B, yield: 55%

IH-NMR (CDCl3): & (ppm) 1.42-1.62 (m, 2H), 1.97-2.18 (m, 2H),

55  2.40-2.68 (m, 6H), 2.88-3.05 {(m, 2H), 3.30-4.02 (m, 17H), 4.6l (d,
J = 6.9 Hz, 1H), 6.55-6.70 (m, 1H), 6.90 (d, J = 8.9 Hz, 2H},
7.13-7.24 (m, 1H), 7.33-7.42 (m, 1H), 7.49-7.60 (m, 1H), 7.67 (d,
J = 8.9 Hz, 2H)

[0247]

30 Reference Example 6
4~((furan—Z-yl}—carbonyl)—N—(1-(4—(2—morpholinoethylcarbamoyl)—
phenyl)—piperidin—d—yl)—1—piperazinecarboxamide
Method B, yield: 71% _

I4-NMR (CDCls): & (ppm) 1.40-1.63 (m, 2H), 1.97-2.15 (m, 2H),
35  2.37-2.67 (m, 6H), 2.86-3.08 {(m, 2H), 3.35-4.00 (m, 17H), 4.68 {(d,



[ 0256] Reference Exanple 15 4-(3-fluorobenzoyl)- pi perazi ne-|-carboxylic
aci d- (6- net hoxybenzot hi azol -2-yl)-am de 35[0257] -74- Reference Exanple
16 4-(3-fluorobenzoyl) - pi perazi ne-1-carboxylic acid- (6-

chl orobenzot hi azol - 2-y1)-am de [0258] 5 Reference Exanple 17

4-(6-fl uoropyridine-2-carbonYl) - pi peraziype- 1-car boxylic acid-(4-
trifluoronethylphenyl) am de Reference Exanples 12 to 17 were synthesized

according fa yhe procedure eh the nepthadsdi sct assd 1Hy, | 6t €d-rational
Publ i cati on 10 vwzooa 122787. [ 0259 Reference Exan% g 18
5 Bz, 1H)

N- met hoxy-Ine®h§i- ﬂi(51beﬁ28y perdtni da2él {9y 1)

dinethylpﬁfégl ~2r gadp de £5 The pynghesiis, was carried out accordlng to
t he net ho scl 6se it ernational Publicati on W2007-007778. Test

Exanpl es [028@] 20 Test Exanpl e 1: Henat opoi etic Prostagl andin D Synt hase
(H PGDS) | bI%En é%ﬁﬁf¥]7 The test was carried out according to
the nmetho “Gr'ade’ et al. Biol. Chem, 262, 3820-3825, (1987)).

Nbr e speC|44(mﬁuk¢n BkmﬂrfﬂﬁnhooglhT&fUkeHK49-@QythﬁﬂﬁﬂeﬁbﬁéCq{ﬁﬂmﬁmli

Tris-HC1 H &g)pipegﬁ%ub gﬁgo Iut Jéél €raPod /44 y-globulin, and

human H P |na concentratlon 0.01-100 pM was
preinCUbahﬁﬂiﬁki25Cyi@1d5:MWﬂutes A DVSO sol ution (final concentration:

or bt agl anti RYFR (S0-( £l (GBHan &t bne ro 2Ny sae. stsd Th 20Ari the
react ir@n. 533%4@_@@temafgey,tjueeseaov oh, t4w® r €acBFanp0 250, plyHf, 4.p8atdd on
stop - 7.4 Hz, 1H), 6.54 (dd, J = 2.0, 0.8 Hz, 1H), 6.58-6.75> (m,
1H), 6.89 (d, J = 9.1 Hz, 2H), 7.39-7.51 {m, 1H}, 7.60-7.78 (m,
3H)
[0249]
15 Reference Example 8
4—((isoxazol—S—yl)—carbonyl)—N—(l—(4—(2—
ﬁorpholinoethylcarbamoyl)—phenyl)—piperidin—4—yl)—1—
piperazinecarboxamide
Method B, yield: 43%
20 ‘H-NMR (CDCls): & (ppm) 1.38-1.63 (m, 2H), 1.92-2.13 (m, 2H),
2.39-2.68 (m, 6H), 2.85-3.08 (m, 2H), 3.38-4.03 (m, 17H), 4.77 (d,
J = 7.4 Hz, 1H), 6.58-6.75 (m, 1H), 6.8l (d, J = 1.8 Hz, 1H),
6.89 (d, J = 8.9 Hz, 2H), 7.66 (d, J = 8.9 Hz, 2H), 8.33 (d, J =
1.8 Hz, 1H)
25 [0250]
Reference Example 9
4—((l—methylimidazol—Z—yl)—carbonyl)—N—(l-(é—(Z—
morpholinoethylcarbamoyl)mphenyl)—piperidin—4—yl)—l—
piperazinecarboxamide
30 Method A, yield: 46%
l4-NMR (CDCls): & (ppm) 1.40-1.63 (m, 2H), 1.95-2.18 (m, 2H),
2.40~2.70 (m, 6H), 2.85-3.10 (m, 2H), 3.35-4.28 (m, 17H), 3.89 (s,
3H), 4.50 (d, J = 7.4 Hz, 1H), 6.69 (brs, 1H), 6.90 (d, J =8.9
Hz, 2H), 6.96 (d, J = 1.0 Hz, 1H), 7.04 (d, J = 1.0 Hz, 1H), 7.68
35 (d, J = 8.9 Hz, ZH)



solution (diethylether/nethanol/1 Mcitric acid (30/4/1) at a tenperature

- of -20C was added to stop the reaction. After the reaction was stopped, 50
pL of the upper-layer portion (organic 35 solvent |layer) was applied to a
TLC pl ate and devel oped at -20C -75- for 45 m nutes (devel opi ng sol vent:
di et hyl et her/ met hanol /acetic acid (90/243)). After drying the TLC pl ate,
the TLC plate was exposed to an imaging plate for 1 to 24 hours, and the
radi oacti vigbyigorresponding to prostaglandin D2 (PG2) was 5 anal yzed using
an i mage anal yzer (produced by Fujifilm Corporation). The area (% occupied
by the PGﬁ@fl?éﬁﬁC@e‘?E)X@fﬁ?i’é? W&s calcul ated to determine the inhibition rate

(% of each xapple: ¢paiid1ak-011pMorababhyeiddetdie ce@biri®y1)gf oup in
each experdlqrﬁréft ?Ba_s g\e_l | "as"the i@nhg( bition %oncent ration at 50% (1C50 10
val ue, nMpheslyal rpere 6idPAEDSL) TADPERETRZARGCRTRMGHYdTe results. [ 0261]

Tabl e % MEhod B’Cog}_)%d Mynber I nhibition 1050 Rate (%9 0.1 uMnM
[-NMR (CDClz): & (ppm) 1.40-1.92 (m, 11H), 1.99-2.15 (m, 2H),
2.42-2.68 {(m, 6H), 2.88-3.10 (m, 2H), 3.25-3.98 (m, 17H), 4.40 (d,
J = 7.4 Hz, 1H), 6.58-6.75 (m, 1H), 6.90 (d, J = 8.9 Hz, Z2H),
7.68 (d, J = 8.9 Hz, ZH)

10 [0252]

Reference Example 11
4—benzoyl—N—(1—(4-(2—morpholinoethylcarbamoyl)—phenyl)—piperidin-
4-yl)-1l-piperazinecarboxamide

Method A, yield: 13%

15 'H-NMR (CDCls3): & (ppm) 1.39-1.63 (m, 2H), 2.00-2.15 (m, 2H),
2.42-2.67 {(m, 6H), 2.87-3.06 (m, 2H), 3.28-4.05 (m, 17H), 4.51 (4,
J = 7.4 Hz, 1H), 6.55-6.72 {(m, 1lH), 6.90 (d, J = 8.9 Hz, 2H},
7.30~7.53 (m, B5H), 7.67 {(d, J = 8.9 Hz, ZH)

[0253]

20 Reference Example 12
4-(3—fluorobenzoyl)~piperazine—l—carboxylic acid- (6-
bromobenzothiazol-2-yl) —amide
[0254]

Reference Example 13

25  4-(3-fluorcbenzoyl)-piperazine-l-carboxylic acid- (5,6~
dimethylbenzothiazol-2-yl)-amide
[0255]

Reference Example 14
4~ (3-fluorobenzoyl)-piperazine-l-carboxylic acid-(6-

30 methylbenzothiazol-2-yl)-amide

[0256]

Reference Example 15

4- (3-fluorcbenzoyl) -piperazine-l-carboxylic acid-{6-
methoxybenzothiazol-2-yl)-amide

35 [0257]
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Reference Example 16
4- (3-fluorobenzoyl)-piperazine-l-carboxylic acid-(6-
chlorobenzothiazol-2-yl)-—amide
[0258]
Reference Example 17
4—(6—fluoropyridine—2-carbonyl)—piperazine—lmcarboxylic acid-(4-
trifluorcmethylphenyl)-amide
Reference Examples 12 to 17 were synthesized according to the
procedure of the method disclosed in International Publication
WC2008-122787.
[0259]
Reference Example 18
N—methoxy—N~methyl—4-(5—benzoylbenzimidazol—Z—yl—B,5—
dimethylpyrrol-2-carboxamide
The synthesis was carried out according to the method disclosed
in International Publication W0O2007-007778.

Test Examples
{0260]
Test Example 1: Hematopoietic Prostaglandin D Synthase (H-PGDS)
Inhibiting Action

The test was carried out according to the methcd of
Urade, Y. et al. (J. Biol. Chem., 262, 3820-3825, (1987)). DMore
specifically, the reaction mixture {49 uL) containing 100 mM
Tris-HC1 (pH 8.0), 1 mM reduced glutathicne, 0.1 mg/mL y-globulin,
and human H-PGDS (g.s.), and a compound (final concentration:
0.01-100 puM) was preincubated at 25°C for 5 minutes. A DMSO
solution (final concentration: 1%) was added to the solvent
control group. Subsequently, 1 pb of [*C] prostaglandin H2
(final concentration: 10 pM) was added to start the reaction. One
minute after the start of the reaction, 250 uL of a reaction stop
solution (diethylether/methanol/1 M citric acid (30/4/1) at a
temperature of —20°C was added to stop the reaction. After the
reaction was stopped, 50 pL of the upper-layer portion {(organic

solvent layer) was applied to a TLC plate and developed at -20°C



11 CH Me 0 rN-it--, 07) 66.7 12 CH Me O ONA----- 0,) 53.6 13 N M

HOOC, |

10

52.8

_75..
for 45 minutes {(developing solvent: diethylether/methanol/acetic
acid (90/2/1)). After drying the TLC plate, the TLC plate was
exposed to an imaging plate fox 1 to 24 hours, and the
radiocactivity corresponding to prostaglandin D2 (PGDZ) was
analyzed using an image analyzer (produced by Fujifilm
Corporation). The area (%) occupied by the PGDZ band per lane was
calculated to determine the inhibition rate (%) of each Example
compound at 0.1 uM relative to the control group in each
experiment, as well as the inhibition concentration at 50% (IC30
value, nM) relative to H-PGDS. Tables 1 and 2 show the results.
[0261]
Table 1



14 NMe o CN)C 0") 57.2 15 CHEt 0")o 1."."..N.,....... "N 1
39 16 CH Et fk--N 68. 4
_76_
R.?_l N
XONTN o
o
N Y
N _.
0 R
Inkibitvion )
1050
Compound X R1 R2 Rate {%)
Hymbey 0.1 uM (nM)
1 CH Me HOOG, 57.7 67
0
2 CH Me T N“’u“* 55.2
| | H
"
o £
3 CH Me [N NN 69.1 27
H
0
4 GH Me (\N*”\ 69.8 31
o/
Q
5 GH Me O,,)K 67.6 41
Q
B CH Me @JK\ 63.0 52
7 CH Me N=n 75.0 15
NN
/N‘“NW\‘
8 cH Me ¢ 60.6
[0262]
Table 1 (continued)

H 69.9



[0263] Table 1 (continued) [ 0265] Ref erence Exanples 1 to 11
are conpounds in which the (N-al kyl pyrrol -2-y1)-carbonYl group, which
characterizes the 5 conmpounds of the present invention, is replaced by

anot her substituent such as a heterocyclic ring. As shomn in Table 1, the
pi perazi ne conpound having an (N-al kyl pysrol -2-y1)-carbonyl group as in the
conpounds of the present invention showed a strong HPGDS inhibitory effect,
whereas Reference Exanples 1 to 11 showed 10 little inhibitory effect.

[ 0266] Furiher, Reference [Exanpleg 12 to 16 are conpounds -BO- haviing a
structure ginmlar to that pf the gonpounds, et the jpresent inyention, i.e
a structurg cogpri $ingHa f] uomebenzo P“ﬁﬁggp and an arifdcar bon$l grloup,
and having|a high GST2 inhjbitory |activi¥y {yRange |A). Referepce Exarple 17
is a conpobnd 5 conmprisingl a fluor npyrldlnnhafhnn/! gr-oup—ahd—an
am nocar bopyl group, and is effe gtive against netgbolic syngdrone in mce.
Al'l of these conpouinds are|discloged iR. a&gp%\theratﬂH 3. [[0267] [The

conmpounds of t1fe pres i pvelfion cl arly showed p 10" stronger H—PﬁDS
inhibitoryteffect fhan Refgrence Exanp 6s 12 to 17 [ 0268] Test Exanple 2
PGD2 Pr odu¢ttoer—tmhit-brtingyActTom T the Nasal Cavities of Gliinea Pilgs with
Anti gen- | nduced Rhilnitis 1

1 CH Me rf\-J\é%\ 66.7

12 CH Me r’\NJLv/\\ 53.6

HOOC 59 8

O
14 N Me (/\N/m\ 57.2

15 cH Et LN~ 69.9 39
H
N:_—N
16 CH Et SN 68.4
[0263]

Table 1 (continued)



15A physi ol ogi cal

saline solution containing 1 ng/nL of oval bum n was
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i ni
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tization,

20 pL

20 saline solution cegtaining 10 ng/nL of oval bum' n was

nasal

initial

sensitizati on,

cavity using a mcropipette (sensitization by

Three weeks after
sol ution containing 10 ng/ nL of oval bum n was
cavity using a 25 mcropipette to induce a

20 pL of a

BB69] 30 minutes after the induction of a rhinitis

Lgavi ties were washed under pentobarbital sodium
caV| ty washi ng I i qU| d (phosphate buffer ed 30 saline

anest heS| a. A nasaI

cont ai ni Ngg-< A—aire10—pi-of-—-rndonethac was; i gstred—usTg a
Peristaltil Ison Inc.) in the direction E{&@E e |traétiBa to the
upper resp {ract at & flow rate of RR ni/ prm—and—tHe—tiquidf | ow ng
out fromt cavi t| es was collected for 1}m mited The coMlected
i quid wasj.cent.rl & EPaf-ai-ethe sap\,r rat-aft--as—the—nasat—cavi ty
washi ng flid. The centratl oh of 2 En the nasdl cavity Wwashing
fluid was @’@tfe?‘qfﬁ»q”ﬂ | A k|t (Pr gl andi n D2- MX Ekég ki t; Caynman
Cheni cal ) . |§6228% 15The te (30 ngmkg) iwas oral Iyl admi nistered 1
hour beforg inductijon of a r hi ni reaction. AlfoLmul a td calculate the
rate of defrease 1 n 2 11y the nasal cayity waghing fluid is shown; bel ow.
10 Rate(%Regggﬁr S A, in the nagak, cavity washi 2g]‘IHJiOg{ PGD2
concent r at |0k i e cont ol - P nceEntration i tRe'"Y
conpound- afim ni st eried group)(P ongentradlionjin the control group - PGD2
concent r at FeR—i-R-t-He—Rorrat—gr-otpy—x1106 LGZTij 58 urmor STWer e
obtai ned ffom each g t o2det er m nejwhe expressi on t he PGDR2
product i onigafierbatding' ﬁﬁurred _ hae PGD2 concentratig® i n the
nasal cavi {Exava3hiz)g fluid wa ar ¢d “between |t he control group and each
conpound- adm ni st erjed group. Table shows the results. i
significange | evel S~bel ow 0. 05, theé action wds consideried to be present
and i ndi cat eggﬁ&%ﬁg%@ the tabl eff Refar en%’%xarrpl e k], kmown as
an H PGDS iphlbitaor), was u L@fmlti e*scontjr ol subst anhce :
Ty ~
neference w§)\©\ /@S 327
Example 5 ’O\ '
fe v N
reference| “"’“‘ﬁ*@\ /@ 445
Example & r-O\ :
o™y 9 =
Eeference &Nw-"'*‘-mj\@\ ):/\G = 1000
Exampie 7 e ,.0\
U~ -

Reference wﬁ)\@\ f tM > 1000

Exampie & PO\ o

[0264]

Table 1 (continued)



[0272]

cavity washing fluid Exanple 5

Exanpl e

10

25 Tabl e 2 Conpounds Rate (% of decrease in PGD2 in the nasal

88. 0* Reference Exanple 18 77.0* Reference

12 7.9 Reference Exanple 13 3.9
—7G-
2 N
Reference ?::Emﬁﬂﬂ ji(ﬁé
Example 2 H N N = 300D
S Me
/\,‘ o
Refersnce ?Lwﬂxfmuiktzzi .
Example 10 H . - > 1000
.f‘x.] o X
Reforence t“mﬁ*@ :
Exsmple IL ?::lk , 30.0 249
Reference Br N
5 48,1 106
E 1 § i
xample 12 S’k\ A "
Me 1
Beferenge :
Example 13 Me%\i /©\F 31.6 222
's*Lx
- - ff Ny 1
maver lilan Oq URNIE I © U BRE LI L
Reference Meo_<i:2“_. fl::j% - |
Exanmpis 15 SE\ . 20.9 318
ferens - ‘
iever B Vel | e |
- . F
reference FaC .
Example 17 /[Nj\!: 1.8 5817

[0265]

Reference Examples 1 to 11 are compounds in which the
(N-alkylpyrrol-2-yl) -carbonyl group, which characterizes the
compounds of the present invention, is replaced by another
substituent such as a heterocyclic ring. As shown in Table 1, the
piperazine compound having an (N-alkylpyrrol-2-yl)-carbonyl group
as in the compounds of the present invention showed a strong H-
PGDS inhibitory effect, whereas Reference Examples 1 to 11 showed
little inhibitory effect.

[0266]

Further, Reference Examples 12 to 16 are compounds



Ref erence Exanple 14 26.6 Reference Exanple 15 -27.4 Refer

-38.1 Reference Exanple 17 31.0 [0273]np-82- AgggdeﬁgnPLetﬁg
results in Table 2, the conpound of the present invention indicated a rate
of decrease in the PG@2 concentration simlar to that of Reference Exanple
18 (these conmpounds have significant digferences). In contrast, Reference 5
Exanples 12 to 17 disclosed in Patent Literature 3 did not shoﬁla

SignifiCa@ﬁwQﬁﬁrgaéﬁkdékd&@esEﬁE?aﬁQﬂﬁﬁﬂkﬁabfoﬁhe compounds of the

present invention, i.e., a structure comprising a fluorobenzoyl
group and an aminocarbonyi group, and having a high GSTZ
inhibitory activity (Range A). Reference Example 17 is a compound
5  comprising a fluoropyridinecarbonyl group and an aminocarbonyl
group, and is effective against metabolic syndrome in mice. All
of these compounds are disclosed in Patent Literature 3.
[0267]
The compounds of the present invention clearly showed a
10 stronger H-PGDS inhibitory effect than Reference Exemples 12 to
17.
(02681
Test Example 2: PGD2 Production Inhibiting Action in the Nasal
Cavities of Guinea Pigs with Antigen-Induced Rhinitis
15 iy physiological saline solution containing 1 mg/mL of
ovalbumin was subcutaneously injected intc the back of 5-week-old
male Std: Hartley guinea pigs in an amount of 1 mL/body for
active sensitization (initial sensitization). One Week and two
weeks after initial sensitization, 20 pL of a physiological
20 saline solution containing 10 mg/mL of ovalbumin was instilled
into each nasal cavity using a micropipette (sensitization by
nasal administration). Three weeks after initial sensitization,
20 plL of a physiological saline solution containing 10 mg/mL of
ovalbumin was instilled into each nasal cavity using a
25 micropipette to induce a rhinitis reaction.
[0269]

30 minutes after the induction of a rhinitis reaction,
the nasal cavities were washed under pentobarbital sodium
anesthesia. A nasal cavity washing liquid (phosphate buffered

30 saline containing 3 mM of EDTA and 10 pM of indomethacin) was
flushed using a Peristaltic Pump (Gilson, Inc.} in the direction
from the trachea to the upper respiratory tract at a flow rate of
1 mL/min, and the liquid flowing out from the nasal cavities was
collected for 1 minute. The collected liquid was centrifuged to

35 separate the supernatant as the nasal cavity washing fluid. The



-83 - CLAIM5S [Caim 1] A piperazine conpound represented by FoLnula (1) or
a 5 salt thereof, wherein X represents CH or an N atom Rl represents Cl-6
al kyl; 10R2 represents Cl-6 al kyl that may have one or nore substituents,
C2-6 al kenyl that nay have one or nore substituents, - (C=0)-N (R3) (R4)
or R3 and R4 are the sanme ogydifferent, and each represents
hydr ogen or Cl-6 al kyl that may have one or nore 15 substituents; or R3 and

R4 taken togetheramidh & Pebbogentiat omshe whi oty RéisandgRélate vatst ached, may
forma saturated heterocyclic _group dr ogen

: , up; and _ R h
or Cl-6 aldeperthaed itsintape Bh %%tn9¥85§ﬁﬁ§?$@ﬂbﬁF§M8% gf&[%éﬁh%%ﬁm%tlaim
2] The pi pRgJd bgg)ponpound according to claiml1l or a salt thereof, wherein

X represen&z70} or an N atom 25R1 represents nethyl or ethyl;

L5} The test compound (30 mg/kg) was orailly administered 1

hour before induction of a rhinitis reaction. A formula to
calculate the rate of decrease in PGD2 in the nasal cavity

washing fluid is shown below.

10 Rate (%) of decrease in PGD2 in the nasal cavity washing fluid =
{ (PGD2 concentration in the control group - PGD2 concentration in
the compound-administered group) + (PGD2 concentration in the
control group - PGD2 concentration in the normal group) } x 100
[0271]

15 8 or more cases were obtained from each group to
determine whether exoression of the PGD2 production inhibiting
action occurred, and the PGD2 concentration in the nasal cavity
washing fluid was compared between the control group and each
compound-administered group. Table 2 shows the results. When the

20 significance level was below 0.05, the action was considered to
be present and indicated by a symbol (*) in the table. Reference
Example 18, known as an H-PGDS inhibitor, was used as a positive

control substance.

[02723
25 Table 2

Compounds Rate (%) of decrease in PGDZ in
the nasal cavity washing fluid

Example 5 88.0*

Reference Example 18 77.0%

Reference Example 12 7.9

Reference Example 13 3.9

Reference Example 14 26.6

Reference Example 15 -27.4

Reference Example 16 -38.1

Reference Exampie 17 31.0

[0273]



R2 represents Cl-3 al kyl that nmay have one or nore carbanoyl or unsaturated
het erocyclic groups as substituents, propenyl that nay have one or nore
car banoyl groups as -84- substituents, -(C=0)-N(R3) (R4), or -(0=0)-0R5;
one of R3 and R4 represents hydrogen and the other represents 01-6 al kyl
that nmay have one or nore saturated or_gfsaturated heterocyclic groups as
substituents; or R3 and R4, 5 taken together with a nitrogen atomto which
R3 and R4 are attachggdorfmyg (18 MRy reehi€h nyl Tapiperj dimylcompbpedazi nyl ,
and norpholino; and RS represents hydrogen, nethy|, ethyl, tert- yl, or
benzyl . 10-HeCpararB} Iﬂﬁ@q&lﬁéré&@%ﬁ?ﬁﬁ@nﬁoﬁﬁﬁed%%d#ﬁ?ﬁ68¥oi%léhﬁna%52r 2 or a
sal t therec%;n’ce)g{ﬁf%gi&? éj{nﬁ%@s%t%a@"o@ RaPe Nt OMxakpRE 1@P(EaaRts nethyl;
R2 represents .. 3 alkyl that may have any one of nnrgholln%é%rbano | and
triazol yl gmpepsdashave wbisnitieart differoncreRe) IPREPILEFSL( GSOFIBRES and
the triazalyl v [ 0 palkyl Becsisidt geat§ nA0amewos R3
and R4Breg¥%@§ﬁ?é Egd&%g&ﬁd§ﬁ8&§%g§;fﬁer .

significant decrease in the PGDZ concentration.



represents 01_3 al kyl that may have one or nore norpholino or pyridyl
groups as substituents; or R3 and R4, taken together with a nitrogen atom
to which R3 and R4 are attached, may fotm norpholino; and 25R5 represents
hydrogen. [Cl ai m 4] The piperazine conpound according to any one of clains
1 to 3 or a salt thereof, wherein 30X rgpresents CH, Rl represents mnethyl;
R2 represents linear Cl. 3 alkyl that may have any one of 1,2,3-triazolyl,
1,2,4-triazolyl, and 3,5-dinethyl-1, 2c4aTisi azolyl as a substltuent
-(C:O)-N(RB) (R4) or -(0=0)-0R5; 35R3 and R4, taken together with a
nitrogen atomto which -85 R3 and R4 are attached, may form norphol i no;
and R5 represents hygﬂ% Clain15] 5The pi perazi ne conpound or a salt

t her eof according t a|n1 selected fromthe %roug consistin% of :
4-(4-(4-((1-nethyl pw pabe2ayine caniponyd) rgpresented by Formula (1) or a

pi per azi nec i peridin-l-yl)-benz03c acid,
4-((1- %ﬁyggn¥ %Pyl) carbonyl)-N-(1-(4-(pyridin-3- 10
ylnethylcarbannyl)phen 1) pi peri di n-4-y1)-1-pi perazi necar boxam de,

4- ( (I - met hyl pyrrol - 2-R
nor phol i noet hyl car banoy

wherein
X represents CH or an N atom;
R' represents Cj-¢ alkyl;

10 R? represents Ci¢ alkyl that may have one or more
substituents, Cs.¢ alkenyl that may have one or more substituents,
—(C=0)-N (R%) (RY), or -(C=0)-0R’,

R3 and RY are the same or different, and each
represents hydrogen or Ci-s alkyl that may have one or more

15 substituents; or R® and R taken together with a nitrogen atom to
which R® and R® are attached, may form a saturated heterocyclic
group; and

R®> represents hydrogen or Cig alkyl that may have one

or more substituents or aralkyl.

20
[Claim 2]
The piperazine compound according to claim 1 cor a salt
thereof, wherein
X represents CH or an N atomy;
25 R! represents methyl or ethyl;

R? represents Ci.a alkyl that may have one or more
carkamoyl or unsaturated heterocyclic groups as substituents,

propenyl that may have one or more carbamoyl groups as



4-((1-methyl pyrrol -2-y1)-carbonyl)-N-(1-(4-(4- 15
nor phol i nyl car bonyl ) phenyl) - pi peri di n-4-y1)-1- pi perazi necar boxam de,
4- ((1-nethyl pyrrol -2-y1)-carbonyl)-N-(1-(4-(1-
pi peri di nyl car bonyl ) phenyl) - pi peri di n-4-y1)-1- piperazi necarboxam de,
204- ((1-nethyl pyrrol - 2-y1)-carbonyl)-N-£1-(4-(1-
pyrrolidinyl car bonyl ) phenyl) - pi peri di n-4-y1)-1- piperazi necar boxam de,
& ({2 et i Eadi s Y L) G b e (ol doib20( 105
triazol - ‘Phenyl % pi per| di'n-4- 1) 1- 25 pi perazi necar boxam de,
4-((1- rret hylpyrrol 2ngl p£CRt boay R) mp@@s(smts§ gnxq;oge@_ and the other
triazol - pr o Y ) er am de,
et AR SRy s BRSSP i W iestati nseas b
di met hy1- ]udéagutétedOﬁeﬂenﬁﬁycniopgtgugﬁﬁ@ﬁy$yb§¢¥ﬁﬂﬂnﬁsﬁ @ryﬁj_apd RY,
pi per azi necar boxam
4-((1- ﬁ%tfﬁﬂ FBQQgh?ﬁJW%E§r80H§E§°$$Q:Ptﬁﬂ'E% YH} é{ and R* are
triazol -1- ycjg-)adg@gpyﬂay phemy by rpbbediiin- 4}1péi1d1n3dt,pen@2mnecwbo>e@ﬁl\ de,
354- ((1- net hylp%rrol C){/1) carbOnyl)-N-(1-(4-(3-
morph ino;
R’ represents hydrogen, methyl, ethyl, tert-butyl, or
benzyl.

10

[Claim 3]

The piperazine compound according to claim 1 or 2 or a
salt thereof, wherein

X represents CH or an N atomy;

15 R! represents methyl;

R? represents Ci-3 alkyl that may have any one of
morpholinocarbamoyl and triazolyl groups as a substituent, -
(c=0) -N(R%) (RY), or —(C=0)-OR’; and the triazolyl may have one or
two Cig alkyl as substituents; _

20 one of R® and R' represents hydrogen and the other
represents C;-3 alkyl that may have one or more morpholinc or
pyridyl grcups as substituents; or R® and R?, taken together with
a nitrogen atom to which R®> and R® are attached, may form
morpholino; and

25 R® represents hydrogen.

[Claim 4]

The piperazine compound according to any one of claims
1 to 3 or a salt thereof, wherein

30 X represents CH;

R! represents methyl;

R? represents linear C;-3 alkyl that may have any one of
1,2,3-triazolyl, 1,2,4-triazolyl, and 3, 5-dimethyl-1,2, 4-
triazolyl as a substituent, ~{C=0) =N (R%) (RY), or -(C=0)-OR’;

35 = and RY, taken together with a nitrogen atom to which



- 86- nor phol i no- 3- oxopropen-1-y1)-phenyl)-pi peridin-4-yl)-1-

pi per azi necar boxam de, 4-((Il-nethyl pyrrol-2-yl)-carbonyl)-N(1-(4-(3-

nor phol i no- 3- oxopr opy1l) - phenyl) - pi peridi n-4-y1)-1- 5 pi perazi necarboxani de,
6-(4-(4-((1-met hyl pyrrol -2-yl)-carbonyl)-1-

pi perazi necar banoyl) - pi peridin-1-Yl)-nigetinic acid,

4- ((1-nethyl pyrrol -2-y1)-carbonyl)-N (1-(5-(4-

mor phol i n)ﬁi!¢§ﬁ@%¥££<9¥£ﬁﬁ’dd%e% Yi’a}a PE®RE in@irphdl ydd s landlO
plpera2|necarboxan1de 4-( 1-eth g pyrrol -2-y1)-carbonyl)-N(1-(4-(2-

nDrphollnoethylcarbéhn@¢9ﬁﬂﬁ9@¢f) PEPRII I n- 4-y1) - 1- pi perazi necar boxami de,
and 4-((1-ethyl pyrrol-2-yl)-carbonyl)-N(21-(4-(2-(1,2,3- 15

triazol -1-yl)-ethyl)-phenyl)-piperidin-4-yl)-1- piperazinecarboxanide.
[Caim6] A phanuacd@firdal Stonposition conprising an effective 20 anount of

at | east one of the n C o. cl.ai 1 or "
geutlca||y acgﬁﬁpgﬁﬁ 9&2 %5 BQn? o £l i + 1t h@r&cPlaccording to

phar ma é sa reo and a pharnaceutically
accept abl exicamr lleseleécﬁea:i Aréh QEA @I@&I aghahdt inD ak/nt hase i nhi bi t or

T o8- Ry Ll TEEL pORp Ry L gy one of lai
plpera21necarbamoyl piperidin-1-yl)-benzoic acid,
4- ( (l-methylpyrrol-2-yl)-carbonyl)-N-(1- (4= (pyridin-3-

10 ylmethylcarbamoyl)phenyl)—piperidin—4—yl)—1—piperazinecarboxamide,

- { (1-methylpyrrol-2-yl)-carbonyl) -N- (1 —(4-(2-
morpholinoethylcarbamoyl)—phenyl)—plperldln—4—yl)—1—
piperazinecarboxamide,

4—((l—methylpyrrol—Z—yl)wcarbonyl)—N—(l-(4—(4—

15 morpholinylgarbonyl)phenyl)-piperidin—4—yl)—l—
piperazinecérboxamide,

4—((1—methylpyrrol—2—yl)~carbonyl)—N—(l—{4—(l—
piperidinylcarbonyl)phenyl)~piperidin—4—yl}~l—
piperazinecarboxamide,

20 4—((1—methylpyrrol~2—yl)—carbonyl)fN—(l—(é—(l—
pyrrolidinylcarbonyl)phenyl}—piperidin—4—yl)—1—
piperazinecarboxamide,

4—((1—methylpyrrol~2—yl)—carbonyl)—N—(l—(4—(2—(1,2,3—
triazol—l—yl)~ethyl)—phenyl)~piperidin—4—yl)-1—

25 piperazinecarboxamide,

4—((1-methylpyrrol—2-yl)—carbonyl)-N—(1—(4-(3—(1,2,4—
triazol—l~yl)—propyl)—phenyl)—piperidin-4—yl)alw
piperazinecarboxamide,

4m((l—methylpyrrol—2fyl)—carbonyl)—N-(1—(4~(3—(3,5“

30 dimethyl—l,2,4—triazol—lﬂyl)—propyl)—phenyl)—piperidin—4—yl)—1~
piperazinecarboxamide,

4—({l—methylpyrrol-Z—yl)-carbonyl)—N—(l-(4—(3~(1,2,3—
triazolﬂl—yl)—propyl)—phenyl)-piperidin—4~yl)—1—
piperazinecarboxamide,

- 35 4—({1-methylpyrrol“2—yl)—carbonyl}-N—(1—(4-{3—



phaLmaceutically acceptable carrier. 30[Claim8] An agent for preventing or
treating a disease associated with prostaglandin D2 or a netabolite

t hereof, the agent conprising an effective amount of a conpound accordi ng
to any one of clains 1 to 5 or a pharmaceutically acceptable salt 35
thereof, and a pharmaceutically acceptapke carrier. -87- [Claim 9]

The agent according to claim8, wherein the di sease associated with

prost agl ang]BnB2: Q5- & dRiAReEht 8-¥5) -Hhetlyll @i geridinseage) - i nf | ammat ory
di sease. [ aim 10] _ A method for treating a di sease associ at ed
wi t h prostrgeandi neEPrinxagifer abolite thereof, conprising 10 adninistering
to a patient in neegl,qf(lsﬁ[glghﬂﬁaﬁtr@ng_ﬁm effreeiiyve-RApuht4-of3-a pi perazine
conpound represented by Formula (1) or a salt thereof _wherein 15X

r epr esent suc@ighot ian-MetaamopRl) refpresendrer i @inrdkil) "R represents Cl-6

al kyl that_. hay .mpre substituents, C2-6 al kenyl that may have
one or%norpelp?éﬁ‘sz?f“ cRftrms 20))-N(R3) (R4), or -(0-0)-0R5, 20R3 and R4
are the sane or dif feer(@nt(4-antresdty lpgpresedt sl )ny@rbgeil bt T1- 6 al kyl t hat

may have one or nore_substi.tuents:.or R3 and +1aken iggether with a
ni t rogen ﬁ%@&%ﬁ?@%ﬁpy&ﬁdpﬁﬁg%%{%ﬁa’g ea,%ar)rayl%f or mlagsatur at ed
het erocyclic group; 4nd1l-methylpyrrol-2-yl)-carbonyl)-N-(1-(5-(4~

morpholinylcarbonyl)pyridin—Z—yl)—piperidin—4—yl)-1—
10 piperazinecarboxamide,

4-( (1-ethylpyrrol-2-yl)-carbonyl)-N-{1-(4-{2-
morpholinoethylcarbamoyl)phenyl)~piperidin~4-yl)—l—
piperazinecarboxamide, and

4—((1—ethylpyrrol—2—yl)ﬂcarbonyl)-Nm{l—(4—(2-(1,2,3—

15 triazol-l-yl)-ethyl)-phenyl)-piperidin-4-yl)-1-

piperazinecarboxamide.

[Claim 6]
A pharmaceutical composition comprising an effective
50 amount of at least one of the compounds according to claims 1 to
5 or pharmaceutically acceptable salts thereof, and a

pharmaceutically acceptable carrier.

[Claim 7]
25 A prostaglandin D synthase inhibitor comprising an
effective amount of a compound according to any one of claims 1
to 5 or a pharmaceutically acceptable salt thereof, and a

pharmaceutically acceptable carrier.

30 [Claim 8]

An agent for preventing or treating a disease
associated with prostaglandin D2 or a metabolite thereof, the
agent comprising an effective amount of a compound according to
any one of claims 1 to 5 or a pharmaceutically acceptable salt

35 thereof, and a pharmaceutically acceptable carrier.



25R5 represents hydrogen or Cl-6 al kyl that nmay have one or nore
substituents or aralkyl. [Claim211l] -88- The nmethod according to claim 10,
wherein the di sease associated with prostaglandin 02 or a netabolite
thereof is an allergic disease or inflammtory disease. 5[ C aim 12]

A pi perazine conpound represented by Fogaula | or a salt thereof for use in
the treatnment of a di sease associated wth prostaglandin D2 or a netabolite
thereof 10 wherein X represents CH or an N atom Rl represents Cl-5 al kyl;
R2 represents Cl-6 al kyl that may have one or nore substituents, C2-6

al kenyl that may hav€lea® B nore substituents, 15-(C=0)-N(R3) (R4), or
-(C=0)-0R5, R3 and a e - LfEelents, B¢ Nt HEeRIigsasE S
hydrogen or Cl 6 aIE&F %ﬁg%Pﬁ%y a&gboﬂ% %%h%gﬁé gﬂggfipuents; or R3 and
R4, taken dsegetheedwith anoistrogendit 4 s ahhelrlRS ldsd IR42Ar2l HH9aEhed,

may form a, saturated. heterocyclig. roup; and R5 represents
hydr ogén SFSEESE kaﬁwﬁiﬁﬁﬂﬁ%ééy ﬁﬁ%%ﬁgﬁe or nore substituents or aral kyl .
[Claim13] 25Use of a piperazine conpound represented by Formula | or a

salt thereof for treatin i sease associated with prostaglandin D2 or a
met abol i t e t her eof R0 Bof
A method for treating a disease associated with

prostaglandin D2 or a metabolite thereof, comprising
10 administering to a patient in need of such treatment an effective
amount of a piperazine compound represented by Formula (I) or a

salt thereof

2
R =
P
LR
N N
HQ N\
N
o R' (1)
wherein
15 X represents CH or an N atom;

R* represents Ci-s alkyl;

R? represents Cis alkyl that may have one or more
substituents, Cz alkenyl that may have one or more substituents,
—(C=0}-N (R®) (R*), or -(C=0)-OR’,

20 R® and R® are the same or different, and each
represents hydrogen or Ci-¢ alkyl that may have one ¢r more
substituents; or R® and R*, taken together with & nitrogen atom to
which R® and R® are attached, may form a saturated heterocyclic
group; and

25 R® represents hydrogen or Cie alkyl that may have one

or more substituents or aralkyl.

(Claim 11]



-89- wherein X represents CH or an N atom RI- represents Cl-6 al kyl; 5R2
represents Cl-6 al kyl that nay have one or nore substituents, C2-6 al kenyl
that may have one or nore substituents, - (0=0) -N (R3) (R4) , or - (0=0)
-0OR5, R3 and R4 are the sane or different, and each represents hydrogen or
Cl-6 alkyl that nay have one or nore 10;substituents; or R3 and R4, taken
together with a nitrogen atomto which and R4 are attached, may form a

saturated heterocyc s 1 o
may have one or mrgh%u%é%eﬁ%@?ng?? %3%&% L0y drges 0 h@1absdd sey at

associated with prostaglandin D2 or a metabolite thereof is an

allergic disease or inflammatory disease.

5 [Claim 12]
A piperazine compound represented by Formula I or a
salt thereof for use in the treatment of a disease associated

with prostaglandin D2 or a metabolite thereof

10 wherein

X represents CH or an N atom;

R' represents Ci-¢ alkyl;

R? represents Ci-¢ alkyl that may have one or more
substituents, Cp.¢ alkenyl that may have one or more substituents,

15 -(C=0)-N{R®) (R%), or -(C=0)-OR®,

R3 and R? are the same or different, and each
represents hydrogen or Ci;-¢ alkyl that may have one or more
substituents; or R’ and R?, taken together with a nitrogen atom to
which R® and R! are attached, may form a saturated heterccyclic

20 group; and
R® represents hydrogen or Ci alkyl that may have one

or more substituents or aralkyl.

[Claim 13]

25 Use of a piperazine compound represented by Formula I
or a salt thereof for treating a disease associated with

prostaglandin D2 or a metabolite thereof



—-80—

o (1)
wherein
X represents CH or an N atom;
R' represents Ci-¢ alkyl;
5 R? represents C;-¢ alkyl that may have one or more

substituents, Cz¢ alkenyl that may have one or more substituents,

- (C=0)-N (R%} (R"), or -(C=0)-OR’,

R?® ang R? are the same or different, and each

represents hydrogen or Ci-¢ alkyl that may have one Or more

10 substituents; or R’ and R*, taken together with a nitrogen atom to

which R® and R® are attached, may form a saturated heterocyclic

group; and

R®> represents hydrogen or Cie alkyl that may have one

or more substituents or aralkyl.



