-1- DESCRIPTION Title of Invention: PIPERAZI NE COVPOUND CAPABLE OF

| NHI BI TI NG PROSTAGLANDI N D SYNTHASE 5 Technical Field [0001] The
present invention relates to a piperazine conpound or a salt thereof, and a
pharmaceutical 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, inflammtory di sease, and
nyodegenerati ve di sease due to its ESERGPBIEN I prostaglandin D synt hase

inhibitin act | ckqgr 09

(PGD2) isg?h |%&iln§eB§F§g %ﬁﬁgFﬁ?&%#o ucOND %%égé in gk ﬂﬁ%rgest
anmount s byPRnﬂmAGnaNDENaDt$KNMHH$Eby t he bi ndi ng of antigens wth

i mmunogl obulin E (NFL 20 1), and is considered to play an inmportant role in
the elucidation of allergic reactions. PGD2 is detected at high

concentr attéhriiraanrasthmati c' s bronchoal veolar fluid (NFL 2), and it was
reported thﬂﬁnﬁronchoconstriction was i nduced by prostaglandin D2

i nhal at i onl§ sthmatic patients but not healthy 25 subjects (NFL 3).

[ 0003] OrHderakhae banshtiytreasessthata gﬂ@@&éh@n@%@b@d

referred to as prostaglandin D syntheses. Two different ty
hemat opoi 2% & piedst ABFafdtn qﬁds@npﬁag@a%%tlmaaoéampﬁ%w @@nﬁﬁég%w andi n

D synt haseypang Jeiauink Ocsidiing BED2apar th&iRat 88 hA aéﬁ@%%tgr@aﬂent
exacer bati on of various.di seases, including allergies, and in"the

r egul dQor yanﬁecmmagmcaiamécq)@dy agener @br@,e‘@mmﬁc@mfﬂ @altrgrépag at i ons
that can app : ; S %3&%%89 age &%£§i eﬁ ) §f0) veryef fective
in the treatﬁ% 2 3§l§§g§§rfbus Seasds. =< -'[%§84 Y e&éﬁe vIs-iurran
hemat opoi edisegmeostuggtandis @nm@hasésc(@;ma@laadénr@i simychaiset ri but ed

t hr oughout l.acen ung, fetus liver, |ynph node, brain, heart,

t hynus, boﬁ%gﬁngﬁo%'agﬁﬁoépleen 5 Nbreover at the cellular level, they
are reported to be expressed in mcroglia in the brain, negakaryocyte, and
Langer.hans_cel | s i skin; Kupffer cells in the liver; nacrophages; and
nmany tldgh%EF: Q§tkﬁg cell's such as dendritic cells, mast cells, and Th2
cells. 10[ pofis]] Moreover, fromthe fact that H PGDS are highly
expressed in nmast ce i nfl ammat o | I s af, nasal_. nucosa |n a iC
T, of nasal ERSUSSLARRoNEe BGRA! 1% thd  RBEL UGG nattistes
produced byrddRaS phaysreAras@Por ianttheol eaifedd Lheupdsetoyantagxaceyinati on
of aIIerglc di seases, such _as gsthnma, rhinosinusitis, dermatitis, _and

chroni ¢ obRFHIEANSHe Ul shdryrtirgesde (NPOENS FAFRNAFTURARIRAEs & oWEST

H PGDSd s cpnfigged i thesneeragediparp1Hf kel ekl riugel exold WH chikhe
expression of H PGDS does  not general ly occur (NPL5). For this reason, it

i s 20 suggekicifatien peb alleagésd BRAE et offth%et L6 pRY@@candt n 3ok
synthase pasii&idalasnl find'a?:?aégﬁhﬁ%%%%é%atﬁéwgrd%ﬁﬁgﬁ (weeh 83

muscul ar dystrophy, anyotrophic lateral sclerosis, nmultiple scler05|s
ul cerati veardl iiti swag hetapersed arhat | PrenchpeerHigmitdopbstaucindaced t & al

di sease ( ]gtg nglap%qg%z mhalatlo%m%%fc%stl q% $ERES L Hh{:%eéﬁ: Y

expected t I'cation as a pharnmaceutical preparation t isu
as an zigensulhprctr eW@Rt Bhg and/ or treating di seases such as allergic
di sease an?oédgfannatory di sease in which PG)2 produced by a

On the other hand, synthases that generate PGDZ2 are
referred to as prostaglandin D synthases. Two different types,
hematopoietic prostaglandin D synthase and lipocalin-type

30 prostaglandin D synthase, are known to exist. PGD2 participates
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

35 of various diseases.



30 hemat opoi eti c prostaglandin D synthase or netabolite thereof
participates, and nuscle necrosis and traumatic brain injury. [0007] There
are sonme reports on an HPGDS inhibitor (for exanple, PTL 1 and 2), and
Patent Literature 3 discloses an H 35 PQADS inhibitor having a structure
simlar to that of the conpound -3- of-the present invention. In addition,
pi per azi ne conpounds have been w dely studi ed as useful pharnacol ogi cal
agents in puxii4]ion to H PGS inhibitors. [0008] 5Patent Literature 4

di scl oses as a hedgehog si.gnaling,inhibitor zi ne_.co ng a
furyl carbonyl pipe&%?%ﬁb GSP%?%Fl?%Rﬁﬁﬂtqgiﬁggg?u eSETHESS os@FEEBm}
range of pé:f@rneeziinrlg GOBPOUSES RS heRUpRUAEStid gildorheaaclung t hfquisadsiven
channel s. 10[ Q009] Patent Literature 6 discl oses a rea_conpound

havi ng a ptfétaziReeri nyraid-a 6aPbundHEREu ?%?etF%%FPHg 2 s ERSESTn

whi ch fsat tyoaciwan de hyds ol @ase pakt i cbpat es.trks Cakat i 08pditsdd Pabenbe
Literature [ 0010] PTL 1: W02007-007778 PTL 2: W2007- 041634 20PTL 3:

WD2008- 1228 Bredd: Woonicysiddas AL sthwg]g;f%%?zmm FYORESB08- 624720

25Non- pat ent, 1&%&§tu6§ligo%}ﬂ NEL 1gp4)y, @Eﬁ@?ér1 éé%is 1§g7'@§§11ﬁ¥%§2)
NPL 2: N Eng. 9 315, 800-804 (1986) NPL 3: N Eng

209- 213 (mmo;g@nges 4an¢ir mhnY@@tWWesﬁéﬁéﬂNe@RliSm@mh 1@3 d@@%l?ee
(2007) NPL t 0 7-384 (2002) NPL 6: Am J Pathol .
oD SRR RO

174(5), mrary of I nvention 35Technical Problem
10 [CO05]

Moreover, from the fact that H-PGDS are highly
expressed in mast cells or inflammatory cells at nasal mucosa in
allergic rhinitis, or nasal polyps in chronic sinusitis, it is
thought that PGD2 produced by H-PGDS plays an important role in

15 the onset and exacerbation of allergic diseases, such as asthma,
rhinosinusitis, dermatitis, and chronlc obstructive pulmonary
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 is

20 suggested that PGD2 produced by a hematopoietic prostaglandin D
synthase participates in diseases accompanied by tissue damage,
such as muscular dystrophy, amyotrophic lateral sclerosis,
multiple sclerosis, ulcerative colitis, rheumatoid arthritis, and
chronic obstructive arterial disease (NPLG).

25 [000€&]

Therefore, an H-PGDS inhibitor is expected to find
application as a pharmaceutical preparation that is useful as an
agent for preventingiaﬁd/or treating diseases such as allergic
disease and inflammatory disease in which PGD2 produced by a

30 hematopoietic prostaglandin D synthase or metabolite thereof
participates, and muscle necrosis and traumatic brain injury.
[0007]

There are some reports on an H-PGDS inhibitor (for
exampie, PTL 1 and 2), and Patent Literature 3 discloses an H-

35 PGDS inhibitor having a structure similar to that of the compound



-4- [0012] The main object of the present invention is to

provi de a novel conpound that exhibits, at a | ow dose, a high inhibitory

ef fect on prostaglandin D synthases, and in particular, on HPGDS. 5[0013]

Anot her ancillary object of the present invention is to provide a nedicine
with few side effects and high safety, the nmedicine being effective, due to
its HPGS inhibiting action, in preventing and/or treating di seases

medi at ed hyf RER prasienh isvdit gemer b esHdiyciansy ptihasez ore netrgdeohndsehave

thereof. Solution to Prohlem [0014]_The .present inventors conducted, .
ext enei ve HRETb A EH 1gn STCLSiBa nIEC Hav I R PERET (VT g S 5hO™ and
found thatr@® oeek phipssarddwe conpound represented by Forrmula (1) has an
extrenely excellent inhibiting action on H PGDS. The inventors conducted
further rek¥%h and have acconplished the present invention. 20[0015]
The present inventi gRnevirdesratftoelagi e S Re RGN0 ahg
conposition, a prostaglandin D synthase inhibitor, and an_agent for
prevent i ngLEHEIGOTE r edt | RIPELARSBASeCPRPOMIEh M EdCagldandiwBe Ssarkonyt
met abol ite, p oF e i e WPRelazisAge
conpound repe:L res?gr%%gd%%b%%'as%ﬁ&?&%%%%w?%-g[%gy’l%l]&sv\%sé_ragi n%lgl i SEOI -6
al kyl ; of piperaRingscoigerunds B cemaPkydls tthat naperacek vwhHe @otmssaeun
substituenéga -(6=0)-N(R3) (R4), or -(0=0)-OR5; R3 and R4 are
t he sane or dqlnfefler'ent, and each represents hydrogen or 0l-6 al kyl that may
have dMe of00A#le substituents, or R3 and R4, taken together with a nitrogen
atom to which Patent Iiterature 6 discloses a urea compound having a
piperazine ring as a compound useful for treating a disease in

which fatty acid amide hydrolase participates.

15 Citation List
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10 R3 and R4 are attached, may forma saturated heterocyclic group; R5 is
hydrogen or 0Ol-6 al kyl that may have one or nore substituents; and nis 1
or 2; or a salt thereof. 15 2. The piperazi ne conpound or salt thereof
according to Item 1, wherein RL is nmethyl or ethyl; R2 is
hydroxy, 01-6 al kyl that may have one or4mrore 20 saturated or unsaturated
het erocyclic groups as substituents, (0=0) -N (R3) (R4) , or - (0=0) -OR5;
R3 and R4 Bb@&lZlhe sane or different, and each represents hydrogen or 01-6
al kyl that may have gne or. m)hgesf%lt u%j:thed or._un atureatt%%nhege{gc cl i@
groups as substituents 62 RS BRER T oget et h° a- Rt 0geR at om
to which FiB mxrédmlboapﬁu.ﬁﬁtﬁ@éte@xm&téprm Ry rliced iddiseylarl] rgiqmeﬁhﬁiihyt%r%

pi per azi ny and norpholinp; . R5 represents rogen, net

bthyl . tereLEtiyIoh GEOBERIVIRALNP SOMPESeo or il 51 BAR&LEPEF mAthdERRSound
or salts thpgeof) according to Item1 or 2, wherein Rl is nmethyl; 35R2 is
01-3 al kyl that nmay have norpholino, pyrazol %l O - 6- triazolyl as a
substituent, -(C=0)-MaEey RATLILLRLY EPRBRS: Ehe RYRSeNL APBEYT LGy Shabe

one or tV\D%%kbiSié UeRHSsine with few B3d@ndef¥htst ak@nnigoeddreyW the a
nitrogen atomto which R3 and R4 are attached, may folLut rmrphol'l no; 5R5

r epr esent SNeidtise Reingt alfectdiveet AYE; tantsh HFGRS anhipidisigpachzphe in
conpound : f is f e wherein 10R2
s et hyl PSR o e e P e Vv ey o of

1, 2, 3-40r i agerisptate®l bydaneyhistiase riveribebitd themgofor phol ino as a
substituent, -(C=0)-N(R3) (R4), or -(C=0)-0R5; R3 and R4,
taken together with a nitrogen atomto which 15 R3 and R4 are attached, nay
f or m nor phediuo;orRYor @poebdemt s hydrogen or ethyl; and

[0014]
The present inventors conducted extensive research on
15 compounds having an H-PGDS inhibiting action, and found that a
novel piperazine compound represented by Formule (I) has an
extremely excellent inhibiting action on H-PGDS. The inventors
conducted further research and have accomplished the present
invention.
20 [0015]

The present invention provides a piperazine compound, a
pharmaceutical composition, a preostaglandin D synthase inhibitor,
and an agent for preventing and/or treating a disease in which
prostaglandin D2 or a metabolite thereof participates as

25 described below.

1. A piperazine compound represented by Formula (I},
[0016]

o R' (1)



n‘is 2. 5. The piperazi ne conpound or salt thereof according to Item1 20
sel ected fromthe group consisting of:

N- (4- (4- hydroxypi peridin-1-yl)-phenyl)-4-((1-

met hyl pyrrol - 2-y1) - carbonyl) - 1- pi per azi necar boxam de,

4-((((1-nethyl pyrrol -2-y1)-carbonyl)-1--5-

pi per azi nyl ) car bonyl ) am no- 4- phenyl pi peri di ne- 4-carboxylic acid,

254- ((1-metdd1pyrrol - 2-y1) - carbonyl) - N- (4- (4- nor phol i n- 1-

yl - car bonyl eridin-1-yl)-phenyl)-1-pi perazi necar boxan de,

4-((1-nmeth %‘gﬁ%| -2-y1)-carbonyl) - N-(4- (4-

nor phol i nonmet hyl pi p@{% dlsneg.-syi])kﬁhenyl) - pi perazi necar boxam de,

4-((1-met hyl pyrrol-2-y1) - carbo g i{ 4- 30

triazol e-1-y1)-et hyllip&rsr BY@H‘? '1 Cyliﬁ) iﬁ@ }}atl ma[é(l BeTaz¢ e & BG%4ni de,
4- ((1- net hyhpw @lengsy 1) (€25 bqw&) ) (,4o(c4- ) —OR®;

nor phol i noet hyl pi peridin-1- phenyl) - 1- pi pera2| necar boxam de,

1- met hyI pyrrol - 2- %1)@%?%@\%%1@& gang o Aiffepent, Fpd each

ia

(

a

(

zol - %@::géé?ws) Rl Bkl %11%15) a@ﬁ?ﬂ%ﬁatl ma¥ Eaval HeS a%l peear boxani de,

1- rrethy pyrrol-2-y1)-carbon N-(4-(4-

ri azol - 1- %qliys@ttl’ﬂﬂn)tgvp@rl din-1-y1)- phenyl) 1- pi pera2| necar boxam de, 5

(
(
‘
(
(
(

1- net hyl pyrrol - £b l,él- . (w71t§13 tom to which
methyl -1, 2, 4-tri azol % P er§ n 1- y re%%;/eﬁ Apom e e
rdilneﬁﬁﬁmnkaﬁmxhe attached may form a saturated heterocyclic group;

e
(1ot hyl pyrr ol - 2591 £ORPORII AN - L1 PW 529 Ra¥d) 558 Tl hakger din

4-
tr

4-

t

4-

di

pi

4-

-1-

104- ((1- neﬁmémmre@ltsz yadi- car bonyl) - N-(4-(4-(3-(1, 2, 4-
tr

4

t

4

yl-

4-

y

2

ip
(

i azol -1-y1) - propyl %;I d| -1-y1)-phenyl)-1- piperazi necar boxam de,
-((1-met hyl pyrrol - %) é’Fb Ay1) - N- (4- (4-(3-(1, 2, 3-
ri azol - 1-y1) - propyl &;ﬁlape:fald:l rhérgd¥: phenyl) - 1- 15 pi perazi necar boxam de,
-((21-ethyl pyrrol -2-y1)-carbonyl)-N-(4-(4-norpholin-1-

car1b50nyl pi peri din-1-y1)-phenyl)-1-pi perazi necar boxam de,

((1- et hy| pyrid @ipéritingachtbs Nx( 4a(4-pieidrdiebedrding to Item 1,
| - car bonyl pi peri di n-1-y1)-phenyl) - 1-pi perazi necar boxam de,
04- ( (1 - meVRSTHVY r ol - 2- y1) - car bony1) - N- (4- (4- (4-
R' is methyl or ethyl:

R? is hydroxy, Ci-s alkyl that may have one or more
20 saturated or unsaturated heterocyclic groups as substituents, =
(C=0)-N (R%* (R*), or -(C=0)-OR’;

R® and R! are the same or different, and each
represents hydrogen or C;-¢ alkyl that may have one or more
saturated or unsaturated heterocyclic groups as substituents, or

25 R® and R!, taken together with a nitrogen atom to which
R? and R? are attached, may form pyrrolidinyl, piperidinyl,
piperazinyl, and morpholino;

R® represents hydrogen, methyl, ethyl, tert-butyl, or

benzyl; and

320 n is 1 or 2.

3. The piperazine compound or salt thereof according to Item 1 or
2, wherein
R! is methyl;
35 R? is Ci-3 alkyl that may have morpholino, pyrazolyl, or



met hyl pi perazi n- 1-yl - car bonyl ) pi peri di n- 1-y1) - pheny1l) - 1-

pi perazi necar boxam de,

4- ((1-nmet hyl pyrrol -2-y1) -carbonyl)-N(4-(4-(2-

nmor phol i noet hyl car bonyl ) pi peri di n-1-y1)-phenyl)-1- 25

pi per azi necar boxam de, and —6-

4-((I -met hyl pyrrol -2-y1)-carbonyl)-N (4-(4-(pyridin-3-

yl met hyl cardiamey k) papes i divatityudnt phermsD)—i-(pfpaazi cecar-ooxant dexnd 6.
A pharmaceutical conposition conprising an effective amount of 30 at |east
one of thdorpdaRALY ad&or dNg PBSIPere ™l SUESELEICHtr naceut i cal |y
acceptabl e salts thefeghg m)drakehafdRreaeldt Gathya acicepbahl gcemrid hich

7. A prostaglandin D synthase inhibitor conprising an effective 35 anpunt
of a conpdin@ndcRordrngttachad, 58Y SPTRIESRPRPIEHOS or a - 8-
pharmageutical |y acggpiablessald n/Rergat, @nghya, phar utizeal |y acceptabl e
carrier. 8. An agent for preventing and/or treating a disease in which 5
prostagl andin D2 or rail®efabol ite thereof participates, the agent conprising
an effective anount of a conpound according to any one of Itenms 1 to 5 or a
pharmaceutically acceptable salt thereof, and a pharnmaceutically acceptable
carrier. 190 TheThépageninacropding ¢o saldmtBerahératrondiagdieeary e whi ch
prostagl andi n.D2 o t |.ite thereof participates is an allergic

di sease, i?#:i%%%gt%rgoggkggggfagr nyodegenerati ve di sease. 15 10. A nethod
for paeventing and/ & tseatilng;a di sease in which prostaglandin D2 or a

net abol i te thereof rticipates, the t C rising adnmnistering, to a
manmal , a conpound g%cb?d?ﬁkf%i@ta#yeoaﬁkiﬁxﬁq%§g§a¥ 5 gﬁea%%unt
ef fective 1,ar, Prevepbiyy, @, s—Hdeaktngl+he di-sedsecl 20, khd weephdlineapound

according to any .one of ltens 1 teo or _producing _an agent for preventing
and/ or tré&atd &tHFEEasé&Fﬂ”WﬁﬂEH %ﬁgst% Vé&g{ﬂ'%ﬁ'br a metabolite thereof

participates. 25 12.r°ThgdCRAJP@HREN AE6EE W] whi @hanyn el htemstd Wi dh for
use in a nethod fpr preventing and/qr treating a disease in which
prost a§l arRii AnE2Rorre AbFaBetdt FhéPEBf MPERRG A4t es. Advant ageous Ef fects

of Invention 30[ 00185 represents hlB@oBERSSAtetiHMENERLAN provides a novel
pi perazi ne conmpound represented by the above Formula (1) or a salt thereof,

which is useful as & prfogt-agl andin D synthase inhibitor, and in particul ar
an HPGDS inhibitor. 35[0019] -9- The pi perazi ne conpound or a
salt thereof according to the present invention has excell ent H PGS

i nhi bi t or y5 actievipiperazine rapmePyindher, saithddeggofeacpreding e Item 1
antigen-in ed rhinjti P ; i,on inhibiting action in a
nasale‘Z@avig%f ﬁﬁg ?%% ?F%Bﬁﬁhgaggggéggop i:%b infiltration inhibiting
action, it is revealled(4Hdt-hyHeopypareazidie-¢oppbuplterorl )a4sdli-t her eof has

an excel |l ent_.nasal__congesiion i, nprovi t] i nophilic
i nf | anmat i B Thk) Ffﬁﬁg“%ﬁiT%ﬁ%?%%g§¥529?55%#%?¥#%?§F§§%h§¥?% strength test
using mdx mce, |ossi+n(ndsmeehsgipengiihd-yll6caeparkadblly i nproved, which

| nvent i on POGRAAGE BREbr AL T Ty A0 R A G e Lo A 86 heul ar
dystr gghy. 4- ({l-methylpyrrol-2-yl) -carbonyl)-N-(4- (4-morpholin-1-
yl-carbonylpiperidin-1-yl)-phenyl)-l-piperazinecarboxamide,
4-( (l-methylpyrrol-2-yl)-carbonyli}-N—(4- (4-
morpholinomethylpiperidin-1-yl) -phenyl}-l-piperazinecarboxamide,
4-( (1-methylpyrrol-2-yl)-carbonyl) -N-(4-(3-(2-(1,2,4-
30 triazole-1-yl)-ethyl)pyrrolidin-1-yl)-phenyl)-1-
piperazinecarboxamide,
4-( (1-methylpyrrol-2-yl)-carbonyl)-N-(4-(4-
morpholincethylpiperidin-1-yl)-phenyl)-1-piperazinecarboxamide,
4- (l-methylpyrrol-2-yl)-carbonyl)-N-(4-(4-(2-(1,2, 3~
35 triazol-1-yl)-ethyl)piperidin-1-yl}-phenyl)-1-



[ 0020] Thus, based on its excellent H PGDS inhibitory activity, 15 the

pi perazi ne conpound or a salt thereof according to the present invention is
useful as an agent for preventing and/or treating a disease in which PGD2
or a netabolite thereof participates, such as an allergic disease,

i nfl ammat ory di sease, and nyodegener ati ve-di sease, and is expected to have
ot her useful 20 effects. Description of Enbodi nents [0021] A piperazine
conpound retlreaserinedabyofprivd,a (1), 25[0022] [0023] wherein is Cl- 6

ﬁgrgléubég?iuents, ?C&@)Hﬁthi?iﬁﬁgﬁy'jg% 6?bﬂ%%L Egtgngx Q? @ég? e sane

or differettiazldlegth-ethyInefdpesedt a-bygrogerngt)01-6 al kyl that may have
one or nore, 5 substltueaég%ﬁé% R3 and R4, taken together with a
ni trogen aE%RﬁEQ¥%NﬁF§ﬁ ‘R4 are attached, may form a saturated

heterogyclic group; alsmamg;@gyfrr@x L6 @!akucbn),uhaJN—rray haye- g&-or nore
substituents; and 10n |s ; a salt thereof. The

pi per azi nedEEiiOUnd - 6f T?E%%ﬁ%%éﬂﬂ'0n9E%Y1dﬁ$E%Hﬁéﬂ £3Y# §#€§§ﬁﬂeﬁ‘by

Formul a (13ipd:SAneeAreyRghhaying both (N-al kyl 15 pyrrol-2-yl)carbonyl and
phenylanlnocarbonyl and i s a novel conpound not speC|f|caIIy di sclosed in

t he af orementi oned I¢Iéﬂaﬂ@ﬁéylPYKEEﬂ Fort) e%éﬁ%@@?lPﬁ¥éﬁr BTt &7 eviegod -
W2008/ 12 7 t hat
( %J%) B m@ﬁ%@éﬁm §- Fﬁ?gﬁs alL-iipRLaZi ASLAmANALS, tha

inhibit HP IS co t out a pi perazi ne conmpound
havi ngO( N- al kyl pyrr o= QJyﬁ?@hvbpﬁyrolwﬂnyﬂi-Csﬁb@mﬁﬁrﬁkd4rm4thé—Ebﬂbdund of

L b S A0, EA s B IR R Bxapl o5 descr | bed
piperazinecarboxamide,
4—((1~methylpyrrol~2~yl)—carbonyl)—N—(4~(4w(3~(1,2,3—
triazol-1-yl)-propyl)piperidin-1-yl)-phenyl}-1-

15 piperazinecarboxamide,

4-( (l-ethylpyrrol-2-yl)-carbonyl)-N- (4- (4-morpholin-1-
yl-carbonylpiperidin-1-yl)-phenyl)-l-piperazinecarboxamide,

4- ((l-methylpyrrol-2-yl)-carbonyl) -N-(4- (4-piperidin-1-
yl~carbonylpiperidin-1-yl)-phenyl)-l-piperazinecarboxamide,

20 4—( (l-methylpyrrol-2-vyl)—-carbonyl)-N-(4-{4-(4-
methylpiperazin-l-yl—~carbonyl)piperidin-1-yl)-phenyl)-1-
piperazinecarboxamide, '

- {(1-methylpyrroi-2-yl) -carbonyl) -N- (4- (4= (2-
morpholinoethylcarbonyl}piperidin-1-yl)-phenyl)-1-

25 piperazinecarboxamide, and

4-{ (l-methylpyrrol-2~yl)-carbonyl) -N- (4~ (4~ (pyridin-3-
yimethylcarbamoyl)piperidin-1-yl)-phenyl)-l-piperazinecarboxamide.

6. A pharmaceutical composition comprising an effective amount of
30 at least one of the compounds according to Items 1 to 5 or
pharmaceutically acceptable salts thereof, and a pharmaceutically

acceptable carrier.

7. A prostaglandin D synthase inhibitor comprising an effective

35 amount of a compound according to any one of Items 1 to 5 or a



25 the Exanpl es (Reference Exanples 13 to 18) of Patent Literature 3 do not
exhi bit PGD2 production inhibiting action in a nasal cavity washing liquid
in guinea pigs with antigen-induced rhinitis. [0026] 30Patent Literature 4
(W2007/ 054623) discloses as an inhibitor of hedgehog signaling a

pi perazi ne conmpound having a furyl carbogyl piperazine structure; however,

Patent Literature 4 is different fromthe present invention in that

(N-al kyl pyphiadnzcghirtaabonydcassedbila sher ddnpentyd efidtdhehpreseatitianldnt i on
is 35 limted to Eurgl carbonyl. Further, Patent Literature 4 is -11-

conpl et el VPSTIREFPIEbE8FT+HEPGDS i nhi biting action, [0027] Pat ent
Literature 5 (W99/007672) discloses a furyl carbonyl piperazine conpound,
a benzoyl pi perazi ne conpound, etc., 5 Zs a conpound that interacts with a

pot assi um ha¥h&genFohey rrevsattdhe AP ae 15 doRsIHaSE <8 BREh

conpourd havd g0 Nabky! BYré0la deyhhbe i BOMHer@S Babhec ANt tEONRead, and
is conpletely si'lent about H- PGDS inhibiting action. [0028] 10Patent
Li t er at ur eCBRUAGLOO8AD 287F L idies eMpyes @k & COHRPBUARCRBIUINSf 6P FReahg

di sease asgpojahed W thsfat ty Achd.aohde.hvdr al-ass:an14 € 1G0RRAKEL: having a

pi peridine ring. However, Patéent Literature 6 does not disclose a conmpound
havi ng ( Netty|gppheshageyt esklhoagcensabhe tdrrgegsent conpound, and is 15
conpletely silent about H PGDS inhibiting action. [0029] As
shown in the Test Exanples bel ow, a piperazi ne conpound having no

(N- al Kyl py? r dihe? agieht aaborndingx lriobiltsma$ nogte red nHE PEDSL sedwchiini ngictt i on.

20[ 0030] Exanpl es _of,."substituents; in_th re cifJj cation_ include
hal ogen, H%H%%f§ﬁa€95 oﬁgﬁﬁiFbFE%FE9F}t%d@%§§ﬁ§§?§§f$@%%%ﬁ%§aﬁﬁy ?

cycl oal kyl anldeylic aiakkyé, alfenphioalkghydasal kaxyyotedagamadlkoxy,
cycloalkoxx, cycl oal kyl - al koxy, aral kyl oxy, 25 al kylthio,
cycloalkyl-%ﬁ%%%%ﬂﬂ o, am no, nono- or di-al kylam no, cycl oal kyl -al kyl am no,
acyl, acyl oxy, oxo, carboxy, al koxycarbonyl, aral kyl oxycarbonyl, carbanoyl,
saturated or unsaturated heterocycli oups, anonatiéih dr ocar bon,

cat ur dfed Hot dt FEFEPGXS OB AR SRS TRAACS Udieat 10808t <18 BREnt . the

30 nunber %f@%ﬁ%&la&ﬁiEYEﬁcé%|a/mbthﬁo§itéoﬁﬁﬁﬂeoﬁ participatdd]} the method
substituents, exanples of hal ogen include chlorine, brom ne, fluorine, and

i odi ne. [003WrizEng eABIBLHRTHNGNtS, 2P G2 or ShaCBEEAI AGACTA4Ng.- §9.

any one of Items 1 to 5 in an amount effective for preventing or
treating the disease.

20
11. Use of a compound according to any one of Items 1 to 5 for
producing an agent for preventing and/or treating a disease in

which prostaglandin D2 or a metabolite thereof participates.

25 12. The compound according to any one of Items 1 to 5 for use in
a method for preventing and/or treating a disease in which

prostaglandin D2 or a metabolite thereof participates.

Advantageous Effects of Invention
30 [0018]

The present invention provides a novel piperazine
compound represented by the above Formula (I) or a salt thereof,
which is useful as a prostaglandin D synthase inhibitor, and in
particular an H-PGDS inhibitor.

35 [0019]



pteferably a straight or branched Cl-6 al kyl group or a group in which one
to all of the hydrogen atons of the al kyl group is substituted with hal ogen
descri bed above. Exanpl es thereof include alkyl groups such as nethyl,
ethyl, n-propyl, isopropyl, 5 n-butyl, isobutyl, sec-butyl, tert-butyl,
pentyl, and hexyl, and hal ogeno al kyl greups such as trifluoronethyl.
[0033] In the substituents, cycloalkyl is preferably a C3_7 cycl oal kyl
grorp, andlexanplesiﬂhe@&péréntmeuhbmppuhdponpyIsaIMthycboﬁuquqrding to

cycl opentyl, cycl ohexyl, -and cycl oheptyl . 0 i Ln.th ,
subst i t uent' FPEFBAl %YQ%W ¥‘ia§ ﬁ?‘g?ﬁreéﬁ ??‘%éb,‘i-%n}gﬁ(lﬁoré’r 8ﬁ%£‘§lﬁt%tlint ut ed
Wi t Ih C3-7 f_ﬁ/{%ﬂﬁﬂ?' ml/%the&nfl sghaar@@ﬁ;]éfgi@@f ?qﬁﬂnlameigeweﬁnﬁnowlrmmmﬁs

cycl opropyl e , cycl obut yl net hyl, cycl opentyl net hyl ,. and,

cycl ohexy ﬁ%ﬁ?t“hilﬂ-.PGPéo@%?dW‘flt% lgﬁbéﬁ%feﬁe/ R ORy felﬁl k31 H%I%lpFéfféF%bl y a

strai gt ofadiidchedufd £hdldodingppupi § ubstilttutedomi 1dhidbi€8ngdast Dimt i C
hydrocarbon group, and exanples thereof include benzyl, 20 phgn¥le% |,
pheny! pr opit ,1shasHepyeAetdt then@ingphtig claprunflopia salt thereo n%ast he
substi tue r§1e;§4e‘i%}{£ h8s P ARIARRLY R GRooalnkenyt i 8 oy @Rl AbPhITI @

car bon- carbon doubl e bond, and "exanpl es 't hereof include vinyl, allyl,

met hyl vi nylnfigmosenph, insi ey BCtpent e thasd Hexedprel fop3yyip

| n the SubsildiRA Sesfl by nck REELET ALY & GRsf18! kyftlgedr @up containing
a carbon-cafrbo trlpFe ona, and exanpl es thereof incl ude et hynyl and
propargy| . r&t4:0088)y improved, whikch fhdicaist ithagntbe pimenaripe compound

hal ogenoal koxy i.s , pteferabl st r.al o] e - I r

t he al koxyoﬁr%usﬁaécuib_‘g?f: %Jl?e%f %Q%&%gg%%%n{%&n%ﬂﬁgegs%Soe\?fel?i an ygg%np egg

t her eof i nejatleyeretrhoxye @idenes, suphopsxyisdsepr dpekyopHy. 35

nethylpropg ¥s n- but oxy, i sobutoxy, tert-butoxy, 2-nethylbutoxy, -13-
neopentyl o @,(Hentan-z-yloxy, fl uor onet hoxy, difl uoronethoxy,
trifluoromethoxy, ITHusli fdaserioehhoky,e:2-1énk| HoPEGRS hioky pi2pPy2activity,
trifluoroethoxy, 1,1,2, 2-tetraf] uoroethoxy, perfluoroethoxy e

[ wor d%- (RO mEERyTS - FrOORY: OF. 3 GRPF LIS op Aot gre 4he 5

2,2,3, 3, 3-peadaid uerent:oh opoXysefQ038] an agent for preventing and/or

treating a disease in which PGD2 or a metabolite thereof
participates, such as an allergic disease, inflammatory disease,
and myodegenerative disease, and is expected to have other useful

20 effects.

Description of Embodiments

[0021]
A piperazine compound represented by Fermula (I),
25 [0022]
AR
N N
N
o R' (1)
[0023]
wherein

R! is Ci.g alkyl;



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. 10[0040] In the substituents,

cycl oal kyl -al koxy is preferably a Cl-6 al koxy group substituted with C3_7
cycl oal kyl, and exanpl es thereof includgopeycl opropyl nmet hoxy,

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

cycl ohexyl met hoxy. 18] @84A}dtoryt,h€; Subsky udmntts magl kyve hire iog poeéerably a

strai ght or branched Cl-6, alk hi o .group, and.exappl es thereof include
nethylthid?ﬂﬁﬁﬂfPFﬂgﬁf ﬁgﬁ%%ﬁéh%hi&?QYSBErogggph?),’n-butylthio,
i sobutyl thio, sec-but®ybhbi R, arer thbusard rodipestyht hiamd aadh20 hexyl t hi o.

[ 0042] In the substituents, cy%loalkél-alkylthio is preferably a
Cl- 6 al kyl ¥IRTSENEGpEAERIY Rrediwi Bhaes traty PREaPRYF ,0%&%598% es thereof

i ncl ude cyglpriepyhaet hytthi o, 25 cycl opropyl et hyl t hi o,
cycl obutyl met hyl t hi o,, cycl opentyl met hyl t hi o, and cyplohexylnethglthLo.
[ 0043] | Rt BBdsBbsttekaentegetdien hxe PEtimasrepharytaiishah

group havip@gaflaeaafa%eg%%m@@,d RIAIAHn 9" QAL AR 8XRERbER-13Q yResof
i ncl ude beq;y oxy, phenethyl oxy, phenyl propyl oxy, naphthylnethyl oxy, and
napht hyl etRhyliexhydfopjon giishel kubsthatuaayshavemne @< apral kyl amno is an
ani no group .mnQ-, 0k di ;sybstituted with a straight or branched 01-6 35
al kyl group, and exanpl és”t hereof include nethylam no, -14- dinethylan no,
et hyl adi no, diethyl amiim,l amd2iet hyl et hyl am no. [0045] ~In the
substltuents,.cycloaé%xiE%Q%ykggkggf]s an al kyl am no group substituted with
t he af orenmenti oned cycloal Kyl group, and exanpl es thereof include
cycl opropyfoaetdiyl am no, cycl obutyl net hyl am no, and cycl opentyl met hyl am no.
[ 0046] In.the substituents, acyl _is,.a straight or branched C1-6
acyl group or benzog#h%naﬁﬂgfaéﬁaee %Wﬁﬂqggy95e§%%fp§?ﬁﬁ d&™ Ve mAr Wk
is represented by Formula (I), 1s a compound having both (N-alkyl
15 pyrrol-2-yl)carbonyl and phenylaminocarbonyl, and is & novel
compound not specifically disclosed in the aforementioned
literature.
[0025]
For example, Patent Literature 3 (W02008/122787)
20 discloses a wide range of piperazine compounds that inhibit E-
PGDS; however, it is completely silent about a piperazine
compound having (N-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
25 the Examples (Reference Examples 13 to 18) of Patent Literature 3
do not exhibit PGD2 production inhibiting action in a nasal
cavity washing liquid in guinea pigs with antigen-induced
rhinitis.
[0626]
30 Patent Literature 4 (WO2007/054623) discloses as an
inhibitor of hedgehog signaling a piperazine compound having a
furyl carbonyl piperazine structure; however, Patent Literature 4
is different from the present invention in that (N-alkylpyrrol-
2-yl)carbonyl used in the compound of the present invention is

35 limited to furyl carbonyl. Further, Patent Literature 4 is



10 acetyl, propionyl, n-butyryl, isobutyryl, valeryl, isovaleryl, and

pi val oyl . [0047] In the substituents, acyloxy is a straight or
branched C1_6 acyl oxy group or benzoyl oxy group, and exanpl es thereof 15

i ncl ude fornyl oxy, acetoxy, propionyloxy, n-butyryloxy, isobutyryloxy,

val eryl oxy, isoval eryl oxy, and pival oyl-axy~- [0048] In the substituents,

al koxycarbonyl is a carbonyl group substituted with the aforenenti oned

al koxy gr otgmplanedlgxanpées a2duthdEreabsi hrdiikde imgt hAokimar bonyl ,
ethoxycarbﬁgﬁir npr opoxycar bonyl, i sopropoxycarbonyl,

1- net hyl pr Qcarbonyl, nbut oxycar bonyl , i sobut oxycar bonyl,

tert-but oxycarbonyl ,pat-eret hytbuioxyed boxpeb/0neemEniiiseiysss bomiuryland

pent an- 2-yl oxycarbonyl . [0049] 25l n the substituents,, aralk ongcarbonyl is
pr ef er abl YA RAVBoRYPEERBHE SOFBPPRHL e laﬁqq?ytlﬁépgyﬁ%%mﬂéﬁ@a ar&t%yl oxy

group, sandy £xamkesuhlerieat ﬂﬂ%érﬁ@@sbﬁﬂ@Yh@%ﬁﬁé&EQﬂd'Ghannel. However,
phenethyloxycarbon¥l, Ehenylpropyloxycarbonyl, napht hl met hyl oxycar bonyl ,
F€a

and napht WAty L4 Feehyd dosel posofiisclose a compaundydayiipst i(Nuent s,
exanpl es i r?f’g&%ﬂzﬁf“%‘m 52 1, (#R0QsreQbnd cddincanhampyl . (nmono-

or di-ary moyl, al kyl -N-aryl ) car banmoyl, pyrrolidinocarbanoyl,
pi peri di nocembEmeyl, spleel adavdc ErBaRbylnhidnd imer pAbléhocar banoyl . 35[ 0051]
- 15- [ ] In the substituents, saturated or unsaturated heterocyclic

groups are pé%ferably nonocyclic or bicyclic saturated or unsaturated
het er d®ycl i c groups RatmEntmiy thazeusm\b off©2608 ORYYEN,) wiiscogess aw asul f ur,

pr ef er abl Y érr{]po%rﬁdaﬁts)g%a} OE rl t5reta%‘%' gi(géggeesastsggﬁ.ﬁg%diwmcékf%%t%rév%{# .di nyl,
plperldlnYT, piperazinyt, %exanetﬁy ener nino, nrorpholi no; "t hi orror pfiol i no,
honopi per azindd hyweti aby ds obtranydmpcuetr ahytn@ py raimdr,idine dazod y | Howereeny| |

furyl, pyrrolyl, _oxazo|lyl, isoxazolyl,.thjazolyl K isothiazalyl, pyrazolyl,

e azol o it s SR RRat s et ek i SO R FarbP R Ry

ibndol ]yl , i§Piﬂ§@ﬁﬁrgl—gnﬁa)z§nﬂony:mhgymnaaha_ i dqsm:@a:ayb%m@mmd,eraiﬁd: axyphenyl ,
enzof uranyl, di robenzof yranyl , benzoi m dazo , . benzoxazol yl ,
benzoﬁﬁiaz%ﬁ@ﬂ%e Viﬁ%i?nﬁdﬁﬁﬁﬁzﬁfPﬁgﬁqh?W&ﬁﬁﬂ{n q8FRE2%1 i nyl, and

qui noxal yl [odb{;0052] In the substituents, aromatic hydrocarbon is

preferably a C6-14 aromatic hydrocarbon rouE, and exanpl es t hereof include
phenyl and napht hyl .A3 GG53F 201 Rhe h”éess%ﬁg@i”? 8ftRelayt G REBETRBIEY ocycl oxy

group is a-smRREYChheiagtis ahed 1Rt gLeeyels G, 1GrQUBoRRY | &h @I sOBEmOSt
YN o H-PGDS inhibiting action.

20 [0030]

Examples of “substituents” in the present specification
include halogen, hydroxy, cyano, nitre, alkyl, halogenocalkyl,
cycloalkyl, cycloalkyl-alkyl, aralkyl, alkenyl, alkynyl, alkoxy,
halogenocalkoxy, cycloalkoxy, cycloalkyl-alkoxy, aralkyloxy,

25 alkylthie, cycloalkyl-alkylthio, amino, mono- or di-alkylamino,
cycloalkyl-alkylamino, acyl, acyloxy, oxo, carboxy,
alkoxycarbonyl, aralkyloxycarbonyl, carbamoyl, saturated or
unsaturated heterocyclic groups, aromatic hydrocarbon, saturated
heterocycloxy group, etc. When such a substituent is present, the

30 number thereof is typically 1 to 3.

[0031]

In the substituents, examples of halogen include

chlorine, bromine, fluorine, and iodine.
[0032]
35 In the substituents, alkyl or halogenocalkyl is



nitrogen, and sul fur in an anount of one or two, and exanpl es thereof

i ncl ude oxy groups having pyrrolidinyl, piperidinyl, piperazinyl,
hexanet hyl enei mi no, norpholino, thionorpholino, or 25 honopi perazi nyl, such
as tetrahydrofuranyl oxy and tetrahydropyranyl oxy. [0054] "Cl_6
al kyl" represented by RL in Fornmula (I)12s a straight- or branched- Cl-6

al kyl group, and exanples thereof 30 include nethyl, ethyl, n-propyl,

i sopropyl ,prefmnaply dsebraidght toer brautlyed G&qp@hkyl g erhexgkoudiin hese,

met hyl and et | _are_ prefe | p 055] -16-
i ncl ude 01 o ¢ §8p%§£é%$qﬁ%bh9§§ ?Eﬁgﬁé F? %ﬁ%ﬁhgq 93 al kyl
i's prefera@h}:mtnamﬂeslt watlghtalChed ellakgztlmctmkmsrermEh@ahpl@ rtyﬂe;reaﬁd n- propyl
are nore prefer blzk LOOSG 5Exa | es _of, t.he ti Estltuent " of the "01

al kyl thatt Hneor Hibre 8?@?% s FHE Rt XM A ylﬁﬁpF?PCYJUde t he
above- ment h-aned;1subsbbtitient sSedﬂmltgxy,t@ftd—mﬁIyur apedtyr, unshhekal pdand

het erocycl.c groups r ef er abl I|no zolyl, and triazolyl
are nore prefaes é: EﬁidgﬁﬂﬁﬁhéwF oasl %?Q?OPF g¥ﬁtyl, and

1,2,4-triagebsd)y are particularly preferable The unsubsti tuted
heterocycllc groups may have_ substituents. Ereferable substituent is
methyl, and the nunbet Or SubsSEitwRIty icycioaikyl ¥% erefsbrRl®xdripites of

"01 6 al kyby ér@émg@y?béﬂg Ofify %rxaﬂrgr@ssméaﬂlqmciudée@&%%ﬁ% g 1by R2

_ i ncl ude norphol i no 5 triazolyl, and 3 di neth trrazolyl
[0057P0Exaﬁ¥ﬂkﬁbuiwlth@yctﬂpﬂﬁﬁaﬂkypycé@h$*ﬁi"@@d6CﬁPk9meﬁﬁﬁk may have one or
nore subst | é&gﬂts represented by R3 and R4 in Fornula (1) include
01-6 al kyl "represented by R2 in Formula (I). O these, 20 Cl1-3 alkyl is
preferable. [0058] In the subsExbwpites ofyclhslkglimsitiludst predfrady 401 6

o e TRRBA oo, BE BUB sl SR eReT! Shebl SRR ™
uns?turatethémﬂaﬁ*any&hde gymmquO@yémﬁtBYEraiyqiopk6959¢thyl Exanples
For mitg (1750 SYRTAReRrT b S TREBEUR ST 4 67 LR P RHA A o at t ached,
i nclude pyre@d3idi nyl, piperidinyl, 30 piperazinyl, and nnrphgllno and
rorphol o e pref erables LOOSPI Drelerablg cxatples ol he OLE ot
i ncl ude nmeshydrareihyl ¢, §eslkuigronpapdo®eintztled with a Cg-1q aromatic
hydrocarbon group, and examples thereof include benzyl,
20 phenylethyl, phenylpropyl, naphthylmethyl, and naphthylethyl.
[0036] '
In the substituents, alkenyl is preferably a Cip
alkenyl group containing a carbon-carbon double bond, and
examples thereof include vinyl, allyl, methylvinyl, propenyl,
25 butenyl, pentenyl, and hexenyl.
[C037]
In the substituents, alkynyl is preferably a Cz¢
alkynyl group containing a carbon-carbon triple bond, and
examples thereof include ethynyl and propargyl.
30 (00381
In the substituents, alkoxy or halogenocalkoxy is
preferably a straight or branched Ci.s alkoxy group or the alkoxy
group substituted with halogen described above, and examples
thereof include methoxy, ethoxy, n-propoxy, iscopropoxy, 1-

35 methylpropoxy, n-butoxy, isobutoxy, tert-butoxy, Z-methylbutoxy,



35[0061] ~-17- In Formula (1), n represents 1 or 2, and preferably 2.

[ 0062] : The pi perazi ne conpound of the present invention can be
produced according to the follow ng Reaction Schenes 1 to 5. [0063]
Reaction Schene 1 In the above Reaction Schene 1, Rl and
R2 are the sane 10 as above, R representig-a protective group of am no group
or hydrogen, and n represents 1 or 2. [0065] The met hod of the
present i mesddnarylorpprpaasna2Fyiloky st Epiamomatihoky A qi flerarnathexypound

shown in Forrmula (la), or a_.l al.t thereof is.condensed with a
pyrrol ecar WOEgQ‘é%lao}é%nﬁdgﬁgugﬁﬂ%o?%%%}r ﬁﬁr g“%?ﬁuoﬁpvgﬁhoﬁgt i ¥ 'SPeci es
t her eof by w@irFleicdbBaRYxEINQ] 2t 0-f 6t M BIuE BB ogQIPEeHT] BrowahoRy F@-ul a

(2), and a_second step 1 n which an am ne cqnmpound obt ai ned_by_deprotectin
5 pr ot ect | SO (B CAFATR R GBTBPORY salrt Chen BOTORCRABNAGHAEHY 26 th an

am ne gonpound gbgw?eﬁfbfiudfaqa_bkgbogy,an active species thereof by an
ordi nary met hod to form a conpound shown in Fornmula (1). [0066] First Step
25In the fi3&lstep, the pi perazine conpound shown in Fornula (la) or a

salt thereof is condensed wibbcififerfiy, eheesEbRey) e gebdocaimpund,shoun in

Formula (I b) or an active species thereof by an ordinary nmethod, thereby
forni ng t heyalvad&csynpoekinl smewexpnpkes? nillereef) ingbpdmeajclorreroxy, '

oo or dima e o o 8 Bk RP ST G0
chl or it@es; [EHHDIN- hydr oxybenzotri azol e; and symetrical acid anhydrides; and
m xed acid anhydri(k§%\@h%hsﬁ£§¥itééﬁéy;b%@Eiogfk§55alkoxy is preferably a
Ci-¢ alkoxy group substituted with Cs;7 cycleoalkyl, and examples
thereof include cyclopropylmethoxy, cyclopropylethoxy,
cyclobutylmethoxy, cyclopentyimethoxy, and cyclcochexylmethoxy.
15 [0041]

In the substituents, alkylthio is preferably a straight
or branched C;-s alkylthio group, and examples thereof include
methylthio, ethylthio, n-propylthio, isopropylthio, n-butylthio,
isobutylthic, sec-butylthio, tert-butylthio, pentylthio, and

20 hexylthio.
[0042]

In the substituents, cycloalkyl-alkylthio is preferably
a Ci-¢ alkylthio group substituted with Cs cycloalkyl, and
examples thereof include cyclopropylmethylthio,

25 cyclopropylethylthio, cyclobutylmethylthio, cyclopentyimethylthio,
-and cyclohexylmethylthio.
[0043]
| In the substituents, aralkyloxy is preferably an oxy
group having the aforementioned aralkyl group, and examples
30 thereof include benzyloxy, phenethyloxy, phenylpropyloxy,
naphthylmethyloxy, and naphthylethyloxy.
[0044]

In the substituents, mono- or di-alkylamino is an amino

group mono- or di-substituted with a straight or branched Cj¢

35 alkyl group, and examples thereof include methylamino,



[ 0068] When the conmpound (Ib) is reacted with a free acid, or when an
active ester or acid halide is reacted without being isolated, a
condensati on agent such as 1-ethyl-3-(3-dinmethylam no 10

propyl ) carbodi i m de hydrochl ori de and 4- (4, 6-di met hoxy-1, 3, 5-
triazin-2-yl)-4-methyl norphol i ni um chl eniade may be used. [0069]

Wien 0.5 to 10 noles, and preferably 0.8 to 2 noles of the carboxylic acid
conpound stimarthiyihakonoul e(ilanion, adiadtyeeinb, spedirsthietbplansnaised
relative t@]fojﬁr]'ol e of the piperazine conpound shown in Fornula (la) or a
salt thereof,”“the anmount of the condensation is 0.5 to 20 noles, and

preferably 0.8 to 3 moltee sebatiterdss,lcyoleabiyite kyilpeiazi e aonpound
shown in Formula,(la) or a salt thereof. 20Q[0070 , t haugh
dependent DIHRELEE PERIR S&tBFe‘ép‘ﬁbtéhé:g’% B%O%ﬁr&?ﬁtﬁﬁ‘@& Yt o%ﬁﬂgﬂ on is
noi mal by Cafduped a@H! ekéingl &P lHeRbo i dlide idyatbb¥epyondthe16Raes) On at - 20
to 150C, and preferably at O to 100C. Exanples of such a solvent include a
25 hal ogerftd@Lujyioe B peidsehaad ayeHRATGYEFRAR%L AN Thl orof orm  an

aromati c hyghsgqar bon such as toluene; an ether such as tetrahydrofuran; an
ester such as ethyl acetate; an al cohol such as nethanol and ethanol,

wat er; acetonitril e;TINtKg sebaylfurntem daeyINLN-& serighicer dmaiwhed Cis

di met hyl sul f.oxige;,,and 30, yni dhB8p, [ 04 Hxafe cLeAeLi Qo MBY1 BHACES Y1

snoot hl y :%Jlﬁt g?:sugarri e%l%%{ ?Jlrjlft e presexnag% gf about 0.5 to 20 m)lyes', and
pr ef ed@bl yad®:t& 1, opFopionybl estoftvaybasesaudiyrad, t veberyd amsagaleryl,

di i sopropyl et hyl am pe, N35 net hyl norpholine, N Ndiethylaniline, 4-(N N
-19- di rretar‘%/# %IV%?)O%H dine, and pyridine, relative to 1 nole of the ,

pi per azi ne[@xjound shown in Forrmula (l1a) or a salt thereof. [0072] Second

Step 5In the second step, th rotective oup R of am.n ro inth

am 8e conpound shovvnlsI} g&]ﬁorsﬁﬁisgl%lﬁ&iss’ &5%?8%‘2&%05 bsy rgﬁgggd?yn%rﬁncﬁz‘ﬁgvm
met hod, angl_§ keytesuyl frans diheecarbptoepmaipd shdwaxzénplesr mhkasdfc) or an
active _species thereof are condensed by an ardinary nethad to formthe
conpodnrd s’rﬂfaﬁlqen%?ﬁnifﬁ?m SEPEYp Oﬁl?éﬁ’lonﬁoxy' n_b‘ﬁ%ﬁﬁoé%’t’i on can be
carried oth_sdmﬁq;rrya@k?i Cveﬁilé}%}ltdx‘i}ﬂs ivbeal s e R0t ealli yevgiagupxR.i s fornyl
or tert-butoxycarbonyl, and deprotection can be perforned by a catalytic
reduction HE4Jd 15 when the protective group R is benzyl or

benzyl oxycarbonyl . [£0%4]e substituents, alkoxycarbonyl is a carbonyl group
substituted with the aforementioned alkoxy group, and examples

20 thereof include methoxycarbonyl, ethoxycarbonyl, n-
propoxycarbonyl, isopropoxycarbonyl, l-methylpropoxycarbonyl, n-
butoxycarbonyl, isobutoxycarbonyl, tert-butoxycarbonyl, Z-methyl-
butoxycarbonyl, neocpentyloxycarbonyl, and pentan-2-yloxycarbonyl.
[0049]

25 In the substituents, aralkyloxycarbonyl is preferably a
carbonyl group substituted with the aforementioned araikyloxy
group, and examples thereof include benzyloxycarbonyl,
phenethyloxycarbdnyl, phenylipropyloxycarbonyl,
naphthlmethyloxycarbonyl, and naphthylethyloxycarbonyl.

30 [0050]

In the substituents, examples of carbamoyl include -
CONH2, (mono- or di-alkyl)carbamoyl, (mono- or di-aryl)carbamoyl,
(N-alkyl-N-aryl)carbamoyl, pyrrclidinocarbamoyl,
piperidinocarbamoyl, piperazinocarbamoyl, and morpholinocarbamoyl.

35 [0051]



In the condensation, it is preferable to use an active species having an
elimnation group that is prepared by reacting the am ne conpound shown in
Formula (1c) with triphosgene, 1,1 - 20 carbonyldiimdazole (CD), phenyl
chl orof ormat e, 4-nitrophenyl chloroformate, ethyl chloroformate, or the
like, in a solvent that is inactive to-lge reaction, such as

di chl or onet hane, tetrahydrofuran, acetonitrile, ethyl acetate, or

N, Ndi net hyl acet am deln athe- 20bs0itlsOC, s, asdtpreted aiit ynBatord®®L, in 25 the

presence aor .absence.of an organi ¢c_base_.such as triethyl am ne.or pyridine.
Loo7s]  heteroeeiig qhgime, 5o BraL b RO ICS L AT o 1SAVE L
el i m nati osatgiited dheursdivatepetbbesradyclhie ysedpé othateact) aavdlamft er

i sol ation or be prepared in a reactjpon system and used w t hout
SOl at | on. ST CETIBR. (e kA9 naF| ShLiou s CeRETBRLY ol G RECURH Yol yi

phenoxy, 4cdi4.r eRARPOXY, tidkbEt RaxYudé 08/Blolidinyl, piperidinkianples of the
salts of the am ne congound shown in 35 Fornula,{Z) I.ncl ude_aci d addition
a

sal ts wit PIRRIPFARYE, abpRmethyienednino ad" MR AR or HEl ARATERORYBP obr oni ¢
acid, and 1saphdditdea8¢hd1 , Of et c&ro&%maﬁyﬁ,c'%ﬁrﬁ%ﬁoﬁ§r§ﬁ§@9%@icﬁ%‘o@g§ﬂd
met hanesul foni'c "acid. 10077] 5Wien 0.5 to 10 noles, and preferably 0.8 to 2
mol es, of Elhierari-n&uEBhp deife Sydwn OKAZFbY | i@ oEa oyl a WHlazoliér eof is used
relative t | t i C h i 1(4.8) active
R L R R I e R e e ot

pr ef erld@bl yp@xignitdd n1 pobesidazsiratl, véndolyl molsistlol gl himdarodeleonpound

shown T FRLMRaLL0k0in 808! LchSL0k L AATEL/ bhoyoR, depgndent on the

active speci con dn agent 0se e'réaction 1's notmally carried
out in a sdlwmetrobehabfusanyigctheneotionitaeolelhcenmoabze@ ,t o 150C, and 15

preferably at t.o_100C. Exanpl.es of the, sol.vent.incl.ude a hal ogenat ed

vl ocar bR C AR50 bh BF B HaRe BRATEn dPORGHIT A SHORALT SoRgiar 888 bon
such as tofweneialgn.et her such as tetrahydrofuran; an ester such as ethyl
acet at_e; aF @#ﬁghol such as nethanol and ethanol; water; acetonitrile; N N
20 di hy ¢ m de; N, N-di net hyl acet am de; di net hyl sul f oxi de; and

pyridine. [0079] In the subBeiteasctd omrsaytpeokeetbairbohhly pfefidrably
carried out in the presence of about 0.5 to 20 noles, and pr fer&ﬁky 0.8 to
5 25 nnles?‘B%Maaﬁ%@%F%ﬁnﬂ¥d§§CPF?%%r%ﬁ?ﬁﬁfnéﬁdd?F§ﬂ%k%b tRYF ahtnetde

NnethylnDrﬁmgH§juandNng?g£§$pylaniIine, 4- (N, Ndi net hyl am no) pyri di ne, and
pyridine, relative to nol e of the am ne conpound shown in Fornula (1c) or
an active §Yertles thereof. [0080] 30The conpound (1) of the present

inverﬂédon can be In the substituents, saturated heterccycloxy group is a
monocyclic saturated heterocyclic group having any one of oxygen,
nitrogen, and sulfur in an amount of one or two, and examples
thereof include oxy groups having pyrrolidinyl, piperidinyl,
piperazinyl, hexamethyleneimino, morpholino, thiomorpholino, or

25 homopiperazinyl, such as tetrahydrofuranyloxy and
tetrahydropyranyloxy.
{0054]
“Ci-¢ alkyl” represented by R! in Formula (I) is a
straight—- or branched- Ci-s alkyl group, and examples thereof
30 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.
[0055]
Examples of the "Ci.¢ alkyl" of the "Ci;s alkyl that may

35 have one or more substituents" represented by R in Formula (I)



obtained by performng the first step and the second step. [0081] The

pi perazi ne conpound shown in Forrmula (la) or a salt t hereof, the
pyrrol ecar boxylic acid conpound shown in Formula 35 (I b) or an active
speci es thereof, and the am ne conmpound shown -21- in Fornula (Ic) or a
salt thereof are known in the art, or ecam-be manufactured in accordance
with a nethod known in the art. [0082] Reaction Schene 2 In the above
Reacti on Soheleie? ¢, Rlabkyl R2rareensed by Rlefnngsrabavdl) R 08 theseot Ecti ve

f ' 0 [ 2. 10084] .Th f
e pr oserftUPern FBR-CEMMITS a0 h PSR i 3 Wi EHOB BT ghF abrrie cEORpound
shown in FoidnH-gropylosrd madd pri€eedblds s condensed with an am ne conpound

shown in Formula 15 (lc) or an active species thereof by an ordinary nethod
to forma %5a6corrpound shown in Fornula (4), and a second step in which an

anm ne gonpound obt aimesdesdepr oheotdutGratRent SCtdVengr oap, of1 g1 Reagr oup
or a salt thereof is condensed with a pyrrol ecarboxylic agid conpound shown
i n For nul d99Y BYav6r C8A 20 BRHS WaPshe et hercdsPSBYtaR BF & nd S 4Ast RH& to

form a conpoupd shewsnsd HWdMRhty. GRB8Hy, Fahsl st emtda bhe first step,
t he pi perazi ne conpound shown in 25 Formila (3) and a salt thereof are

condensed wisaturiasednhaeeeestissded IEHER 31f Faledarable o) apbeldnfag to an
o L ke OO ot B e s cond
For null8 (4),.2,30{t3086p1Bkcomu St,eh 4-triazolyly are particularly preferable.
The unsubstituted heterocyclic groups may have substituents. A
preferable substituent 1s methyl, and the number of substituents
is 1 or 2. Preferable examples of "C;-¢ alkyl that may have one or
more substituents" represented by R2 include morpholiino, 1,2,3-
15 triazolyl, and 3,5-dimethyl-1,2,4-triazolyl.
[0057]

Examples of the "Cis alkyl”™ of the "C;s alkyl that may
have one or more substituents" represented by R’ and R* in Formula
(I} include Ci.¢ alkyl represented by R!' in Formula (I). Of these,

20 Ci-3 alkyl is preferable.
[CO58]

Examples of the "substituents" of the "Ci¢ alkyl that
may have one or more substituents" represented by R® and R
include the above~mentioned substituents. Of these, saturated or

25 unsaturated heterocyclic groups are preferable.
[0059]

Examples of "saturated heterocyclic groups™ 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, piperidinyl,

30 piperazinyl, and morpholino, and morpholino is preferable.
[0060]

Preferable examples of the "C;s alkyl that may have one
or more substituents" represented by R’ in Formula (I) include
methyl, ethyl, tert-butyl, and benzyl.

35 [0061]



-22- In the second step, the protective group R of am no group
in the urea conmpound shown in Fornmula (4) is deprotected, as in the
deprotection reaction performed in the second step of Reaction Schene 1,
and then the pyrrol ecarboxylic acid conpound 5 shown in Forrmula (lIb) or an
active species thereof is condensed by-ary-ordinary nmethod, as in the first
step of Reaction Schene 1, thereby obtaining the conpound shown in Formula
(1). [0087] ReactiornrScheneld (I),[Q@088pbresents 1 or En &hé mb=ierakégcfion
Scheme 3, X1, X2, and X2 are each an elimnation functional group, Z1 is a
nitro grou a protective amno group, and R6 and R7 are the sane as 15

"substituents" of thee GipErabkyd @npRsdt battHapRaeaconevelit iy @an be
substituents” represented by R2. R6 and R7 particularly represen

a by ; . .
subst i t ut RFBHCERs BBSPTTRBFonsher ey PTG REGFEIOR PFEMSS; § 89 %md nis 1
or 2. [E0089Jpgz3The production method shown in Reaction Scheme 3 is the sane
as that of the am ne conpound (Ic) in Reaction Schenmes 1 and 2. The net hod
conpri ses Repctiion sahemefbur steps: A first step in which an
am no- cont ai ni ng conpound shown in Forrmula (3b) is reacted with an
elimnation functional gr 25 containingcontakmi g lconpound shown in
Formula (3a) to form a hydr.6xycontai ni ng conpound Formula (3c); a
second step in mhicwcaxtonﬁqund Rbownﬁin FoLmul a ( acted with the

hydr oxy- contpi miyng co ®R'(3c) tE i Ntrodude an -23s eF1 NiNkati on

functi onal ghgg HXZT—EEgEEby—Lorni Jﬂ;ﬁnd—Fepze;eﬁ%edwby+Forhn]a
(3e); a third step igysidiggh an amne ionpgund (3f3echad seacted with the
elimnation functional group X2 to perform condensation, thereby 5 form ng
a conpound répesent ed by Fornula (3g)2and a fourth step in which the
conmpound (3 gbtained in the third step is subjected to nitro group
reduction protection of a protective group of ami no group by an

ordi nary method, thenebwnd apBi-agrRés-EIBMSRORBOUNGRY( 3h). RZLGFG0ORE Firest
Step Any elimnation functional group capn be used as X1 of the conpound
(3a) il t RS fahste, sRepePESERIe S PREFESFITHENHR Hgl e AFEHPaSTf | uori ne

and chl ori ~d@hangauh f aylentsp1 48 20l uenesul fonyl oxy, and
trifl uoronet hanesul f onyl oxy.

[0065]

The method of the present invention comprises a first

step in which a piperazine compound shown in Formula (la) or a

15 salt thereof is condensed with a pyrrolecarboxylic acid compound
shown in Formula (lb) or an active species thereof by an ordinary
method to form an amide compound shown in Formula (2), and a
second step in which an amine compound obtained by deprotecting a
protective group of amino group or a salt thereof is condensed

20 with an amine compound shown in Formula (lc) or an active species
thereof by an ordinary method tc form a compound shown in Formula
(I).
[0066]
First Step

25 In the first step, the piperazine compound shown in
Formula (la) or a salt thereof is condensed with the
pyrrolecarboxylic acid compound shown in Formula (lb) or an
active species thereof by an ordinary method, thereby forming the
amide compound shown in Formula (2).

30 [0067]



[ 0091] In a suitable solvent, using 0.5 to 10 noles, and
preferably 0.8 to 2 noles, of the am ne conpound shown in Foinula (3b) or a
salt thereof relative to 1 nole of the conpound shown 20 in (3a), reaction
is conducted in the presence of 0.5 to 10 noles, and preferably 0.8 to 3
nol es, of base relative to 1 nole of thggeonpound shown in Fornula (3a), at
-20 to 180C, and preferably at 0 to 150C, thereby formng the

hydr oxy- cont ai ni ng Gﬁuampled SEONWEiatﬂa@ennpaciéhﬁof 25pP0082§ Ary) aab&edés
can be used as |ong as ot adversel ect t eac |on | es
o sut t abl I BAES T T te. DRI BECrET A Dy UFOoas BT SIc Aok Es) 2et

di chl or oneidnane sasdcEhhorafif mhlaniasoNMeddL mhga@@ﬂymcﬁu@.hzwei carwene an
et her 30 such as .tetrahydrofuran; an ester, such as ethyl ,acetate;

ol Cahol S RS HHEhaaOTS ATISEERARGT : SO ek o0 Ae g Pt rdeR, jbeh alkyl

di net hyl f otxymade, ag&agdlnethylacetan1de N- et hyl pyrrol i done;
di net hyl sul f oxi de; and pyridine. The solvents can be used singly or in a
conbi nat i olR0&HE[ 0093] - 24- Exanpl es of a base include inorganic

bases such as sodi urﬂﬂ@fﬂr%hgu n%)ﬁﬂ&'m@ yhydr pxi desq sadhum easbonate, or

pot assi um carbonate, and so dride, and organic bases such as
pyri di ne, whqnuan-achEVﬁy¢$ﬁﬁﬂuﬁwpysnd|h@lld&|ua:ﬁyaah¢dmw1u§out being

ert- but ot G0 2 Bod caldhif dFR SRt el o LA SRR,
nmol es 10andoritpyar) ehebaﬁi;mm@ Hy@lrzchﬂ)besde csfnct He (8] Bﬁdxm’almxyf—GmBWﬂnal
gr oup- contaln|n%_%onEﬂqumgq?wgmrphg?%g%%g(%ﬁ%&l&glﬁél %3%%6% nol e of the

hydr oxy- cort alnlng onpoun reaction is conducted in the
presence of0od@x to 10 noles, and preferably 0.8 to 3 nDIes of base

relative to 1 nole th onpound shown in 15 For 20 t

180C, and pref er abl 3”‘}5?“ g)'t%og%Sg@,mCﬁ ’eli?x?g‘f Bt E?ﬁ;a gn%%u%d“

Fotwil a (3g&)e d89%)1ic acid compéﬂ}’idsgﬂimmtﬁl @@mmbeausm ax laﬁnlcﬁﬁvé hey do
not adversely affect the reaction. | es of suitable solvents 20 include

a hal &éena%ré%wﬁﬁdm@a?%nl%u@@da§ea%w ridhet FRHE ShdERIRIRSEEEMS an

aromatic hd&ﬁm@b@noﬁﬂcth Fsorirlldenes) adr ef hen tsuebrast | edneabydnnt Wsan; an
ester such as eth % acet at e; acetonltrlle N, N- di et hyl f or mami de;

N, N- di et hiflaceangrnaatinmethyd - ﬁyltPo?deB‘PnJeeSrdﬁ?é]t RyEERF 3N B SAd3pyri di ne.
The sol vents) 2 16aR:heUBE T SIQ BrOEht N Ao SIinBabbARoudDQBln in

Exanpl es of a base i ncl ude i norgani c bases such as sodi um hydr oxi de,
cal ci um hydvasilde, (18ddPung cadlforr@egeCpot assi um car bonate, and sodi um

hydr i ﬂgﬁﬂ{ganlc bases such as pyridine, 30
4- (N, dlne am no) pyridine, triethylam ne,
Although dependent on the active species oz

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 a
25 halogenated hydrocarbon such as dichloromethane and chloroform;
an arcmatic hydrocarbon such as toluene; an ether such as
tetrahydrofuran; an ester such as ethyl acetate; an alcohol such
as methanol and ethanol; water; acetonitrile; N,N-
dimethylformamide; N,N-dimethylacetamide; dimethylsulfoxide; and
30 pyridine.
[0071]
The reaction may proceed smeoothly if it is carried out
in the presence of about 0.5 to 20 moles, and preferably 0.8 to 5
moles of a base such as triethylamine, diisopropylethylamine, N=-

35 methylmorpholine, N,N-diethylaniline, 4-(N,N-



di i sopropyl et hyl am ne, 1, 8-di azabi cycl o[ 5. 4. 0] undec-7-en, and potassium

tert-butoxide. [0097] Third Step 35In a suitable solvent, using 0.5 to 10
noles, and -25- preferably 0.8 to 3 noles, of the am ne conpound shown in
Foula (3f) relative to 1 nole of the conmpound shown in (3e), the reaction
is conducted in the presence of 0.5 to-1@-noles, and preferably 0.8 to 3

nol es, of base relative to 1 nole of the 5 conpound shown in Formula (3e),
at -20 to di%@E€hvandipseferiatihg, abnd porilE0e, trhéaeiwe fuor di ngle hef dcdmpound

shown in Fornula,(3g). [0098] . Any ,sol vents can ed as | ong
as they dé’waééﬁgr%%éplgﬁégf’w?h%nr%%?qlgn.&éia%laessagf: gﬁ??é%f‘e sol vent s
10 incl udefgm7#ral ogenat ed hydrocarbon such as dichl oronet hane and

chl oroforgc}T an aromati c hydrocarbon such as tol uene; an ether such as
t et r ahydr - S5RPest er such as ethyl acetate; acetonitrile;

N, N-di get hyl f or mani de; tNeNsdbo®d sl etas geotdineivry bRpYup ok i sioreiino
di met hyl sul f oxi de; and pyridine. The solvents 15 can be used si n%lry or in a
conbi nat i @FEOYR0A99the amide comppRRRPPRATHIT, FREEELE ndludé PRBFEETT CDases

such as S%&}Léga @fgiﬁéic €.k fRIC LR BY A 03 dohe $RLLUM LA RORABRINBOL assi um
car bonat e, "and sodi umhydri de, and organi c bases such as pyridine, 20

4- (N, N- di metninduadi by rindifeamullai étal| @iiate 2c§ilve oppephASe therant mee
1, 8-di azabi A, 0l yndec- - iU e -F;gﬁngixi 00
Fourth St e%%ﬂ%%ﬁ QY %llél a nlﬂéfgngﬁagﬁg?pgﬁeguctl g}nl&c%%mi ti ongﬁgwlé[%%t !

limtad asFdmmgaagIthe nitro group is converted to an am no group by
reducti on. d 731 s preferable that reaction conditions be sel ected

consi deri nB %rdperti es of other functional groups of the nitro conpound
(3g). 30[0101] Typi aprcteact onncaetdwodsririetiudet turelerokkbodi agrondiAloha

T o sl Pushcse, geLan) ot obhatl op20-PLNSL e BRa ang
pr ef er abl yd&h % dc@ 1Bn Bk e e Perdorpduchy on B adgtatysédistdibnasetbddced
| iron,l%in ﬁggé”gﬁ%ebrgéeééfgg(g¥8€g %eigsbenzyl or benzyioxycarbonyl.
[0074] |
In the condensation, it is preferable to use an active
species having an elimination group that is prepared by reacting
the amine compound shown in Formula (lc) with triphosgene, 1,1'-
20 carbonyldiimidazole (CDI), phenyl chloroformate, 4-nitrophenyl
chloroformate, ethyl chloroformate, or the like, in a solvent
that is inactive to the reaction, such as dichloromethane,
tetrahydrofuran, acetonitrile, ethyl acetate, or N,N-
dimethylacetamide, at -20 to 150°C, and preferably 0 to 100°C, in
25 the presence or absence of an organic base such as triethylamine
or pyridine.
[0075]
The active species of Formula (lc) may have an
elimination group. The active species may be used for rzeaction
30 after isolation or may be prepared in a reaction system and used
without isolation. Examples of the elimination group include
chlorine, imidazolyl, phenoxy, 4-nitrophenoxy, and ethoxy.
[0076]
Examples of the salts of the amine compound shown in

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



-26- reacted in the presence of 0.3 to 30 noles, and preferably 0.5 to 20
nol es, of an ammoni um salt, such as amoni um chl ori de, hydrazi ne hydrate,
hydrochl oric acid, etc., relative to 1 nole of the nitro conpound shown in
Formula (3g), at 0 to 150C, and 5 preferably 20 to 120C. (B) In al cohols,
et hers, esters such as ethyl acetate, arganic acids such as formc acid and
acetic acid, or a mxture of solvents thereof, hydrogen gas is reacted
under ordi figfy ¥ eysvbenhDsrid glify eagarebidhiichecpdesent esulffu@i80dcid, 1

nol e, and 10 preferably 0.01 to 0.3 nole, of ,a redyction catal si such as
car bon- sugportidd: [S’&BF‘Q%?Lﬁﬁl%'atspﬁﬁn‘?%x%@on&ﬁdaﬁé eF i a,negﬁ £ to 1
nol e of thgqytro conpound shown in Formula (3g), at 0 to 120C, and
preferably 20 to 100C, or 0.5 to 20 noles, and preferably 1 to 10 noles, of
formi c aci B00&hhoni um formate, or 15 cycl ohexene relative to 1 nole of the

nitro eonpound showngid), fpmubal§3gd1dsS wpBdpasrérdidy @aent§opestdd) Bkace
of hydrogen gas. [0102] . I'f ZI Is a protective am no group,
depr ot ect i Ore g nse ceoppend cheel itn Faangkie Haprer 83l% Fherecseednebast ep

of Reactio ﬁﬁ? o ' e _am e&g&gﬁn ) 5 [EQJ]IQ%

The corrpouﬁes q;aé)e,t%(ibsrl??%gdd%q,éh%ngﬁ'%g)cu e ?ng%éggt%%n Sc gﬁe{%cgr%r
known, or smredieveaspeatésirgbiavfactbedamom2®inithh gohdrvedtienhadd. 0{9104]
The ami ne co un 1c) _i,n_React.} che 2, | : ami aompound
represent e’ Wﬁ@ﬂr‘?&l’a%ﬁf%&%ﬁﬁ%& |§r' gd%%e% m;%&ce(%r’d%%ga%lo‘;e{]ﬁtg ?e ﬁ%‘% (giﬁom
i N Red® i othéSchieine 4chpbond S0 Gh] FReactd ofiScheme dalt nhRemofi on Schene
4, X, Z, [E% and R4 are the sane as above, R5 is the sane as R5 or a
silyl proté Re group such as 5 tert-butyldinmethylsilyl, I is 0 to 3, and
nis 1 or 2. [0107] although depéh@eft ashiaiheoncteidoshestieanorn Reacti on
Schenme 4 includes the first stecf, in which an elim naii)ﬁn functi ongl ., group
XI - cont ai nFHPLBIRIIORI2PARY 1P edbedeir P SaPPrBEc DAt TRG B eFer

conpound showy JdyfFehal 85 (AD)cidf @EMAR Asi&ridEoREaLPb N, CGIPEUNhshown
in Formula (4c); the second step, in which an ester group of an

est er -Font pref sRpdonpouldte 4690°Cs Beprokasctadd thand@oiTRIF doRfdEASed with an
am ne conpRANSHSRAWY hdFSEMbS (Hbh BY alcrsidianyaRet ed d drekBrap am de

conmpound shown  in Formula 15(4e); and the third step, in which the conpound
(4e) is subjert@rptic hydrocarbon such as toluene; an ether such as
tetrahydrofuran; an ester such as ethyl acetate; an alcohol such
as methanol and ethanol; water; acetonitrile; N,N-
20 dimethylformamide; N,N-dimethylacetamide; dimethylsulfoxide; and
pyridine.
[0079]
The reaction may proceed smoothly if it is carried out
in the presence of about 0.5 to 20 moles, and preferably 0.8 to 5
25 moles, of a base such as triethylamine, diiscpropylethylamine, N-
methylmorpholine, N,N-diethylaniline, 4-(N,N-
dimethylamino)pyridine, and pyridine, relative to 1 mole of the
amine compound shown in Formula (lc) or an active species thereof.
[0080]
30 The compound (I) of the present invention can be
obtained by performing the first step and the second step.
[0081]
The piperazine compound shown in Formula (la) or a salt
therecf, the pyrrolecarboxylic acid compound shown in Formula

35 (lb) or an active species thereof, and the amine compound shown



to nitro group reduction or deprotection of a protective group of am no
group by an ordinary nethod, thereby form ng an am ne conpound (4f). [0108]
20 First Step In this step, the ester-containing conpound represented by
Forrmul a (4c) can be obtained in the same manner as in the first step of
Reaction Schene 3. [0109] 25 Second Stepiln this step, the ester of the
ester-contai ning conpound shown in Fornula (4c) is deprotected by an

OLdi nary, im Z%ml I&ma\é\ﬁ(lldiﬁtckm@, lsamdhth@fefmrai@whaﬁdwm irh thke aami ner coarptend
shown in Formula (4 or a salt t ereo in the s mann as |n the first
step of Ré%ﬁféﬁtgéﬁén%n PIOHERAT Ket AR A& TE8Rp gﬁ%‘ﬂ“ rlé’p?'%‘?eﬁFEd by Fornul a
(4e). 5[01gfYgofhird Step In this step Zl can be converted to an
am no grou in the same manner as in the fourth step of Reaction Schene 3.
[0111] SHE1ooNBERFER 44a), (4b), and (4d) used in Reaction Scheme 4 are
knomn,5or can be manufactured by a known nmethod. [0112] O the conpounds of
t he present invention conpounds havi ng particul ar functional groups nay be

converted to other npounds of the invention by chenicall di fying
t hese groups, as

foII Reactlon Schenme 5. [Q11 React i on
Scherme 5 /%)[011 Hooc” N
HNK/ 1c) NH, (o) R 0
‘R ’\1 '

First Step H N Second Step
(3) (4) K/ R

[0083]

In the above Reaction Scheme 2, R! and R* are as
defined above, R is a protective group of aﬁino group or hydrogen,
10 and n is 1 or 2.
[0084]
The method of the present invention comprises a first
step in which a piperazine compound shown in Formula (3) or a
salt thereof is condensed with an amine compound shown in Formula
15 (lc) or an active species thereof by an ordinary method to form a
urea compound shown in Formula {4), and & second step in which an
amine compound obtained by deprotecting a protective group of
amino group or a salt thereof is condensed with a
pyrrolecarboxylic acid compound shown in Formula {1lb) or an
20 active species thereof by an ordinary method to form a compound
shown in Formula (I).
[0085]
First Step
In the first step, the piperazine compound shown in
25 Formula (3) and a salt thereof are condensed with thé amine
compound shown in Formula (lc) according to an ordinary method as
in the condensation reaction performed in the second step of
Reaction Scheme 1, thereby obtaining the urea compound shown in
Formula (4).
30 [0086]
Second Step



I n Reaction Schenme 5, 121, R3, R4, R8, n, and | are the same as above.
[0115] -29- conpound shown in Foula (5a), or an active species thereof is
condensed in the sanme manner as in the first step of Reaction Schenme 1 with
t he am ne conpound represented by Formula (5b), to formthe am de conpound
(5c) 5[0116] If one or nore-azymmetric carbons are present in
the conmpound (1), which is useful as an active ingredient of the nedicine
of the present inver ahe sptocdlsigomehs duetdatiasygmetpi R crEyancat ons

(enantionmers and di astereoners) and ot her, 1Q isomers,,may he present. The
present i rfFéHR oft Eﬁ%o%%%scg@)?%ﬁe?%mfrh&{l SrE %eﬁ4)i sol %FQEO’E%%F%rm ures
thereof. [DdKH the deprotecthihe eerpeunt ddnforwhtichn ithdisebuhdastan @cti ve
i ngredi ent_of the nedicine of the present invention, enconpasses 15

phar maceutReaAtiPraceRefFabt o 30 dRGEs N PHRAFRCEGREFREFY Y AlEeft SBFRBibdr ugs
are cogpouwsyishaw rgrfunet j1abrgpaupst fhatspean cBet Ko iedcotidi@ded
chem cal conditions, such as solvolysis, or under physiol ogical conditions,
i nto ani ndY HdEELYNaEArERBaPS cdfbdhythe dfrliﬁtkétﬁﬂn‘é%/if%ﬁ?éﬁtlﬁpoﬁ‘ﬁ%e”&ﬁ lrhe
conpound (dPer Y 6BthSn A% AhRbyBuhdHRAELAL ebrhdies nRdi.cine of the
present invention. Representative functional groups of prodrugs include the
groups nmenkt@@dd in "1yakuhin no Kai hatsu (Devel opnent of

Phar maceut I, 7o pp. 163-198, Hirokawa Publishing (1990).

25[ 0118] éecﬁ‘lt%on Sy@%meec?brrpound (I'), which is useful as an active

i ngredi ent of the neduyei ne the present invention ymy fgrman acid
addition sgit or a sagtl_{%\C e basélQ Su salts afé incl dded/i n\ t he present
i nvention 1ngoftar as™ e)y © (BhakBCEull 30 &sltepidsde. PSP C
exanpl es t hek epot J,nctude—acted—addi ti on saht t ™ i"Aorgani ¢ act i
hydrochl oric acid, hydreitstsepc acid, hydroi odi'c atiSgsondsepur g acid
aci d, phosphqgsdyc acid, etc., or organic ek ds, such as formc acid, acetic
acid, propionic acid, oxalic acid, malonic acid, succinic acid, fumaric 35
acid, mal ei c HuRPRF, | agtbg aci malic acid, citri®®Njd, rtaric -30-

aci d, carbonicsgcid, pi ghj id, methanesul fonic adii) nesul fonic
aci d, gl utame—-aect+es~etc.; salls i Norgani ¢ _bases, Su -@o um

pot assi um nagwasiesm cal ci al 'Zum Feudh Steror gani ¢ pages Ssuchuas

met hy*¥&ni ne, et hyl am ne, ne m ne, 5%ethanol am ne, etc., or basic am no
aci ds suchy@ggdyysine, arginine, ornithine, etc.; and amoniumsalts. [0119]
The presen[ invention further enconpasses the hydrates, solvates, and

crystal pol ynorphs, Bt thfe 2borpobeecTion SehEER fs A0 dsefdld &s af &efhve
| ngr edi entaﬁf?mﬁ %%%ﬁ; ﬁ?ﬁ%&dﬂ BL8S8Ntz1 nvent i Pfvo ARupharnRceutical ly

acceptabl e salts thereo ) .
protective amino group, and R° and R’ are the same as

15 TVsubstituents™ of the "Ci—¢ alkyl groups that may have one or more
-substituents" represented by R?. R® and R’ particularly represent
substituted or unsubstituted heterocyclic groups, m is 0 to 3,
and n is 1 or 2.

[0089]

20 The production method shown in Reaction Scheme 3 is the
same as that of the amine compound (lc) in Reaction Schemes 1 and
2. The method comprises the following four steps:

A first step in which an amino-containing compound shown in
Formula (3b) is reacted with an elimination functional group X'-

25 containing compound shown in Formula (3a) to form a hydroxy-
containing compound shown in Formula (3¢);

a second step in which a compound shown in Formula (3d) is

reacted with the hydroxy-containing compound (3c) to introduce an



When a pharmaceutical conposition contains the piperazine conmpound or a
salt thereof according to the present 15 invention, a pharnaceuti cal

carrier can be added, if required, thereby form ng a suitable dosage form
according to prevention and treatnent purposes. Exanples of the dosage form
include oral preparations, injections, _suppositories, ointnents, patches,
etc. O these, oral preparations are preferable. Such dosage forns can 20
be forned élﬁnﬂnﬁ@&bﬁdf@mfﬁi@mhilogﬁbhy ¥nownet@opefaeringski tomsbural t he art.
[0121] he pharmaceutical carrier, various conventiona

or gani ¢ cqugﬁﬁ%iaﬁﬁé %EIEQQQH lanf@fi &l s used as preparation 25 materials ey

be bl ended, 3%,i3® e¥&hPiENhidp Behmi Sl StdMRBNANY3£) UDY ireabtedofi€ol@feant in
solid preparations, or as a solvent, solubilizing agent, suspendi ng agent,

i sot oni zi rRj-iagERtiopufuRGticeals 66PHP g AGeREL N iGIOGNBREHRN atiNGHELY
'Vbreovgo OXI@B%@%C@%&% RIER pacahton aﬂ%ﬂmma $Y6N: asan anti septic,

anti - ant etener and stabilizer may al so be used if

requi red. § (fk2ajth step in Whl(g?ﬂaIthGODDInPQ}rréjpdﬁéﬁ)l ehtained ginepheehbed
fol | ows. ﬁﬂ;%f%%p Sﬂﬁeagé%Hﬂp%ﬁ%%Pa§ﬂ539Q%dﬂdEgoﬁ QkQﬂ%&Dtgggigﬁﬂgééﬁt 35

| ubri cant orant, - eni ng oring agent, efc., I's a into
t he conpoumbtafcttie preserdf iamient gooup dypreodecdinaby etathocloatedrelabl et s,

granul es, powders, capsules, or_the,like, using an ordinary method. [0123]
& oRIATT [ EPREE ad okt

SExanpl es OFEXE ple sucrose, D- mannitol, glucose,
starchp cat@iaom carbonate, kaolin, mcrocrystalline cellulose, and silicic
acid. [012 J nples of binders include water, ethanol, 1-propanol, 10
2- propanolF &Psyrup, liquid glucose, liquid a-starch, liquid gelatin,

D-manni tol , car boxymethylieehbul @ efurkytdioaxy peopyd @@i logl os@d eha/dcrlocxypr opyl

starch, neth I cellulose et hyl cel | ul ose, shellai |CIU Z hate and
ponV|nyIp@W§(ﬂme8H€ (FALS" ThHEx ZABFEsS P ditSPAPLGE & FBS
starch, s e gipat §s PO riPRWEEH, cI8DsHHE, hwércagﬁas@pﬂ ake, al cium

carbonate sodium |l auryl sulfate, stearic acid nnnoglycer e, and | actose.
[0126]15205@%@1@%#09%%%@%1 tid ELder PR Eneg I APRY 1M um

[0091]

In a suitable solvent, using 0.5 to 10 moles, and
preferably 0.8 to 2 moles, of the amine compound shown in Formula
(3b) or a salt thereof relative to 1 mole of the compcund shown

20 in (3a), reaction is conducted in the presence of 0.5 te 10 moles,
and preferably 0.8 to 3 moles, of base relative to 1 mole of the
compound shown in Formula (3a), at -20 to 180°C, and preferably at
0 to 150°C, thereby forming the hydroxy-containing compound shown
in Formula (3c).

25 {0092]

Any solvents can be used as long as they do not
adversely affect the reaction. Examples of suitable sclvents
include a halogenated hydrocarbon such as dichloromethane and
chioroform; an aromatic hydrocarbon such as toluene; an ether

30 such as tetrahydrofuran; an eater such as ethyl acetate; an
alcohol such as methanol and ethancl; water; acetonitrile; N,N-
dimethylformamide; N,N-dimethylacetamide; N-methylpyrrolidone;
dimethylsulfoxide; and pyridine. The solvents can be used singly
or in a combination.

35 [0093]



Sstearate, magnesium stearate, borax, and pol yethyl ene glycol. [0127]
Exanpl es of colorants include titanium oxide and iron oxide. 25[0128]
Exanpl es of sweetening/flavoring agents include sucrose, wild orange peel,

citric acid, and tartaric acid. [0129] Oral liquid preparations are
produced as follows. A 30 sweetening ageat, buffer, stabilizer, sweetening
flavoring agent, etc., is added into the conpound of the present invention

to produce an inter rfaiardpilqai df nedvaienéncaudyr upprgemiel bases mrcht ke |i ke
usi ng an ordj.nar thrs Syeet e Lng/fl vorrng agent s, as
doscri bed SHUR! BvEERESs o et BEGrIE T Pt P R R BT S B o,
and exarrpl@ﬁrhmfnasmbahdzemmmeiywdede | agad astdanic Bﬁsegugmc&r ad @yraddne,
gel atin. cessar teri g, coatin a coating to increase the
et o1 st ench 0% SRR Betav T sgrafia thrsBungatinonn for or a

prepar gt i afisi.sdprappleshelantiont,i ngsageatSidieiivgde. hyorqaay-gpyh meihy|

cel lul ose, ethyl cellulaose, 5 hydroxynethyl cellul ose, hydroxypropyl

cel | ul ose, PYASFERF BERyTRHE®IAFcol , and Tween 80 (a registered tradenark).
[ 0130] [0094] I njections are prepared as follows. A pH adjuster,
buffer, stabilizer, isotonizing agent, topical anesthetic, etc., 10 is
added |ntc§QQQ@db§ﬁﬁBund of the present invention to produce a subcutaneous

i nj ection, an int rar@fp%ulsal Fb‘ﬂlg de}é,ntOI’ ugpn%r@r@\ﬁgpq@s bﬂégct hﬂﬁl usi ng an

ordi nary nethod Exanpl es of usable pH adjust rs an buf érs in this case
i ncl ud@ saeliafierebivaled tod mnlaset af ethared igdopbbephosphdceal Exarmes of
usabl e 15 I r di If| i_ogl aci d,
and thi ol aC(S:C%r?C% glm § é@g&dr@%h% uggbfg éolél cgp?aﬁgg%ﬁie‘{elt E:ES ?n% g%e%
procai ne hyﬁrmqukoxydeOHWEhﬂun@ocampemmydﬂmmmlonrdac Eﬂampkeacpiousable

i sotoni zi ng_agent |nc ude sodi um ¢ rd ucose, Jrannict o

gl ycerin. éﬁﬂq§f§ ? %IR %%%E?ean grepare as ?%1I pFEfSEg?HﬁqF&%ical
carrier knows molehe aftbasauﬁeLaslpely@thykﬂmEOglyheICOMpmmmbrehoﬁacap
butter, and fatty acrd tri (z ceride, is added_into the conpounq of the

preserf i RRIANILEN, (36Dt i Bnat4l t5 180Gt ke RrehemiRish 380 O(&Or &gl Stered

trademar k)tm;rrea;yl hf&@mﬁlhl@f‘tﬁ@‘é ainpolintl| sn@eh Byy Eoeflutai pe)usi ng an ordi nary
met hod. %%ﬁ%s QO ntnments are .prepared as follows. An ordinary
base, stab 4 er wetting agent, preservative, etc., is added as 30

required into the campwid vaht & heapnes erkdl agen@mggras andyHx egband
formul ated using_an ordi nary nethod. Exanples of bases include liquid

paraffin, ISRt pEFAEUNIaicREtbeR s wasemIesy Pdodetialla EorgRNtaNd
paraf bigh. Fanples Ah1psesaraat ueechﬂe&y%dﬁeg@yme&i@%ﬁ@&%ﬁee%&at e,

et hyl parahydroxybenzoate, 35 an propyl parah drox benzoat e.
chloroform; an aromatlc hydrocarben suc oluene; an ether
such as tetrahydrofuran; an ester such as ethyl acetate;
acetonitrile; N,N-dimethylformamide; N,N~dimethylacetamide; N-
methylpyrrolidone; dimethylsulfoxide; and pyridine. The solvents

25 can be used singly or in a combination.
[00986]

Examples of & base include inorganic bases such as
sodium hydroxide, calcium hydroxide, sodium carbonate, potassium
carbonate, and sodium hydride, and organic bases such as pyridine,

30 4-(N,N-dimethylamino)pyridine, triethylamine,
diisopropylethylamine, 1,8-diazabicycle[5.4.0]undec-7-en, and
potassium tert-butoxide.

[0097]
Third Step

35 In a suitable solvent, using 0.5 to 10 moles, and



-33- [01331 Pat ches can be prepared by coating a general support
with the above ointnent, cream gel, paste, etc., using an ordinary nethod.
Exanpl es of supports include woven or nonwoven 5 fabrics nade from cotton
staple fibers, and chem cal fibers; and filnms and foam sheets of soft vinyl
chl oride, polyethylene, and pol yurethanes_[0134] The anount of the conpound
of the present invention to 10 be contained in such a dosage unit form

vari es depgdier@n0p § e teondinbiles, obf e pat hentomoweidl shewdobagrivade The
desi rabl e ampbunt _in one dosage unit formis ahout 0.Q5 t% bqaﬁ 1,000 ng in
the case o3fanrelaFive dpardafiPdf, ChLdiR @HPUPE MM 150d ﬁS'i % he case of

an inj ectiQn.+apd aboindhdreqabauind ALl BrtHes Mo 08SRoDES A and
suppository. [0135] The daily dose of the nedicine in such a
dosage fommnedepehtis &b tire Scondpsi opf HFsey rRerEhTe wyd, TgeAdef , thac., of
the patient. For .ex | e, t L1 ose..f ornan. afaHet ( Y. ight; 20 50
kg) ma;g/ becoglé)r?élpgl F@(g{grbollﬂ %%gﬁ%oygé%o’u% t5 ESOE%MaEG %%gf%frlgbl y 6?19%0

1, 000 ny, Canw i150fC efrteakby Adminics tidveedompoamd showinn inwiotrorlehri@g) di vi ded
doses per [ﬂ)g%.g [0136] Since the HPGAS inhibiting action is attained in 25
manmal s, a e%peci ally man, by admi nistrating a nedicine containing the
conpound of the pregent sohvents argn fdee usedpasinkbrgf ashehgy edentoti nvention is

useful in treating, eventing, or. i QVi di.se u GD2
gener at ed egsgé}%t ﬂgé%c%&%ﬁeggﬁcéﬁ‘?%%ﬁ g% 5 ?ﬁe@%@%n%gg}rg%%g present
i nventpon gajlude 30hatkvgdiissicer agdiecarwommlssichnekudictg dvomenbaneoaikdys,
mce, rats, rabbhits, dogs, cats, cqws, horses, pigs, .and sheep., .The
compound EHFEIREH NPt B BVEFHE Hﬁﬁ%?%ﬂ?ﬂrﬁlsluﬁho?gn TSP | 9TbYEAT or di nary
met hod. [ QA3H =35EXePPhRS-drfurdingeasesster badhr aat ethypraeeeated, or - 34-

i nproved by a pharnaceuti cal_r%gent cont aj ni n% thg,co und of ,the pr esent
i nvent i on 3GRAABAET AN P &t Hi hydformmidaratiofnty 'S cetapide; N-
myodegeneratig H-$6858ond D188kt AEXaRDIG8 &f; ahbepghrdidiseanes ddiclude
bronchi al asthma, pollinosis, allergic rhinitis, sinusitis, otitis media,
al | er dbc oo} drecrisedt Engkpramdncat aPFPLNAIGSI‘c dermatitis, contact
dermatiti S[O(?Q!ﬂ food allergies. O these, bronchial asthng,

Examples of a base include inorganic bases such as
sodium hydroxide, calcium hydrexide, sodium carbonate, potassium
carbonate, and sodium hydride, and organic bases such as pyridine,

20 4-(N,N-dimethylamino)pyridine, triethylamine,
diiscpropylethylamine, 1,8-diazabicyclo[5.4.0]undec~7-en, and
potassium tert-butoxide.

[0100]
Fourth Step

25 When Z' is a nitro group, reduction conditions are not
limited as long as the nitro group is converted to an amino group
by reduction. It is preferable that reaction conditions be
selected considering properties of other functional groups of the
nitro compeound (3g).

30 [0101]

Typical reduction methods include the following:

(&) In water, an alcohol such as methanol or ethanol, an ether
such as tetrahydrofuran, or a mixture of solvents thereof, 0.01
to 10 moles, and preferably 0.03 to 5 moles, of a reduction

35 catalyst such as reduced iron, tin chloride, or iron chloride is



pollinosis, allergic rhinitis, and sinusitis are preferable. 10 Exanpl es of
i nfl ammatory di seases include chronic obstructive pul nonary di sease,
interstitial pneunonia, hypersensitivity pneunonitis, eosinophilic
pneunoni a, articular rheumati sm degenerative arthritis, multiple
sclerosis, inflammatory bowel disease, _3ki_n di seases (psoriasis, eczens,
erythema, itch 15 syndrone, pinples, etc.), post-PTCA restenosis, chronic
obstruct i wezaitleer ial tik seasenceeper b LBian Jonmolys, st grafferap] ea.iono
reaction. [0139] Exanples of nyode eneratlve di seases in Iud nmuscul ar 20
dyst r ophy &eiss: Daéﬁehﬁemweeee|ag YRy, SHRPRHT £ gﬁenic di sease,
Becker’s MizaahedysaroRily hyld'rBEthfijé Sdds Cltal, dyStAaRRY coantneangeni t al
muscul ar dystrophy; Vvarious nyopathies such as congenltal opath

anyot r ophitthd atigral semeewsl showhi th Fermulsedsagente InistdParCat hy,

nmuscl e 255%&! &% gaégl opathy (cardiac infarction); and diabetic
perlpheral vascuPa di sor dérs {vascul ar snooth nuscl e di sorders).

Pr ef er abl e(Bxdmpkésondlsy aidgeser actees cﬁ@éh@ésethbeaCt@rt@é}ﬁedorW@ﬁent ed,

or inprove d I PS g I Qi d e i nvention
i ncl ude Duc Egﬁh%ugﬁséélar 32%%3%h§9d Qﬂﬁrﬂg nﬁ%é%qgt ngtgﬁphy, and
anmyot r ophisolwengsatbetrerDsitydrjogdda0fas is reactedFundédmreranstisaryheressling ne
cont ai ni ng_t he conmpound_of. t e Pre nvent i te o inprove the
treatnentqﬁﬁguﬁﬁeggﬁ??%ﬂad?lEﬂ ugréggé% |3§% O%EI£8 fﬁ@%%?oguétlve

pr obl ags, ﬁﬁéﬂﬁn@@dycoagvlﬁﬁiOJm todey def s5 ﬁddmepldnscmthﬂyst paiuoh as si on

-35- proble obesi t nopat hy nd aut oi, ne di_seases prevent
exacer bat | GH3 TRPEH%¥E%¢ qﬁ@ﬁ&EmOrptékﬂqFﬂbgﬁﬁ - \3\e] eyhBFS% % 1 he
prognosi s @t ver abnl dadPger theaddttd bempﬁ:iuﬁQIEShbwﬁal’h imfrmbile ¢B4),
neoplastic transformation and nmetastatic tumor 5 growt it is also useful

in cancer athet &y 12pW4End preferably iy é6vePO°Git oirs u§e’$%|2q FolRe, and

treat nent @ndfaipaveyensi om mefl <R, obirf esahiy @ diug ObMRss WM EdRaPEPZHr its
met abol ites, such as fibroblast proliferation, diabetic 10 retinopathy, and

tunDr1éngiQXﬁ%ﬂﬁﬁﬁﬁneFH?%¢R#Wﬁm@§ lspace ¢F @n ndlppr e9EPPED SPRUGCHR siot h
mJSC' e Contféﬁ&h' DONaghtiganH 3B %eh;y‘ﬁﬁggér? ddeckr eat ﬁmte y¥hQHurog&yenti on
i

infertility, dysnenorrhea premature del i very, and
e05|noph|I@ﬂ&eucocyterelated di sorders. 15 Exanpl es [0142] The present
i nvention E@_ scribed in detail belowwth reference to Reference
Exanpl es, anpl es, and Test Exanpl es, 20 which are not intended to limt
the scope of the |nvIﬁuZ ohs &(Oaugective amino gyuqupyhdepoptentiing can be

descri H\g;?erf% &%pg% %%L%nﬁﬁ%@sgéeﬁnuc[ﬁ{e”%&%d(éﬁé tRQXL;,%%&@”e) as

an in em ca are |nd|c
W th respesthdne ZStbhebtafmnthﬂ agtinkt spmadaget pt3hon patterns coupling
constantsmﬂ%j and nunbers of protons are indicated in parentheses. [0144]
The follo nbols are used for absorption patterns:

The compounds {3a), {3b), (3d), and (3f) used in

Reaction Scheme 3 are known, or can be manufactured in accordance
25 with a known method.
[0104]

The amine compound (lc) in Reaction Scheme 1 or 2, i.e.,
the amine compound represented by Formula (4f), can be produced
according to the method shown in Reaction Scheme 4 below.

30 [0105]

Reaction Scheme 4



S singlet, d = doublet, t =triplet, g = quartet, dd = double 30 doubl et,
m= nmultiplet, br = broad, and brs = broad singlet. [0145]

Mor eover, the follow ng synbols are used for structural formnulas of
compounds: Me = nmethyl and Et = ethyl. [0146] -36- Exanple 1

N- (4- (4- hydroxypi peridin-1-y1)-phenyl)-4((1-nmet hyl pyrrol - 2-y1) -

carbony1l) - 1- pi per azi necar boxanm de Exanple 1(1) 5

4- hydr oxy-N-(4-nit rophenyl ) pi peri di ne 4- chl oroni trobenzene (31.5
g, 200 mol) was di §s‘6‘P‘?(ed i A\ N, N-hiogget hyl-acet ani de (80 i and pot assium
car bonat e X! . 26QHsYO JMAd 4- h ,@xﬁz peridi ne (ZQN 220 mol )
wer e added o, fol | oned "B st i r'r 2 at at 13@C for 3 hours. 10
After cooling ozr‘oomter’rPerature vvater was it o t§1 ture and the
precipitate was collect@&¥5P filtrati on. @e obtained sHFT v?zﬁs dri ed under
reduced pr esét® e, thereby obtaining 4- hydroxy-N (4-nitrophenyl)piperidine
(41.3 g, 93% as a yellow SObld 151H NWR (CDC13): 5 (pprr) 1.52-1.74 (m

2H), 1.92-2.04 2H) , ,.3..1453. 2H), 3.73-4.Q8 31-1), 6.82 (d, J
H)9 6 Hz, 2H), gmll (H)d @R‘% a@mimomn ExarTBTRé'm ‘%%ﬁ (
eri

4- hydr oxy- N- (4- am nophenyl )p| p

4- hydr oxy- N-(4-ni trophenyl ) pi peri d| gh:rﬁﬂepmml ) obtai fled Exarrpl e
1(1) was dissolved in nmethanol (160 ) afid t et rahydr of uran @50 ), Nalad
10% pal | adi um carbon (8.0 g) was added thereto, followed by stirring-at
room t enpef@iogle in an 25 at rmsphere of hydrogen gas for 7 hours. After the
i nsol ubl e materi al f| I %ered %\?Vag(&'a thﬁ:g fil Lrate wasg,concentrat ed

under reduced press %ﬂ’iﬂ dded o Ffe Not ne Fest due,

and the prasiwd, taﬁelms:@bmecagdasomf Bl stayl qmotteheﬁeéygnm;alsmmgas

4- hydr oxy- N- (4- ani nophenyl pi_peridine (9.25 g /%L as 30 a reddi sh-purpl e
sol i d. S1H- vt {opeidymethy 1y 65510770 (I a@ﬂ) sgl.OF ¥+ (m 2H),
2.71-2.85 {gmoRH), 3.23-3.92 (m 5H), 6.64 (d, J = 8.9 Hz, 2H), 6.83 (d, J

= 8.9 Hz, 2H) [0148] 35 Exanple 1(3)
The production meéthod shown in Reaction Scheme 4

inciudes the first step, in which an elimination functional group
¥!l-containing compound (4a) is reacted with an amino-containing
10 ester compound shown in Formula (4b) to form an ester-containing
compound shown in Formula {4c); the second'step, in which an
ester group of an ester-containing compound (4c) is deprotected,
and then condensed with an amine compound shown in Formula (4d)
by an ordinary method to form an amide compound shown in Formula
15 (4e); and the third step, in which the compound (4e) is subjected
£o nitro group reduction or deprotection of a protective group of
amino group by an ordinary method, thereby forming an amine
compound (4f).
[0108]
20 First Step
In this step, the ester-containing compound represented
by Formula (4c) can be obtained in the same manner as in the
first step of Reaction Scheme 3.
[0109]
25 Second Step
In this step, the ester of the ester-containing

compound shown in Formula (4c¢) is deprotected by an ordinary,



-37- N-(4-(4-hydroxypi peridin-I-y1)-phenyl)-4-((1-nethyl pyrrol-2-y1)-
carbonyl) - 1- pi per azi necar boxam de 4-ni trophenyl chl orof ornate
(242 ng, 1.2 mmol) was dissolved in tetrahydrofuran (3 nl), and a
tetrahydrofuran (4 m) 5 solution of the

4- hydr oxy- N- (4- am nophenyl ) pi peridine (32)1L ng, 1.0 mmol) obtained in
Exanpl e 1(2) was added dropwi se at -30C. After stirring for 30 m nutes at

the same tgRer akHhsd, lardd kneietbidedded Wikl tBe Yy Gay Rompbhpd psidd ne
hydr ochl ori de 252 rrg, 1.1 mol) and triethylamne (0.49 m, 3.5 mmpl) were

added to t ani(48hrer & aaléwebersostin ltihﬁg S%er%mﬁ%ﬁﬁeﬁﬁt the Fidgst17
hours. %tfeﬂeéflgiéﬁngah%%b?n%ef&rﬂr\l%‘?ﬂésaﬁ@ié'té&ﬁbdﬁ?@ addessdr ddhe
reacti on m xt ure | owed by extraction with ethyl acetate. The organic

| ayer maslmaihéﬂmﬁﬁth4®h{er and saturated sodiumchloride, and dried over
anhydr gus m sul fate. After the desiccant was 15 filtered off, the
reS|due ob aln d by evaporation under reduced pressure was purified using
nmedi um pr edsirde S¢ebi ca gel flash col um chromat ography (NH silica gel,

nmet hanol : chl oroform- 1 50);, b i
N- (4- (4- hydrOXyplperldgﬁl E%p,(a LRELEDY, RRLRIA BY an amino group in

phenyl) - 4-{Hd -samichypbpysr Qis 21y thecvborty Hted oZ0RpaperariSceenebdxam de (256
ny, 62% %_131 | ky-white solid.

1H NIVR( 13)-8(ppm 1. 60-1. 78(m 2H), 1. 93-2. 08(m 2H), 2.80-2.95(m 2H),

3. 40- 3063 (m 6H) 3. Tzﬁresc,%@afuﬁdiﬁ BaaSQ(SAbiBH)an@ 0R1)6 uked( 1 Hédcth.odb

( brzi ( éH) J Sc ﬁzaﬁ% known ,6 o7r0 can ge7 rganulf@ctureg §dé J]m:ow%' rgne't_Eég .H) '
[0112]
0f the compounds of the present invention, compounds
having particular functional groups may be converted to other
15 compounds of the invention by chemically modifying these groups,
as shown in the following Reaction Scheme 5.
{0113]

Reaction Scheme 5

n

R%00G
i(H2C) N@\ o NHR3R*
N e

(5¢) o R
20 [0114]
In Reaction Scheme 5, RY, R?, RS, R®, n, and | are the
same as above.
[0115]
In the production method shown in Reaction Scheme 5,

25 the carboxylic acid compound obtained by deprotecting the ester



25[ 0149] Exanple 2 4-((((l-methyl pyrrol-2-y1)-carbonyl)-1-
pi per azi nyl ) car bonyl ) am no- 4- phenyl pi peri di ne- 4-carboxylic acid Exanpl e

2(1) 30 1-(4-nitrophenyl)pi peridine-4-carboxylic acid ethyl ester

Fol | owi ng the procedure of Exanple 1(1), isonipecotic acid ethyl ester was
used instead of 4-hydroxypi peridine, thereby obtaining

1- (4-ni trophenyl) pi peridi ne-4-carboxylic acid ethyl ester (95% as a yellow
solid. 351ddndRndCEERS) : irb E(cmmmiLal 23) (tor Jan—a@t?véizSpe’iﬂ)e,s th80edf 9 (m
-38- 2H), 8 2 ( H) ..3.01-3

3°8a- 3 b2 GHASSRP Ab1ing deng” nignar s ek eBef ockp e Madlony o 1)
(d, J = 7.gcrdine 2HvitR1H amiEagphpodi@)represented by Formula (5b), to
1-(4-amn %)henyl )pl@gerl di ne- 4- car boxyl ic acid ethyl ester

Fol | owi ng ure SIRSKERpI(eC1(2), the 1-(4-

ni troplgeny!(j]plegerl di ne-4-carboxylic acid ethyl ester obtained in Exanple
2(1) was used instead of 4-hydroxy-N(4- 10 nitrophenyl)piperidine, thereby
obtai ning 1-(4- ami %H@ﬁyp)fpﬁn%@l%ﬁ}ﬁ@e@réﬁr%@)&mﬁsc &6 BreseRl iastee

(quant. ) Q§x§xﬁﬁﬂﬂ'§P b%ﬁWEh‘ﬁ usékhﬁmgg(éajg%§lve 1£§§691e%t23f(£he3 =7.1
Hz, 3H) , 3.20-3.64

(m 4H) T ITE neq o Jti&e 7p11es}qzut 2Hyentslcm (crptlg:aﬂc SsgnaLs d:ziﬂ) toa 82 (d, J =

8.9 Hz,
4 (1 AT BT O] S Bo Ao aprgigecegponers) and other
car boiyl )amcmﬁ-m phgnyé mmendn n&he- ppedaty linyeatidn etriydmpestes isomers
Fol | ow ng e Le 1(3

o ggeg loRiA afia ke ]‘Ieethsht%’eg"é?er obt ai ned i n Exanpl e

am nopheny p| per| di'fe- 4-car oxylic¢ acra
2(2) was upEdilnstead of 4-hydroxy-N-(4- am nophenyl ) pi peridine, thereby

V1) - carbony1) - 1 pi per i iy PRORAr by IS AU RERy 51 BRr PAFHER 4-

car boxyl i cirgpiadiiehlybf esiiemddR%heass ata |goesehict enseht itbn, 1BnMMRP4GRGEL3) 1 5

(ppm % 27béarmééeutlcal{t acéggta%l£5§ro§kué Pharmaceutically acceptable
prodrugs are compounds having functional grcoups that can be
converted, under chemical conditions, such as sclvolysis, or
under physiological conditions, into amino, hydroxy, carboxy,
carbonyl, or like functional groups of the compound (I), which is

20 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
Pharmaceuticals)”, Vol. 7, pp. 163-198, Hirokawa Publishing
(1990).

25 [0118]

The compound {I), which is useful as an active
ingredient of the medicine of the present invention may form an
acid addition salt or a salt with a base. Such salts are included
in the present invention insofar as they are pharmaceutically

30 acceptable. Specific examples thereof include acid addition salts
with inorganic acids, such as hydrochloric acid, hydrobremic acid,
hydroiodic acid, sulfuric acid, nitric acid, phosphoric acid,
etc., or organic acids, such as formic acid, acetic acid,
propionic acid, oxalic acid, malecnic acid, succinic acid, fumaric

35 acid, maleic acid, lactic acid, malic acid, citric acid, tartaric



4H), 2.33-2.48 (m 1H), 2.67-2.84 (m 2H), 3.42-3.65 (m 6H), 3.70-3.93 (m
41-), 3.79 (s, 3H, 4.15 (q, J = 7.1 Hz, 2H), 6.06- 306.15 (m 1H),
6.30-6.40 (m 1H), 6.41(brs, 1H), 6.69-6.76 (m 1H), 6.88 (d, J = 9.0 Hz,
21-1), 7.22 (d, J 9.0 Hz, 2H) [0152] Exanple 2(4)

4- ((((1-nethyl pyrrol 2-y1)-carbonyl) - 1-pigerazinyl) -

car bonyl ) am no 4- phenyl pi peri di ne- 4-car boxyl ic acid -39- The

4- ((((1-nef p%é&@ﬁn%cM%%x?a%QQQYé)aéid methanesulfonic acid, para-
pi per azi ny1y-¢arbonyl)am no- 4-phenyl pi peridi ne-4-carboxylic acid ethyl

ester (234:qig1en@salﬁmi asbitchi HeULAR Eaisle e2C3) SRSLIVESH VBerFIRic
t et rahydr a%re%n g%iﬁ @%@%gggsi&n 5(§r§g§es§&q aca'?lc?mﬂ sgg{ug m ydr oxi de

aqueous so utidn was a thereto, foll d by stlirri ng
at room termnr,amgeniorb&df&)mh Aﬁtmtmﬁeamel&etﬁﬁhﬂﬁrmnﬂremﬂ%mémﬁ:ed to

0C, a 5, ) dg\ﬁgg}ng;' gxge"d (ke %a@l 2B d& cﬁdggdigglﬁ@,e J:8aGEHan

m xt ur ) Fact iOn W th am xe vent

met hanol : chdrarefiaem étc 10)andl Femongeami salte.er was washed with water and
sat ur at ed C!LI m chl oride, and dried over anhydrous sodium sulfate. After
the desi cchft s filtered off, the residue obtained by evaporation under
reduced pressure wasThgiedentt inedeiiny ferbrer drimimglaysebt thaimgirates,
4- ((((l-rmet hyl pyrrol

1)- 15 . .
car bony1) -3Ra5ESaz F‘ﬂ?l%r%%ﬁaﬁor%?ll)yglﬂfﬁ%sﬂ Hhdhg FPERPTH nid-4- "BEFBGS 1 i ¢
acid 0B67 Mbfuid¥s as @cmxlr&mi@ﬂetd@eﬁ@l b t HeHINRC { £DEB ) theb pirppedt

1.79-2.13 (m 4H), 2.38-2.54 2. 65- 2 m 3.45-3.67 (m 6
3.71-3.94 Jgrpﬁermtgm 3apd Q%aﬂ@rq)euteCé%lis élQFe(HﬁabiLg) Sa]a‘t%sﬂ}?r&@fcm 2I(—|) i
6.68-6.77 fgaochH). 206.90 (d, J = 8.9 Hz, 2H), 7.21 (d, J = 8.9 Hz, 2H)

[ 0153] Exarrpl e 3
4- ((1- met hyl pyrr ol - ZRen) ac phssmpasuN.qad- CPrRBEbhEPE Font@iagr Blafiy| pi peri di n-

1-y1)- phedr%# I]azglp%eegﬁ%g&?@r@f”&a@aQ% géeM&o%ﬁ%ﬁg to _Iizﬁle present

1-(4-nitr i peridi ne-4-carboxylic acid
1- (4- mStrommytll)cm,perphaneaaﬁward@éxyﬁrtlatlCdiIEtbﬁﬁyFldé@ftierlﬁ Zergigedio mol )

oot ons e AR SRt IR0 Vetshe Aifeaslatiing pandchdpl <od L
m xt ure wasnd e:frelajmedtupdepo$msa.t Epamgdldw it thet dpsawnliany tLDCl@dﬁ'noral
the m xt uret oS e S, B ST AT E L EBrT BEL S by P PEr ot R TRer abye
obt ai ni ng 4sf 1(14%;9@; t mahepyé@wmrdrﬁ laee4pnefémk:we| ¢ Sachdd¢aakr fgm@?%n as a
35 ye%kPMIgO|%éLmed by a method conventionally known to persons skilled in
the art.
[0121]
As the pharmaceutical carrier, various conventional
organic or inorganic carrier materials used as preparation
25 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,
or scothing agent in liquid preparations. Moreover, a
pharmaceutical preparation additive, such as an antiseptic, anti-
30 oxidant, colorant, sweetener, and stabilizer may also be used if
required.
[0122]
Oral solid preparations are prepared as follows. An
excipient, optionally fogether with a binder, disintegrant,

35 lubricant, colorant, sweetening/flavoring agent, etc., is added



-40- 1H-NVR (DMSO-d6): 5 (ppm) 1.49-1.68 (m 2H), 1.84-2.00 (m 2H),
2.50-2.66 (m 1H), 3.01-3.19 (m 2H), 3.90-4.05 (m 2H), 7.02 (d, J = 9.4
Hz, 2H), 8.03 (d, J = 9.4 Hz, 2H), 12.28 (br, 1H) [0154] 5 Exanple 3(2)

1- (4-ni trophenyl ) pi peri di ne- 4- nor phol i necar boxam de The

1- (4-ni trophenyl ) pi peri di ne- 4- car boxyl i-@lacid (10.1 g, 40 nmol) obtained in
Exanpl e 3(1) was dissolved in N, Ndi nethyl formam de (25 ma), and norpholine
(5.2 g, 60immmlthe tompdurd il tBe( Breent hiylvamithopr opypnasucsotfb ket

hydrochl ori d w2 48 I an - r trl | e o] e (6.7
g, 44 mol C)‘oa\liteer(dz t&ﬁg‘%‘ast h%rgrge%} o,esf og?%(\%\ée%g’b%%? |E?L %lghgé%\zltglrenilgﬁtg’ E%%{er?gt heat

at 70C. Afdreromidebirpgmeéthasdom t enperature, water was added thereto, and the
precipitat E@%ﬁ collected by filtration and dried under 15 heat under
reduced pr e, thereby obtaining 1-(4-

ni troplenyl ) pi peri difdemdpleer phodidgeaniexantdedd lackoge, 950 ras: ,a Dyel | ow
solid. 1H NMVR (CDC13): 5 (ppm).1.80-2, 08 4H), 2.68-2.81 (m 1H),
2.95- 3. 13 [FRNIZQL, S.lH%Q%‘?%St(aﬁFhSkﬁ?l%l.%@-c%%?n%f %031@.'81 (d, 20) = 8.4
Hz, 2H), &nﬂéxdd%ys%afl§né'é@&ldi@kekoéﬁ@]siiﬁﬂﬂ@ ecdd3)

1-(4-am nthen | ) pi peri di ne-4-nor phol i necar boxam de Fol |l owi ng the procedure
of Exanpl e @(25/] the 1-(4- 25

ni trophenyl ) pi peri di fend1aRr BRohi fecal hexanhde,obtai Redahpl Pxamd®adbs) Wwas
used instead of 4-hydroxy-N-(4- nitrophenyl)piperidine, ther ebé obt ai ni ng
1- ((]I g_- 1ﬁm’ n%ﬁwamnlpléz pélﬁ@ll@l(NﬂY@Zmréh@g*%&%@?anilggu%@w&:(tﬁc , liquid

r eddi sh- pu 50l id - : - ,
1.92-2.15 ‘%éf)niétfls—rb bzf“ig%@dw(%% Eggﬁi %ﬁ%-@% l% n 1%&',& éﬁ_ﬁggﬁl{‘%, J=8.9
Hz, 2H), 6c8Rlyidse) hy8rOxymorH) steiss] mexdyd ee3{4)olss ethyl

4-((1-met hylpyrrol -2-y1l)-carb = 4- (4-.npr | Lard oyl = - -

car bonyl pi %%fjl}'u it - 35/% ilp (g’nyc%)qééﬁﬂﬁi’\%}é?s Q%{ga%gxg%%%ﬂylpﬂ%%hdone'

Fol | ow ng {tie25r ocedure of Exanple 1(3), the 1-(4-

' | ) pi i di ne-4- |, i b i d bt ai ned i le 3(3
e ot 2aiof . hysEToR, Ph LS IR e e LA Ry Bl o i
4-((I- rTEt i’@{ll(prﬁmii- ?gar powdelr_, slodium hycti)rogeln .carbprdlc.ate,l cal)cium
1) - onyl) - - (4-nor phol i n-| -yl -car bo i.peridin-1- - .
eyt 3 R e CARBUR i ( BIIESES VAT ARt e oo pprand
(0D013): 614@psBe.l. 72-2.12 (m 4H), 2.47-2.78 (m 3H), 3.43-3.90 (m 18H),

3.80 (s, 3%( 6.07-6.16 (m 1H), 6.33-6.39 (m 101H), 6.44 (brs, 1H),
6.69-6.78 (¥2@H), 6.88 (d, J - 8.9 Hz, 2H), 7.22 (d, J = 8.9 Hz, 2H)

20 Examples of lubricants include purified talc, sodium
stearate, magnesium stearate, borax, and polyethylene glycol.
[0127]

Examples of colorants include titanium oxide and iron
oxide.

25 [0128}

Examples of sweetening/flavoring agents include sucrose,
wild orange peel, citric acid, and tartaric acid. |
[0129] |

Oral liquid preparations are produced as follows. A

30 sweetening agent, buffer, stabilizer, sweetening flavoring agent,
etc., is added into the compound of the present invention to
produce an internal liquid medicine, a syrup, an elixir, or the
like using an ordinary method. In this case, sweetening/flavoring
agents as described above are usable. Examples of buffers include

35 sodium citrate, and examples of stabilizers include tragacanth,



[0157] Example 4 4-((l|-nethyl pyrrol-2-y1)-carbonyl)-N-(4-(4- 15

nmor phol i nonmet hyl pi peri di n-1-yl)-phenyl)-1-pi perazi necar boxam de Exanpl e
4(1) 4-hydroxymet hyl - N-(4-ni trophenyl ) pi peridi ne Follow ng the procedure of
Exanple 1(1), 4- hydr oxynet hyl pi peri di ne was used i nstead of

4- hydr oxypi peri di ne, 20 thereby obtai ni_?_

4- hydr oxynet hyl - N- (4-ni t rophenyl ) pi peridine (97% as a yellow solid. 25

Exanpl e 4(gin 4@ OX¥aRSdM it (4enhéeophany| hai egét&fras t The
4- hydr oxyrr%%nﬁyl N (4- nlg‘ra%p enly | ) pi peridine (47.3 g, X rcr:I%I )ln%b?glaned in

Exanpl e 4(qqa1wa§ dHos sBEyeSe Fhsy PRYPReLEBH0 oioeﬁff)ect%lr@rpbteopﬁ@m@%ﬂl fohy|
chloride (4 40, "D %/\&OMS QBQP ihsret e updersi 6e-cRelihRgagdold oned

by stlrrlng or 4 ours. was ad ed to the reaction mxtuare; and the
pr eci pi tat:ewﬂasiecd)ﬂytieoxmlrctgylﬂndtﬁwét tehlulkias,oletavhece Sollicgewas dri ed under

reduced pr e e tal - ynet (

nit rop%eny ?%éljoﬁ{ i ?%]Zﬂlt;m% gg/)ﬁ%%?é%f% g\%lg%lIL %‘é %Ozggxf’fl—l- NVR

(obC13) : GeT(Tmt)]IﬁnengQedzlA(hI(dnTh@el)‘L, 80. 7&-ded@®temed2taddn00-2. 12 (m 1H),

2 46 (s, 3{—%1 (ﬁ 87-3.03 (m 2H), 3.90 (d, J = 6.4 Hz, 2H), 3.90-4.02 (m
6.78 9.4 Hz, 2H), 7.36 (d, J =8.4 Hz, 2H), 7.79 (d, J = 8.4

IA_,|Z’ ZH%] I8 09 (ﬂ IJ Eﬁacltlldhs ﬁ?tﬂ)plgéﬁzﬁﬁd E)salﬁ@llaov&f( 3)A pH adjuster,

- nor phol i nopget hy 4-ni trophenyl,) pi peri di ne

1L ooyl oxy AT, RECRL AL EP b T Bro8E: I/ 36P85Th FesBE tifol F50tn ai ned

i n Exampl elél(a'%ﬁdé&ﬁinﬁbsﬁﬁé V&shddurde bRy thetpndsdeet eneefdch Mo praadesadi um

i odide (45.0 g, 300 mml) was added thereto, followed by stirring at room

t enper at ur PGt ane@EFs InFRFiAOyC éPa B RABIHIST (5IEPREIT2aS 6R ni xture,

and the i nsof bl Bt @ﬁh@&tﬂ?& ddinyebRAo W itk e kil Bod SU FE@&'CYf the 15
organi c | ayer was washed with water and saturated sodium chloride, and

dried overusatheirsusdivatens suid ALELenst 8 HHE FESPceRRtUdRmSObiiFer ed of f,
di i sopropyl; gther wag;added-tad herntesbdien YHRiR8de. Examples of usable

15 stabilizers include sodium py}osulfite, EDTA, thioglycolic acid,
and thiolactic acid. Examples of usable topical anesthetics
include procaine hydrochloride and lidocaine hydrochloride.
Examples of usable isotonizing agents include sodium chloride,
glucose, D-mannitol, and glycerin.

20 [0131] |

Suppositories are prepared as follows. A
pharmaceutical carrier known in the art, such as polyethylene
glycol, lanolin, cacao butter, and fatty acid triglyceride, is
added into the compound of the present invention, optiocnally

25 together with Tween 80 (a registered trademark) or a like
surfactant, followed by production using an ordinary method.
[0132]

Ointments are prepared as follows. An ordinary base,
stabilizer, wetting agent, preservative, etc., is added as

30 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,
octyldodecyl alcohol, and paraffin. Examples of preservatives
incliude methyl parahydroxybenzoate, ethyl parahydroxybenzoate,

35 and propyl parahydroxybenzoate.



by evaporation under reduced pressure, and the precipitate was coll ected by
filtration, thereby obtaining crude iodide. The 20 obtai ned crude iodide
was di ssolved in acetonitrile (150 m), and potassium carbonate (19.7 g,
143 mol ) and norpholine (12.4 m, 143 mvol) were added thereto, followed
by stirring at roomtenperature for 2 d&ys. Water was added to the reaction
m xture, followed by extraction with ethyl acetate. Subsequently, the 25
organi ¢ | aydr33das washed with water and saturated sodi umchloride, and

dried over anhydrou I Af L ar I,cgapt vas fd d of f,
t he residue obtainegeggﬂegg&%gaeggﬁegﬁgég ?%gﬁ¥g§§fﬁgs§%?e magmkﬁgﬁﬁied
usi ng nediwirmhprtessabevsidintacgel @reaﬂu(gﬂlunpashennaungraphyg an

th | : chl.or of = 0:1_t 30 30_t her eb; i
g?ﬁnrgﬂgll 6h@F%§F@%%T%§hiF§%E% ny%ﬁbﬁﬁ Pld#ﬁé%ﬁggd%lﬁ?gg%Q%r 7o WSF%%S) as
a yeI | ew Sﬁhxdcslirdacﬂ&/RE:(ﬁD@b&):onﬁ émpﬂ)e fibérd, 38nd mheitlral 1f 025 ;0@ngm
2.21 , 6-.3. 2H) ,
3 62 3.78 éﬂf“%ﬁ?d ’éo%‘% %%E)S(H% %‘Fﬁt %lréf(&mEB g%i‘ie'g W?gﬂf‘?n%lesg%‘.dlo (d,
3 = 9.6 Hxpoldkrethdse. [ 0160] Exanple 4(4)

4- nDrphollnonethyI N- (4- am nophenyl ) pi peri di ne Foll ow ng the procedure of
Exanpl e 1(5}34ﬂhe 4- 5 nor phol i nonet hyl - N- (4-ni t rophenyl ) pi peri di ne

obtained in Exa”p|eiﬁﬁ§kmwﬁﬁtU§§ijﬁ %Quﬁ& of the present invention to
4- hydr oxy- N- (4-ni trophenyl ) pi peri di ne, thereby obtaining

4- or pAol iRFoIRERRRLORE (11 AHTN0BhEATRYDI HE eﬁoﬁ@ LR &?P&nﬁié’aau Ih-T4F pl e

i d. 3 .2
i82l 6.2 7%5?&#}@{3 H)C%?]:%e? ];%t(lgﬂ? ot &5 tnel %o@ﬁg ) @Qé ldegsg_r(a{@les {I;DA, (d

J = 8.6 HamEHE L0161 dcays @n4§5form 15 about 05 to about 1,000 mg in

4- ((1- et I r 4- 5

nDrphollng%%$%%F%|per|% ﬁ%%'?%gﬁéﬁenyég %&Em%epag}dg%éi 5¥aﬁpg rg dn
Fol | owi ng tHee qasecefluare ofjdetdmpl eand Jhouthd 4o about 1,000 mg in the
nnrphqllnoneth¥J N— 4- anlqﬁfhenyl)plperldlne obtained in Exanple 4(4) was

used Rsteéﬁ;o 4- hyﬂ?%x@ éﬁ am nophenyl ) pi peri di ne, thereby obtaining
4- ((1- met hydi®pirol - 2-yl) -carbonyl)-N-(4-(4- 20

rorphol ) noret | plpSplti el BeapeLanipseatoRanL . (200 oo @
1H), 1.81- dep%&cisrfant‘l)le or22 tidn, Joasd¥ . deidht, 2|aj);e, zgaade?c 5&tem éfi)the
o 32 (b 5, PAHERTS) 3026 HEPer THYS B0 6078 B THECR tagedl o1 hy
2H), %020 i@ikgl ma9 Ee*@enéﬁ@lﬂﬁoéﬁaht 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.
[0136]
Since the H-PGDS inhibiting action is attained in
25 mammals, and especially man, by administrating a medicine
containing the compound of the present invention, the compound of
the present invention is useful in treating, preventing, or
improving diseases caused by PGDZ generated by a synthase or
metabolite thereof. The compound of the present invention can be
30 administered to mammals including humans, monkeys, mice, rats,
rabbits, dogs, cats, cows, horses, pigs, and sheep. The compound
can be administered to mammals orally or non-orally by an
crdinary method.
[0137]

35 Examples of diseases to be treated, prevented, or



Exanple 5 4-((1-nethyl pyrrol -2-yl)-carbonyl)-N-(4-(3-(2-(1,2,4-triazol-

30 yl)-ethyl)pyrrolidin-1-yl)-phenyl)-1-piperazi necarboxam de Exanple 5(1)
3-[2-(1,2,4-triazol-1-yl)-ethyl]-N(4-nitrophenyl)pyrrolidine The
4-tosy|oxynethyl-N—(4-nitropheny|)piperidine (39.0 g, 100 mmol ) obtained in
Exanpl e 4(2) was di ssol ved in nethyl 3Lhy| ketone (150 m ), and sodium

i odide (45.0 g, 300 mml) was -44- adde thereto, followed by stirring at

room termea_ a8y » &M@céhh%aﬁ%&é{te c\éﬁﬁa@ﬂﬁ&jﬂ 2 BRpheaetdORkhe
m xt ure, thelnsolube mat eri al was ltered with Celite. Subsequently,

t he or gamp@rawér imaenvehdaokutn %l%?glé?n@l§8@§?at3éeﬁl§6’lﬂﬁaﬁﬁ‘%rﬁjoﬁqa§@ 5
and dried aqmeényg%%%ﬁ%l%dl glaégéfate After the desiccant was filtered

of f, diisopro er was a to the residue obtained by evaporation
under r eduldBd8dr essure, and the precipitate was collected by filtration,

t her eby obtai ning cr, i odi t i.odi nas; di din
acetonlgtri l e (160 mé)g(%%ﬁ’&ggog i%%(gﬁg: ﬁhggg%g%%ggil&g% fl%%ocar on%t%g 24. 9
g, 180 mmmidllamdsisp, dllesﬁcazolrelﬁgtsé, g5iriB4 timel ptivere medded &hbrmtic,
foIIovvedb stirring at 8QC.for ours. . Aft.er ther t| ure was

al | oned td W&HCHV?B%% tsﬁﬁ}&gaFﬁFar%t%tOpm&st% ett Her %tg 8%é%d t he

preci pi t atemgieok| ea::tl@dfcknd filleraiéon @md:h!élsleedbrd'rh‘:ﬂu’laﬁ. abthinaed solid

was purifi usi ng ne ressyre silica sh col um _chr omat ogr aph
(rret hanol Q‘th g?maijeer Yo T l§é*)’-lsth8é} nblﬁtl i #F preféra [t ograpny

3-[2- (b, 2, #kelnid1@80b £ 11 ¥F ) RiriitlolryNaf deasd riopheny! tRysmin mbsmeu(:ﬂﬁrét g, 63%

in 2 steps) as a yellow solid. 201H NVR ( CDC13) rg 80 (m 1H),
2.00-2. 35 Rqﬁm%ﬁ)ry él@%?rl&ﬂ(%r%mla% %U@O@&a( n]il%r% enz?%é"%*fy J=17.0

Hz, 2H), Qnﬁﬂmﬁﬁ. T oéﬁﬁ@bh;ﬁ@% Zﬁe@ﬂbﬂiﬁ tekicB81d4 frbumdtisf, 4 Hz, 2H),

8. 12 (s, 1) 10163] 25 Exampl e , o
3-[2- (1, 2,deganiex2bive - §FREihiS), - RULAIRKE rspIfERyiPpy+RbIATEAtETY Powel

Fol | owi ng oc e a@%rrq t 2-
(1,2, 4- tl‘l%ZO afye' %M %P N(4b§f>%$%%ﬁsen%2%?[rar ole::d?k}leemadbtlg;:ﬁed in

Exarrpllé 5(s;_3nd.meusemh%$.eaﬁ:tcof r4ph§’@ITBT@A NeE4engeini t¢usmésy| ) pi peri di ne,
thereby o [
yl) - et hyl]&%%yiﬁgfﬁ%no% eny pyrlrsg%égfn EzeQrG% 51%1 én u%yd” sahlr1 grp e solid.

1H- NMVR (Cmajaacu@n( ppm;tniorss .87 (m 1H), 2.00-2.43 (m 4H) 2.75-3.70 (m
425 %1039]] 1 Hz, 2H), 6.44 (d, J = 8.4 Hz, 352H), 6.68 (d, J = 8.4

Hz, Cs, 1H) 8.08 (s, 1H) -45- [0164] Exanple 5(3)

4- ((1 rret hyI pyrrol - ZExehyplear boimylgta)dége(rﬂer(a&l@é ¢is@qskd dingzobe Imusculaxr

%rlz)cgé@yl )(g%/rrol i di n P)?:%g @1% E‘ug azdys%%%% (l)f?fan}n1 le, 51|;olal ow ng the
myogenic dlsease, Becker's muscular dystrophy, limb-girdle
muscular dystrophy, and congenital muscular dystrophy; various
myopathies such as congenital myopathy; amyotrophic
lateralsclerosis, which is a neurogenic muscular atrophy; muscle

25  strain; cardiomyopathy (cardiac infarction); and diabetic
peripheral vascular disorders (vascular smooth muscle discrders).
Preferable examples of myodegenerative diseases to be treated,
prevented, or improved by a medicine containing the compound of
the present invention include Duchenne muscular dystrophy,

30 Becker's muscular dystrophy, and amyotrophic lateralsclerosis.
[0140] |

Furthermore, the medicine containing the compound of
the present invention is expected to improve the treatment and
prevention of mucus secretion problems, reproductive problems,

35 blood coagulation disorders, sleep disorders, pain, vision



triazol-1-yl)-ethyl]-N(4-am nophenyl)pyrrolidine obtained in Exanple 5(2)
was used instead of 4-hydroxy-N(4- am nophenyl) pi peridine, thereby

obtai ning 4-((1-nethyl pyrrol-2-
yl)-carbonyl)-N(4-(3-(2-(1,2,4-triazol-1-yl)-ethyl)pyrrolidin-1- 10

y1) - phenyl ) - 1- pi perazi necar boxam de (62%s_as a mlky-white solid. 1H NMR
(CcbC13): 5 (ppm 1.62-1.78 (m 1H), 2.02-2.38 (n, 4H), 2.89-3.03 (m 1H),

3.22-3.67 £y 17éﬁ‘)s éb@gztté( 94Ln§rﬁﬁhofsh‘kh 3. 83 Gotodbhund BAGelbesy Fo 7.1 Hz,
2H), 6.07-86. 15 1H)’ 6.33-6.41 (m 1H), 6.48 (d, J = 8.9

Hz, 2H), @W@ngeﬁ?ﬂqﬂwmw ?ﬁxézl(l@lm%r digegspyor Mgainy dgmags, quB/OIB 09
(s, 1H | ﬂr&ﬁéﬂ %HB! rﬁ_osﬁﬂ( (& eﬁtﬁgéﬂé/rdaﬂlag% y B caphenyd) - N4 (4
oet pI |n- -y1) -

nmor phol i n peri henyl) - 1- pI perazi necar boxam de 20 Exanpl e
6(1) 4- hydmmwetmyalitl\lcﬁkll metqu@ﬁmyl Fpapafidrgiagéon and metastgghe oWy t he

procedyr e olomamLeid(dse 4o dr xvELINPicREELne vias used instead of

4- hydr oxyef tiyd 1] N-(4 nit rophenyl ) pi peri d| ne 25( 100% as a yellow solid.
1H NVR ( CDC13) nl) 1.18-1,.40 ( é% 5I—gl I285303(m
t in 6t T a 7

2H) 363378(m%°§§5ﬁ Urf%%ln) ae Ho* 8. 07
gdt J r 9. ﬁﬁéﬁﬁnﬁﬂdh4bﬁlfﬁﬂlﬁ?érﬁk&ﬁ?leléffﬁers due to PGD2 Oﬁllts .

osyl oxye - N ni trophe erjdin ol l.owi ng the
procedur e BFE %@H’&%@ 1 4T atshgyﬁ? Oh%ﬁ) %Hﬁerﬁlp%ﬁnhlcﬂlra@&%ﬁyl ) pi peri di ne
obt ai ned 'féﬁ@ﬁﬁﬁ@t 6(dnd Wagndss eggh B§éeash Of Furthermore, since it can

A

4- hydr oxynet hyl - nltrophenyl)plgerldlne 35 thereby obtaini

4-tosyl oxy%'%ﬂ’me-ﬁﬁ- ZDAT R YHIEFITPRE BT e e CONFEact oy s Cémyéﬂ-g%vpesol id.

1H NNR (ng@a 1r5t@1@p€¥e§-trﬂer§ftl a3 /oM pgﬂentjioi5b¥ ;8_14féf‘ﬂ:|.15.1. , (M 2H) 4.10
(t, (d, J = 2H), 57.80_(d, .4 Hz (d, J =9.4

Hz, 2H) [O@_‘ﬁﬂf!le%ﬂ?ﬁﬁe mesyam%ﬁéwmetm msenom%i%ﬂwwpybﬁpen di ne

The 4-tosy l: §4z4i trophenyl ) piperidine (2.02 g, 10 5.0 mmol)
obt ai ned |}F-1 tgér?g)ﬁelsg% § was di ssolved in acetonitrile (20 m), and

pot asgibum car bonate (1.38 g, 10 nmmol) and norpholine (0.65 m, 7.5 nmmol)
wer e addedE;i L0, followed by stirring at 80C for 15 hours. After the
reaction mxture was allowed to cool

[6142]

The present invention is described in detail below with

reference to Reference Examples, Examples, and Test Examples,
20 which are not intended to limit the scope of the invention.
[0143]

In the folliowing description, 1H-NMR spectra were
measured using TMS (tetramethylsilane) as an internal standard,
and the chemical shifts are indicated by 8 (ppm). With respect to

25 the chemical shifts, absorption patterns, coupling constants (J),
and numbers of protons are indicated in parentheses.
[0144]

The following symbols are used for absorption patterns:

s = singlet, d = doublet, t = triplet, g = quartet, dd = double
30 doublet, m = multiplet, br = broad, and brs = broad singlet.
[0145]

Morecver, the following symbols are used for structural
formulas of compounds: Me = methyl and Et = ethyl.
[0146] |

35



to roomtenperature, ethyl acetate was added to the reaction 15 m xture,
and the organic |ayer was washed with water and saturated sodi um chl ori de,
and dried over anhydrous sodiumsulfate. After the desiccant was filtered
of f, the residue obtained by evaporation under reduced pressure was
purified using nmedium pressure silica gelo-fl ash col uim chromat ogr aphy
20(met hanol : chl oroform = 1:50 to 1:20), thereby obtaining 4-

mor phol i nd&asEleNL( 4- ni t rophenyl ) pi peridine yellow solid. (1.23 g, 77% as

a 1H NVR(GDG13),.,5 71700y 5H) y _ -88 2y oyl -
2.29-2. 52%m! %]qlg-c)(llzggg%%prﬁ]r%é)%gh 6!6_%)3.%%%11[4?-0 ,((%%és- By T an
6.77 (d, Xar@nglhz]l-pHysrazigecadbodamide 4 Hz, 2H) [0168] Exanple 6(4)
4- nor phol i %ggq%lizﬁg4-aninophenyl)piperidine Fol | owi ng the procedure of
Exampl e 1( e T4-7 30 mor phol i noet hyl - N- (4- ni trophenyl ) pi peri di ne
obt ai néd i H+HydamzlyeN6 (8ynazohseedl) pspeaidiofe

4 hyarocy. N Cé L PSR PECL S 81808, SEILAD e igemau
solid. 1HNVR,MCREH3:hy badpnmide 2801md8, (and Hdtas2idR- 2afBoate 8Hp.9 g,
gEDS [285_29]92060( nrgmoﬁl)_i) éng' g—zhéc?r’ox%;pj;_pgicgdﬂ%e’ (?2|_2')’3 8', 892(5 dr{}mo‘]l)_ w%'rg ggded T4l
thereto, followed by stirring under heat at 130°C for 3 hours.
10 After cooling to room temperature, water was added to the mixture,
and the precipitate was collected by filtration. The obtained
solid was dried under reduced pressure, thereby obtaining 4-
hydroxy-N- (4-nitrophenyl)piperidine (41.3 g, 93%) as a yellow
sclid.
15 1H-NMR (CDC13): & (ppm) 1.52-1.74 (m, 2H}, 1.92-2.04 (m, 2H),
3.14-3.35 (m, 2H), 3.73-4.08 (m, 3H), 6.82 (d, J = 9.6 Hz, 2H),
8.11 {d, J = 9.6 Hz, 2H)
[0147]
Example 1(2)
20  4-hydroxy-N-(4-aminophenyl)piperidine
The 4-hydroxy-N-(4-nitrophenyl)piperidine (11.1 g, 50
mmol) obtained in Example 1(1) was dissolved in methanol (100 mi)
and tetrahydrofuran (50 ml), and 10% palladium-carbon (8.0 ¢) was
added thereto, followed by stirring at room temperature in an
25 atmosphere of hydrogen gas for 7 hours. After the inscluble
material was filtered with Celite, the filtrate was concentrated
under reduced pressure, diethyl ether was added to the obtained
residue, and the precipitate was collected by filtration, thereby
obtaining 4-hydroxy-N-(4-aminophenyl)piperidine (9.25 g, 94%) as
30 a reddish-purple solid.
1H-NMR (CDCl3): & (ppm) 1.65~1.77 {m, 2H), 1.94-2.11 (m, 2H),
2.71-2.85 {(m, 2H), 3.23-3.92 (m, 5H), 6.64 (d, J = B.9 Hz, ZH),
©.83 (d, J = 8.9 Hz, Z2BH)
[0148]
35 Example 1(3)



Exanple 6(5) 4-((l-methylpyrrol-2-yl1)-carbonyl)-N-(4-(4-

nor phol i noet hyl pi peridin-1-yl)-phenyl)-1-pi perazi necar boxam de

Fol |l owi ng the procedure of Exanple 1(3), the 4-

nmor phol i noet hyl - N- (4- am nophenyl ) pi peri di ne obtained in Exanple 6(4) was
used instead of 4-hydroxy- N (4-anm nophenryl) pi peridine, thereby obtaining
4-( (I -met hyl pyrrol -2-yl)-carbonyl)-N(4-(4- 10

mor phol i nagt iy (RLRGALEk s ikseh b ROV L) = eyl § LAz i PEGRIPQN R 9@1@%&@ -as a
m | ky-white ds}%:(i d. 91|—I— !\&??]E%(;DCB) :n% %pﬂhn) y%ﬁ??)oi 55 (t?]@ ?E)k 1.7 1) 89 (m
2H), 2. 34-@IBNYiy ~8HpiPgraFingcepbermide) , 3.80 (s, 3H), 6.05-6.13 (m

S 2SS i) Sy Ao Tt lronBEe 07 (i, 11D o0 3(d, J =

4- ((1- et ydgpalved- 2r yigtrnisooyayam- (3-0(4-( 2ndla2tSnahygrofuran (4 ml)

yl) - et hyl) pi d.di nzl z r -1- P a7 Zﬁ?é? 0 7(1

4-1 2-( %YZ?%JIR%&&%OP?1Fl¥%g%-g{}ﬁf3%¥%§l\ﬂ( Q’iﬁﬁlﬁ'@ﬁﬁgﬁgﬁfﬁ perl?%n%e (%f%eng( t %e

pLocegure f0 Exeipl ebbéB)ed L2 FRatpiazbld) was addedidisimeddeott nodpibl i ne,

there 0 i ning.4-[ 2- 2,.3- .

trarol - 1R CRIFT ARG (510, BIRERGT )3 1% FPRE FIBRGY=E 28§ 8T ow

s, S5 TEEE S, ) e P, DS R
. 84- 3. . 87-4, m_, , , = : ,

= 9.5 Hg, 1(22% ,m?v?léaazlg,t@le_t Igmipe” 19y Fly3 3(-‘5, mgo L) d“.eé‘er?'?iﬁ%’so &P (d,

J = 919 HamiAdre30lF817dbedmpRlterf(AYy at room temperature for 17 hours. A

4-12-(1,2,3-triazol-1-yl)-ethyl]-N(4-am nophen}lll %8' peridine Foll ow ng the

procedur e %ﬁtq5@%$§|§OQ%QW,b%qﬂ§b@nF§$ agueous solution was added to the

(1,2, 3-triazlvibny bl ety 1rdY1Ghehi by opherd iRl tEi diehyabkakngde 35 Tha

Exanpl e 7(1) was used instead of 4-hydroxy-N(4- -48- [0172] Exanpl e
7(3) 104- (PuafEchyepgEr vis 29gahed #ihonyalen pad (saturagedosadiyi ghdoride,
y1) -ethyl) pipefiidiansde ¥ LamReD) sdaPhRet & NRCarPEM g desiccant was
15 filtered off, the residue obtained by evaporation under reduced
pressure was purified using medium pressure silica gel flash
column chromatography (NH silica gel, methanol:chloroform = 0:1
to 1:50), thereby obtaining N-(4-(4-hydroxypiperidin-1-yl)-
phenyl)-4-{ (l-methyipyrrol-2-yl) -carbonyl}-1-
20 piperazinecarboxamide (256 mg, 62%) as a milky-white solid.
1H-NMR (CDC1l3): & (ppm) 1.60-1.78 (m, 2H), 1.93-2.08 (m, 2H),
2.80-2.95 (m, 2H), 3.40-3.63 (m, 6H), 3.75-3.90 (m, 5H), 3.80 (s,
3H), 6.08-6.15 (m, 1H), 6.25 (brs, 1H), 6.32-6.40 (m, 1H), 6.70-
6.77 (m, 1H), 6.90 (d, J = 8.9 Hz, 2H), 7.21 (d, J = 8.9 Hz, 2H)
25 [01489]
Example 2
4-({((l-methylpyrrol-2-yl}-carbonyl)-1-
piperazinyl) carbonyl)amino-4-phenylpiperidine-4-carboxylic acid
Example 2 (1)
30 1-{4-nitrophenyl)piperidine-4-carboxylic acid ethyl ester
Following the procedure of Example 1(1), isonipecotic
acid ethyl ester was used instead of 4-hydroxypiperidine, thereby
obtaining 1-(4-nitrophenyl)piperidine-4-carboxylic acid ethyl
ester (95%) as a yellow solid.

35 1H-NMR (CDC13): & (ppm) 1.27 (t, J = 7.2 Hz, 3H), 1.80-1.90 (m,



Fol | owi ng the procedure of Exanple 1(3), the 4-[2-

(1,2,3-triazol -1-yl)-ethyl]-N(4-am nophenyl) pi peri di ne obtained in Exanpl e
7(2) was used instead of 4-hydroxy-N(4- 15 am nophenyl ) pi peridine, thereby
obt ai ning 4-((!-nmethyl pyrrol - 2-
yl)-carbonyl)-N-(4-(4-(2-(1,2,3-triazol=3B~y1)-ethyl)piperidin-lyl)-phenyl)-
1-piperazinecarboxanide $500 as a mlky-white solid. 1H NWR (CDC13): 5
ppm 1.312H).5%2.08r238f )2. 805¢n7. - ééH) (m,2 1@51237@11%142@&, %H)ma 3.66

m 6H), 3373 s, 120 4%t , 5 J
05- 6. 14 (m %% g 32% 431870 él 6J2831_92 §€Z(’ EH?L 83_6@ '76 Z
88(d J2H:),9801|?42 (d2Hy,= 77221H(2d 28)= 9.0 Hz, 756(d J =0
= 0.7 Hz, 1H) [0173] 25 Exarrple
4( | - rreth§/ yrroI 2-yl)-carbonyl)-N-(4-(4-(2-(1,2,4-triazol -1-
yl) - et byl )Exqjmljedlzmzl-yl)-phenyl) 1- pi per azi necar boxam de Exanple 8(1)
4-[
t

(

2-(1,2,4 i_azol 1).-et hyl. N-(4 nitro eny per| 30Fol | owi ng
he procedtr Q‘{ @P@Bﬁ%ﬁ%i)éi]ﬁ‘%vﬂ%lﬁ% DGR v g hrﬂsteéga Tof
mor phol i ne, thereby Edﬁkﬂmﬂn@gtﬂe[ék&ébd&mé-of Example 1(2), the 1-(4-

triazol ni trophen eri di, 78O as a yellow solid.
1H R (cﬁéi%sop%@%bﬁ}é F e R Cohp Y R ST len et as. 0
(m 2H), 3e:8bmhe0 (Lm wgé'{)usé}i 36istbadJoF 47—h1yd146x Zhl) 4--49- 6.80 (d, J =
9.4 Hz, 2H), 7.95 s 1H), 8.08 (Es, 1H), 0.(d, _J —94Hz 2H) [0174]
Exanphd 8(@)1'-12121{1‘?“@@ pipetiqiasg) @eyquymﬁaqnlng(h &#T nopheny! ) pi peri di ne
Fol | owi ng Ahede ? Ep&ti EXRMLe 1k y1 i@ Axl éthyl ester (quant,) as
(1,2,4-triazol % ]-N-(4- nltrop)FlenyI ) pi peridi ne obtai'ned I n Exanple
8(1) was L%el’cﬁqqﬂréii{‘e HOBH QP-]hydr oxy-N-(4- nitrophenyl)piperidine, thereby
obtainin frigz 1 -e I 4- n nyl r|d|ne
(99% asgaﬂ{r%% i(ﬁ%gé‘?pl eéls% né 11'I9—|-7>I<I (5C:rlJDQIC17]3;'LI\II-Ig %n} Cgph% o? i%SH?
1.66-1. 90 44y, AHB0-2. 43- n64lH)m 22Bp72 3R 708, 441 Qm3 2@1)3 @. 48, 448k, (br

B die Al B3 e g8 o SF U (051 8,0, tepp 2y STha(%a, = 8.0

4-((1- rretlﬁ/lépyfzr,oﬁﬂ yl)-carbonyl)-N-(4-(4-(2-(1,2,4-triazol -1-

yl) - et hyl )@;ﬂgf di n-1-y1) - phenyl) - 1- pi perazi necar boxami de 20Fol | owi ng the
procedur e anple 1(3), the 4-[2-

(1, 2, 4-t riExzaoiol®- RA B et hyI ] - N-(4-am nophenyl ) pi peri di ne obtained in Exanple

8(2) was u e?t steﬁsy W%‘?my y)i)f ca:@bon;?lr? rlq?)q%gyéa%fnﬁe)rl di ne, thereby

obt ai ni ng

y1) - caloborwé;abdﬁy(ﬂaﬁlﬁn(a;’&{gihe?hﬂptlpeaminel-y—bmhyni@@@Td @thyl- e2Ber

y1) - phenyl) - 1- pi per azi necar boxam de C%Cgl? white soI i d. 1H NMR
(CDCL3): 6 (ppm) 1.30M-¥angmthepro ezOfﬁ%W?%%“% 4528 57(4m 6H),
3.71- 3. 92 dmndprle n 3}%@péﬁldﬁﬂ@ﬁ4~@agﬁo£§llé gei@ 3thgl é%ﬁer @bQ31§eé5u{n]
1H), 6.27 (brs, (m 1H) 67-6.74 gm 1H) .88 (d 9.0
Hz, 2H), §gm3%§ 212{ Lo EE) m@ed instead of 4- -hydroxy-

aminophenyl)piperidine, thereby obtaining 4-(({(l-methylipyrrol-2-

(
(
6.
6

25 yl)-carbonyl)-i-piperazinyl)-~carbonyl)amino-4-phenylpiperidine-4-
carboxylic'acid ethyl ester (80%) as a milky-white solid.
1H~-NMR (CDCl3): & {(ppm) 1.27 {(t, J = 7.1 Hz, 3H)}, 1.75-2.12 (m,
4H), 2.33-2.48 (m, 1H), 2.67-2.84 {m, 2H), 3.42-3.65 (m, 6H},
3.70-3.93 (m, 4H), 3.79 (s, 3H), 4£.15 (g, J = 7.1 Hz, 2H), 6.06-
30 6.15 (m, 1H), 6.30-6.40 (m, 1H), 6.41 {(brs, 1H), 6.69-6.76 (m,
1H), 6.88 {(d, J = 9.0 Hz, 2H), 7.22 (d, J = 2.0 Hz, 2H)
[0152]
Example 2(4)
4-(( ({I-methylpyrrol-2-yl)-carbonyl)-1-piperazinyl) -

35 carbonyl)amino-4-phenylpiperidine-4-carboxylic acid



302H), 7.95 (s, 1H), 8.07 (s, 1H) [0176] Exanple 9

4-((1-met hyl pyrrol -2-y1l)-carbonyl)-N(4-(4-(2-(3,5-dinethyl1,2,4-triazol-1-
yl)-et hyl ) pi peridin-1-yl)-phenyl)-1- 35 piperazi necarboxam de -50- Exanple
9(1) 4-[2-(3,5-dinmethyl-1,2,4-triazol-1-yl)-ethyl]-N(4-

ni t rophenyl ) pi peri di ne Follomnng t he prgﬁpdure of Exanple 6(3),

3, 5- dlnethyl 51,2, 4- trlazole was used |nstead of norpholine, thereby

obtaining 4-[2-(3, 5-¢giJrg iﬂgeéyl{l Az o% %ﬂ)) - &t I—I-kl\/g:“f-

ni t rophenyl ) pi peri di'ne (8 (CDC13): 5 (ppm
1. 25-1. 90 giperAdiny2) SGa(bgnyammeZOAé-mmﬁnyaﬁppezlgﬁnerQy;a@hpxngc B:188- 4. 10

(m 4H), (d,..Jd. = 2 J 77
Exanpl e 9(%%1 [eft{e§ ég mﬁ’h 15%o£§tr| azo(ad lnl? é?% ]22(?3 ’51% ]
Zn}20?henydﬂgnq%?eddnnetéfﬁaﬂydnmfﬁgahhflp&mﬂe?and eth&h@mndﬂﬁ5lm$),_aﬁﬂ{ir
-[ 2- nme i azo :
St o oo 12 AR Brdioiide SERorRLiahE R SaNa b 1F Ry b peridine
T t2 rzp[lenyéd@imcpﬁwle@e?ﬁ, fhEreig et atﬂrftglg4-a[t2-r(>8m5tdhpiﬁaiém3:e for 5
ri azo ylle

r eddi sh- plrQHES sofHEET mwvﬁgéég%}g%pxr@%piﬂ?}fp (%Zé? 1 62- 1. 89

(m 4H), %ﬁﬁcd&lo@'ﬂb aélc?fo 1.2 m:iH) 2.8 . fdo1d. %S( Htid&h‘l)to &hboréaﬁﬂlc'zrm 4H) ,

3.98-4.10 (m 2H), 4 (d, J - Hz, 2H), 6.81 (d, J = 8.7 Hz, 2H)
25[ 0178] [EGﬁﬁHn? gég}lowed by extractlon with a mixed solvent of

4- ((14pet hyl gyadal:< %1¥}%f&ﬁﬁ banyb) - Nl (AobR1£3129¢h RRhyhdney 4t azol - 1-
yl -ethyl ) piperidin-1-y1l)-p enyl - | pera2| necar boxam de 30Fol | ow ng t he

procedure Wﬂtﬂ§qﬁﬂﬂ gampggted DC gog;de, and dried over anhydrous
d et hy 1 dadadlad Wazate - %%kg?tlgﬂé]%é% {0 E&%th’ Dl PBEEC fi5e ORAR T

Exanpl e 9( was use I nstea roxy- N ani nophenyl) pi peridine,
t her eby obolat aminegt h@(etapgmagmqmymndhrZre@uged pressure was washed with

carbonyL) B S, bR Debdodod A L bkl 382 -
15 carbonyl)-l-piperazinyl)-carbonyl)amino—4 phenylplperldlne ~-4-
carboxylic acid (167 mg, 75%) as a milky-white solid.
1H-NMR (CDC13): & (ppm) 1.79~2.13 (m, 4H), 2.38-2.54 (m, 1H),
2.65-2.87 (m, 2H), 3.45-3.67 (m, 6H), 3.71-3.94 (m, 4H), 3.80 (s,
3H), 6.05-6.14 (m, 1H), 6.28-6.46 {m, 2H), 6.68-6.77 {(m, 1H},
20 6.90 {(d, J = 8.9 Hz, 2H), 7.21 (d, J = 8.9 Hz, 2H)
[01531
Example 3
- ({i-methylpyrrol-2-yl)-carbonyl)-N-{4- (4-morpholin-1-yl-
carbonylpiperidin-1~yl)-phenyl) -l-piperazinecarboxamide
25 Example 3 (1)
1-(4-nitrophenyl)piperidine-4-carboxylic acid
The 1-(4-nitrophenyl)piperidine-4-carboxylic acid ethyl
ester (2.78 g, 10 mmol) obtained in Example 2 (1) was dissolved in
ethanol (10 ml), and a 4 N sodium hydroxide agqueous solution (5
30 ml, 20 mmol) was added thereto. The mixture was refluxed under
heat for 1 hour. After cooling to room temperature, water (30 ml)
and 2 N hydrochloric acid (10 ml) were added to the mixture, and
the precipitate was collected by filtration, thereby obtaining 1-
(4-nitrophenyl)piperidine-4-carboxylic acid (2.47 g, 97%) as a
35 vyellow solid.



-51- white solid. 1HNWR (CDC13): 6 (ppm 1.30-1.55 (m 3H), 1.72-1.95 (m
4H), 2.33 (s, 3H), 2.40 (s, 3H), 2.57-2.75 (m 2H), 3.48-3.65 (m 6H),
3.73-3.90 (m 4H), 3.80 (s, 3H), 4.03 (t, J =7.5 Hz, 2H), 6.06- 56.13 (m
1H), 6.31-6.38 (m 1H), 6.40 (bra, 1H), 6.68-6.74 (m 1H), 6.88 (d, J = 9.1
Hz, 2H), 7.21 (d, J = 9.1 Hz, 2H) [0179],4Exanpl e 10

4- ((1-nmet hyl pyrrol -2-y1) - carbonyl) N-(4- (0 (2-(pyrazol -1-y1)- 10

ethyl) pi peqidivk kpido- @@ﬁnﬁ) P @e4@Z1 r@ca(fnbomyn dp sﬁp@mbe rihp(:_ﬂ;))
4-[2-(pyrazol -1-yl)-eth -nitrop | ) pi perld ol l o oW ng

t he procedw¥-af 6§xéﬁfrpl é{)ﬁ( 3., pﬁr éEoKIér ru§eaorﬁsQ%a@rof2HhDr Z)hQﬁ |(ﬁ’e

thereby objainj ngy4-[2 PY 870 712 OH) (b
y1) - et hyl ]5N-Ey4 ni t fop enyq') pi perl d| ne9 (475% as a yeﬁ ow gél [ d 1H NVR

(CDC13): S5[QuF#h) 1.23-1.67 (m 3H), 1.76-1.98 (m 4H), 2.84-3.05 (m 2H),

3. 85- 4,03 21 (t, J = 7.1 Hz, 2H), 6.21-6.34 (m 1H), 6.79 (d, J
= 9.4 P, %ﬁ‘“@?éé’i 45 (m 1H), 7.48.7.57 (m 1H). 8.10 (d, J = 9.4 Hz,
2H) 20[018Di 49ﬁimmbphéﬁ&Impiperidine—4—morpholinecarboxamide
4-[2-(pyrazol -1-y1)-et hyl ] -N-(4-am nophenyl ) pi i Fol.l owi n
the procedure of Ex é_féi?gtf?éEQE .plﬁezgdf fjcarboxyllc acid gb.? 9
(83(/rlgazol lg,ylz%(} Qinbyb]?j}bt&ﬁﬁéd tlgpﬂlxampképi% [er ih)disndlg@tbmétﬁd_ﬁ N,85 Exanpl e
was used instead of 4-hydroxy- N (4- | y) r|d| her eby
obt ai ni ng SNy PEPERLIGE i hs ?hyF‘Pdl@? gp 5 %/ ?ﬁe ‘%“83% as
a redQDSh é&Hﬂng—ﬂngﬂmethﬁiémlno ropyl) carbodiimide hydrochlorlde (9.2 g,
4-((I - 2‘%" pyrro ylL car bon f RI— (2-(pyrazol - 8'7)
et hyl ) pi pet$ dimely) -y apdp éﬁﬂ%ﬂfﬁﬁi’lﬁéFéﬁ%@@amﬁ’Bﬁ wigate (6.7 g, 44ggi9igwi ng

the proce fb(gad%ﬁaGHéfé@&:”foﬂﬂ@%eé B -stirring overnight under heat at
(pyrazol - Ugl) et hyl ] 4-"ami nophenyl ) pi peri diine obtal ned in Exanp

10(2) was Usde |h§t@ad3<2§?f ipshyar bR NP rai BB p HEHAY) maﬁeﬁﬁ@?‘?ﬁethecrﬁ?épeby
obtalnlng 3?§<4&_?§E?§£?¥£%€% “WHs collected ?y filtration and dried under

y1) - car bon yrazol -1-yl)-ethyl)piperidin-1-yl)-
pheny|15- 1-pége ragiene cadboxdm ks (869 thsrebyrdbepinhngel sodid. 10 9.0 Hz,

2H), 7.39 (4 hriend FpBer iddne-2-2brblol fndeaibxbhiad 12 01821 955) as a
yvellow solid.
1H-NMR (CDC13}): & (ppm) 1.80-2.08 (m, 4H), 2.68-2.81 (m, 1H),
2.95-3.13 (m, 2H), 3.46-3.78 (m, 8H), 3.89-4.07 (m, 2H), 6.8l (d,
20 J = 8.4 Hz, 2H), 8.11 (d, J = 8.4 Hz, 2H)
[0155]
Example 3(3)
1- (4-aminophenyl)piperidine-4-morpholinecarboxamide
Following the procedure of Example i(2), the 1-(4-

25 nitrophenyl)piperidine-4-morpholinecarboxamide obtained in
Example 3(2) was used instead of 4-hydroxy-N-(4-
nitrophenyl)piperidine, thereby obtaining 1-(4-
aminophenyl)piperidine-4-morpholinecarboxamide (90%) as a
reddish-purple solid.

30 1H-NMR (CDC13): & {(ppm) 1.72-1.89 (m, 2H), 1.92-2.15 (m, 2H),
2.45-2,74 (m, 3H), 3.28-3.80 {(m, 12H), 6.65 (4, J = 8.9 Hz, 2H),
6.82 (d, J = 8.9 Hz, ZH)

[0156]
Example 3(4)
35 4-{(1l-methylpyrrol-2-yl)-carbonyl)-N~(4- (4-morpholin-1-yl-



15 Exanple 11

4-((1-nmet hyl pyrrol -2-y1l)-carbonyl)-N(4-(4-(3-(1,2,4-triazol-1-

yl - propyl ) pi peri di n-1-y1) - phenyl) - 1- pi per azi necar boxam de Exanple 11(1)
4- hydr oxypropyl - N- (4-ni trophenyl ) pi peri di ne 20Fol | ow ng the procedure of
Exanpl e 1(1), 4- hydroxypropyl pi peridingq was used instead of

4- hydr oxypi peri di ne, thereby obtaining

4- hydr oxy pr Ry A6 da i diapheny L) Ri i di 558: dd-d1hoxdmFa. 6 Hz, 2H)
[0183] Brai enf%%éeﬁﬁ-%loﬁsl% ?%p%"g%’ﬁﬁh( Apes rophen |§Pi peri di ne
30Fol | owi ng the prodisddreing Ehamsasedozy, of Hexagple 1(3), the 1-(4-

hvd I it ) b A : . 11( 1
ited 1 net B el P Re {her ey
obt ai ni ng Examgeyl Xy pricasy lusdd 4nshedd ophenyilvdpoperididre (97% as a yel |l ow

sol i d. .351H NVR 3). 5 {ppm .1,.15-1.84 (.m. L 2l ; 2, 82-
53- 3203 a(f?ﬁmﬁg%f‘ygi%%?e ]é%}“?'"m t%‘?ﬁéb%%’}a(lg}m%@ %%3%?@?—&@%1. (d, J
= 9.6 Hz, ¥H)scatbdhyl thN-J(4= (A-BokphoRH)-1-f1Featbondlmperddiin;-12¢) ) - 8. 10 (d,
J =9.6 Hz, 2 [0184] 5 Exanple 11(3 o . . .

4-13-(1, z,ﬁz%%zgrp& S92 ﬁf%ﬁﬁﬁ%‘i@ n§3%pREng 1 It Periidife S0 +a-

TB;% 4-tgsyif@mEx qutji%bE (2 45 n(ipipiropmemiy#:) giaae«m,di4fle,(ﬁ- 4’?—2},,723Qm0 Bmp) )

obt ai ned in ampl e was_ di ssol v in itrile

ot ass um Sk banate (€2, 78l O migr) Stbr afd Lo L8. (7 a3ble (LA e 8o
mol ) 1yer ejdded suhepet 0,10 leowedsbys sty riH)g &t 880@f @ =18.bouzs.2mWf,t er
the reaction m xture was allowed to cool to roomtenperature, ethyl acetate
was added T2 hél-r dact § oh Haxtdie, and the organic |ayer was washed with
wat er and 44qjat ed sodium chloride, and dried over 15 anhydrous sodi um

sulfate. After the desiccant was filtered off, the residue obtained by
evapor at i ofxampder 4r educed pressure was purified using nedi um pressure

11 30) - Che ey Aol ARG 4 Taa( 1 Sea e B ol oy - pr opyl 1N (4 20
ni t r opBenythdplpdrindinathy oy ding% yas-phereil)ow-pbbe¢rrz inecarboxamide
1H NVR( CDCEllggrﬁpéh_Se( quﬂ 1.17-1.39(m 4H), 1.45-1.65
4-hydroxymethyl-N-(4-nitrophenyl)piperidine
Following the procedure of Example 1(1), 4-
hydroxymethylpiperidine was used instead of 4-hydroxypiperidine,
20 thereby obtaining 4-hydroxymethyl-N-(4-nitrophenyl)piperidine
(972) as a yellow solid.
1H-NMR (CDC13): & (ppm) 1.23-1.48 (m, 3H), 1.70-1.97 (m, 3H),
2.90-3.07 (m, 2H), 3.56 (t, J = 5.7 Hz, 2H), 3.93-4.07 {(m, 2H),
6.81 (d, J = 9.4 Hz, 2H), 8.11 (4, J = 9.4 Hz, 2ZH)
25 [0158]
Example 4(2)
4-tosyloxymethyl-N- (4-nitrophenyl)piperidine
The 4-hydroxymethyl~N-(4-nitrophenyl)piperidine (47.3 g,
200 mmol) obtained in Example 4{l) was dissolved in pyridine (300
30 ml), and p-toluenesulfonyl chloride (45.8 g, 240 mmol) was added
thereto under ice-cooling, followed by stirring for 4 hours.
Water was added to the reaction mixture, and the precipitate was
collected by filtration. The obtained scolid was dried under
reduced pressure, thereby obtaining 4-tosyloxymethyl-N-{4-
35 nitrophenyl)piperidine (72.7 g, 93%) as a yellow solid.



(m 1H), 1.70-2.05(m4H),2.83-3.05(m2H), 3.84-4.02 (m 2H), 4.18 (t, J =
7.1 Hz,2H),6.79(d,J = 9.6 Hz, 2H),7.95 (s, 1H), 8.05 (s, 1H),8.10(d,J = 9.6
Hz, 2H) 25[ 0185] Exanpl e 11(4) ‘

4-13-(1,2,4-triazol -1-yl1)-propyl] - N (4-am nophenyl ) pi peri di ne

Fol | om ng the procedure of Exanple 1(2), 2t‘_he 4-[ 3-

(1,2,4-triazol -1-yl)-propyl]-N-(4-nitrophenyl)piperidine obtained 30 in

Exarple Liddhatescueed |t gt ob S0y SH ok 01469k pomsy 1 1 e,
y1) - pr opy 11 - N~(24-1ani(mo pkiény |2 .dicpdsi dBrik, (DF-3ad3a(meddi)sh-3pdPple, sbl= d.
6.4 Hz, 2H), 3.90-4.02 (m, 2H), 6.78 (d, J = 9.4 Hz, 2H), 7.36 (d,
J = 8.4 Hz, 2H), 7.79 (d, J = 8.4 Hz, 2H), 8.09 (d, J = 9.4 Hz,
5 2H)
[0159]
Example 4(3)
4-morpholinomethyl-N-(4-nitrophenyl)piperidine
The 4-tosyloxymethyl-N-(4-nitrophenyl)piperidine (39.0
10 g, 100 mmol) obtained in Example 4(2) was dissolved in methyl
ethyl ketone (150 ml), and sodium icdide (45.0 g, 300 mmol)} was
added thereto, followed by stirring at room temperature for 4
days. Ethyl acetate was added to the reaction mixture, and the
insoluble material was filtered with Celite. Subsequently, the
15 organic layer was washed with water and saturated sodium chloride,
and dried over anhydrous sodium suifate. After the desiccant was
filtered off, diisopropyl ether was added to the residue obtained
by evaporation under reduced presSure, and the precipitate was
collected by filtration, thereby obtaining crude iodide. The
20 obtained crude iodide was dissolved in acetonitrile (150 ml), and
potassium carbonate (19.7 g, 143 mmol) and morpholine (12.4 ml,
143 mmol) were added thereto, followed by stirring at room
temperature for 2 days. Water was added to the reaction mixture,
followed by extraction with ethyl acetate. Subsequently, the
25 organic layer was washed with water and saturated scdium chloride,
and 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 flash
column chromatography (methanol:chloroform = 0:1 to 1:30),
30 thereby obtaining 4-morpholinomethyl-N-(4-nitrophenyl)piperidine
(16.2 g, 53% in 2 steps) as a yellow solid.
1H-NMR (CDC13}: & (ppm} 1.17-1.38 (m, 2H), 1.70-2.00 {m, 3H),
2.21 (4, J = 7.1 Hz, 2H), 2.32-2.53 (m, 4H), 2.86-3.05 (m, 2H},
3.62-3.78 (m, 4H), 3.86-4.05 {m, 2H), 6.80 (d, J = 9.6 Hz, 2H),
35 8.10 (d, J = 9.6 Hz, 2H)



1H NVR (CDC13): 5 (ppm 1.20-1.48 (m 5H), 1.65-2.07 (m 4H), 352.43-2.68
(m 2H), 3.06-3.77 (m 4H), 4.17 (t, J =7.1 Hz, 2H), -54- 6.63 (d, J =
8.9 Hz, 2H), 6.82 (d, J =8.9 Hz, 2H), 7.94 (s, 1H), 8.05 (s, 1H) [0186]
Exanpl e 11(5) 5

4-((I -met hyl pyrrol -2-y1)-carbonyl)-N-(4464-(3-(1,2,4-triazol -1-

yl - propyl ) pi peri di n-1-yl) - phenyl ) pi per azi necar boxam de Fol | owi ng
t he procedunéoof Exanple 1(3), the 4-[3-

(1,2,4-tri zoI Xj(é propyl ] - N- (4-am nophenyl ) pi peri di ne obtained in

Exarrpl el 4&kd instead of 4- hydr oxy- N- (4- 10

ani nophenyd-)[rwr@abwnmetﬁﬂemew Qbimpﬂewlz}p&pérﬁ@mm pyr r ol -
yl)-carbonyl)- N (4-(4-(3

t | 1-
y1) - phenyl ) pi per azi ﬁéﬂ-&r‘)ﬁgﬁﬁrﬁk&% F{]%%Z?giuaé &rﬁ? %ﬁt %4 1H NVR

( COC13k: 5miﬂﬁN6h1ﬁoﬁ@tﬂyf”ﬁF(@Fn@t&opﬂeﬁﬂi %&95riﬁlné+$bté&néa 2n TEx4niple2H)
344365(m 6H) , ( = 7.1 Hz,

2H), 6.05-%( 314W@ﬁ1 uiﬂ)i ll@t@fd(maifs‘l ﬁ%ﬁr%f‘% é Mtlf?ﬁhem)l Péé%l?l@]smﬁg (m

1H), 6. 83, 1 0-¢. B (i
B 05 (5. [o ggb‘@%;lgﬁ;q 2ibrpilo 2hdibny1=N8 (1-HindenyT) B sic it

2(3;1 ((1- rrFtSriyal pyer 8l rad@ﬂis)h-@alrméﬁy&qlwm (4-(3-(1,2,3-triazol -1-

y pr opy IR i y ny) iper@zi ar pox@nj 12(1)
4-13-(1, 2, -tl\?llﬁ{aégP- #’{/1)]é p@%@y % :IZ\I-Q_E ﬁ?t ?r(g)pﬁgzyl :;)pl peri ?%l Eféﬁ gi(;ﬂlil ‘owi ng t he
pr oceddr e Dfl@&Laitfl éns(85),, thé743. &5 m, 8H), 6.64 (d, J = 8.6 Hz, ZH),

t osyl oxypr - N ( pi peri di ne obtained in Exanple 11(2) was
used i nst eé; 4 'éf ﬁosy% oxgﬂt BQ}H))N-M ni t rophenyl ) pi peri di ne, thereby

~ obtai ning FI}][@](l 2, 3- tr| azol -1- yl)-propyl]-N (4-am nophenyl) pi peridi ne
(69% as | | ow&% 1H- NWR (CDC13): 5 (ppm 1.16-1.40 (m 4H),
1.48-1. 67 170209(m 4H), 2.83-3.05 (m 2H), 3.85-4 03(m

2H) 4 40 44@ llmetﬁylpbﬁroﬁﬁﬁﬁylﬁ ¢aripohyl) -N-946 (B2, 2H), 7.54 (d, J =

12( 2) ) s @?r?@lﬁoﬁe@}’i?cﬂerfﬁ%y 1p¥%)p>é}}ef}§é &E gﬁ?ﬂ%ﬁﬁ-@ﬁ%ﬁ%g Erhiffhe arrpl )
- 55- Fol | ey iRgrihget ps osashace ref oExergElel (12)B) , t tiee 44-{ 2-_
(123t 2l v B opu TN oo Lot S e obf oL ned. by
t her eby 0b4@4r"wa& dzkbd- {dstleads 08 azR{ddoxP-N- (4-aminophenyl)piperidine,
y1)- propyl&heréﬁi %g%ggggggxi)PlEﬁé&%&?gyéégg%é %%)ac£§£%g§ﬁ] %urpLe4§0I|d
20 morpholincmethylpiperidin-1-yl)-phenyl) -l-piperazinecarboxamide
(72%) as a milky-white solid. '
1H-NMR {CDC13): & (ppm) 1.22-1.46 (m, 2H), 1.53-1.75 {(m, 1lH),
1.81-1.98 (m, 2H), 2.22 (d, § = 7.1 Hz, 2H), 2.33-2.51 {m, 4H),
2.57-2.74 (m, 2H), 3.45-3.93 (m, 14H), 3.80 (s, 3H), 6.08-6.14 (m,
25 1H), 6.32 (brs, 1H), 6.30-6.41 (m, 1H), 6.70-6.75 (m, 1H), 6.89
(d, J = 9.1 Hz, 2H), 7.20 (d, J = 9.1 Hz, ZH)
[0162]
Example 5
4-( (1-methylpyrrol-2-yl)-carbonyl)-N-(4- (3~ (2-(1,2,4-triazol-1-
30 vyl)-ethyl)pyrrolidin-1-yl)-phenyl)-l-piperazinecarboxamide
Example 5 (1)
3-[2-(1,2,4-triazol-1-yl) —ethyl]-N-(4-nitrophenyl)pyrreolidine
The 4-tosyloxymethyl-N-(4-nitrophenyl)piperidine (39.0
g, 100 mmol) obtained in Example 4(2) was dissolved in methyl
35 ethyl ketone (150 mi), and sodium iodide (45.0 g, 300 mmol) was



1H-NWR (CDC13): 5 (ppm 1.23-1.46 (m 5H), 1.59-1.87 (m 2H), 1.90-2.05 (m
2H), 2.45-2.63 (m 2H), 3.30-3.52 (m 4H), 4.40 (t, J = 7.2 Hz, 2H), 6.64
(d, J =88 Hz, 2H), 6.81 (d, J = 8.8 Hz, 102H), 7.53 (d, J = 0.7 Hz, 1H),
7.71 (d, J = 0.7 Hz, 1H) [0189] Exanple 12(3)

4- ((I-methyl pyrrol -2-y1)-carbonyl) - N-(44(4-(3-(1,2, 3-triazol -

y1l) - propyl ) pi peridin-1-yl)-phenyl)-1-pi pera2| necarboxam de 15Fo||ovm ng the

procedure afg e'éX%HQI:?t&( %:)olltok}r%ddf‘b{r Stirring at room temperature for 5
(1,2,3-triazol propyl | 4-am nophenyl ) pi peri dine obtained in

Exanpl e 12{)s ma%thﬁe@cehstea@aWadﬂelwapowye Nt igni mophers/ asidpehedi ne,

t her eby oht 4-

V1) - car bory BT At SR E L0 itk pelite, | Subssavently, th

y1) - phenyloegbnpjicpéagar nexa rdscehsd mthSW%eJasars:l martlayamhdt@m@om @hlmmm
(CDC13 1,22-1. 1. 68

{6 3556 a(“H?f %?fgtfd §7e Yd%%h *Sauhy 4:%& EBg (?gsj% ﬁz

2H), 6. 07-filkbrel oft) ,disBprépds éﬂmeﬁhl)a,s 6d68d6tc7?c1'(emrebh:|)iu660187a1(n@d J =

\?' 9 gz 8 @3} ﬁgq)a%%é@b?‘] 8§e§§ced p@essure, dd *E.]he= p%e%iﬁta%@ﬁasr 71 (d,

4-((1-et hydcmarer&ledeylﬁﬂe@rm@yll) tAk£dby dbraiphali cridey lica beny Imbieper i di n- |
-y1) - phenyl) - 1- pi pera2| necar boxam de 30 Exanp

4- (benzyl daégr@aw@ényw de-fodide. Wﬁﬁpﬁbww‘iecy|mca?%<§&%2fpﬁ1&& ildPR-TM) 2 heny 1)
-1- pl Rar azifbéifé%acj@@xﬁm desnd potassium cadbddaiteopbeny!q chilsor eher esed (7. 26 g,
36.0 mmol) was dissolved in tetrahydrofuran (100 m ), and a tetrahydrofuran

(50 35 ni )1870|Wéﬁ2@$et%3£—@4 ARF BpPENYISFSi 5@@?%?%@1:@0. ggllowed by
mor phol i negarhoX ?[mageS@QC 68,196 38u0s mT@Jf):eQbE@é %dtﬁoﬁxﬁﬂﬂﬁré(\r@s was

added dropw se a 0C. After stirring for 30 mnutes at the sane
t enper at ural lavecetpahyolt dfazaen( 3empeyagytaut Weliesf was added thereto, and

Noenzy! oxyaal oMLl peraiae Lla28eds 570 1EFAL) ofndhd ety apfe S(14. 0

, 100 nmo e m xtur wed by stirring at room
terrpeliaturcéotfalmeﬁBsbeSArmcpdn;uftlhdruainﬁ@r@dfl@m prévewss sdflier gdk reaction

T XLure v S0l S4uk0 LROTM SRS ALY feui (. thecsofln Pudror de, sgueous

sol uti on fon W et Hyl acetat’€. The
organic 10t}h@;eejy MSamﬁﬁ@oB-vﬁz—Hl\;\at é*tm&tcﬁaﬂuyan e‘ch;@sb]dm:rrwlehl oride, and

dried over_anh sodi ul f Afte the ered off,
the resi dtféla%‘ﬁ%/pgﬁ Byﬁéwﬁgl?ﬁ a(gﬁ fljn%ér 2dlicéd’ E?%%sure Wgsh'%él’l fied
usi ng nedlmjpj_essure silica gel flash colum chromatography (silica gel,
met hanal : chl oroform =_0: 1 ereb bt ai pi

1 (bertdyi o aRTbORPE 21 (3. (o Worpagr b8 ol e 2800035 (m, any

1-yl - car bopydpipen dinn- gy l)3 phesy k- lmplne)r azi.necat poxanide @9 OZHgﬂ 56%
asamlkyvvhltesoll.1I—I—N|\/R(CDC)7 (p r’r)172187(r8 H%
1.90-2. 12" ¢4 204, 92=49.%. 58 (GH) -3y 273 (38- %PWS(EH- 18H)J ©.%14 EI %*H)
6.24 (s, 1)1 gy(d, J = 8.9 Hz, 2H) 7.20 (d, J:89Hz

7.29-7.44 (m 5%;3' [01.91] Exanpl e 13(2)

N- (4- (4- nok®h@?d n-1 -yl - car bonyl pi peridin-1-y1)-phenyl)-1- 25

pi per azj negarhoxan g¢
3-[2-(1,2,4-triazol-1-yl) ethyl] -N- (4-aminophenyl)pyrrolidine
Following the procedure of Example 1(2), the 3-[2-
(1,2,4-triazol-1-yl) —ethyl]-N- (4-nitrophenyl)pyrrolidine obtained
in Example 5(1) was used instead of 4-hydroxy-N-(4-

30 nitrophenyl)piperidine, thereby obtaining 3-[2-(1,2,4-triazol-1-
yl)-ethyl]-N- (4-aminophenyl)pyrrolidine (96%) as a reddish-purple
solid. |
1H-NMR (CDCl3): & {ppm} 1.65-1.87 (m, 1H), 2.00~-2.43 (m, 4H),
2.75-3.70 (m, 6H), 4.25 (t, J = 7.1 Hz, 2H), 6.44 (d, J = 8.4 Hz,

35 2H), 6.68 (d, J = 8.4 Hz, 2H), 8.00 (s, 1H), 8.08 (s, 1H)



The

4- (benzyl oxycar bonyl) - N- (4- (4- nor phol i n-1 -yl car bonyl pi peridi n-1-yl)-phenyl)
- 1- pi per azi necar boxam de (5.89 g, 11.0 mml) obtained in Exanple 13(1) was
suspended in tetrahydrofuran (80 m ) and nethanol (80 m), and 10%

pal I adium 30 carbon (1.5 g) was added tjfereto, followed by stirring at
roomtenperature in an atnosphere of hycilrogen gas for 18 hours. After the

i nsol ubl e pagtedyial was filtered with Celite, the filtrate was concentrated
under reduced pressure, and the obtained residue was purified using nmedium
pressure sExamalegdl(3§1 ash col uim 35 chromat ogr aphy (NH silica gel,

nmet hanol : chl o 5 y-N-NeLehy ( i-nizn 1o
N-(4-(4- m)[?pﬁ{]l i n- F{ny% (%lony Ppé?f:%?lﬂﬂ ﬁl?gpgg %) 1a214 grré%l neclar boxam
de (3.62 gyl)&zé%@hyaspgrml@m—wé sphemyl 1ﬂme¢€m1@9arb©xeppﬁ§ 1.73-1.86

A 55 (210 55&6) (EEBJQ%’U%LQ?5§?§8PJ%O‘%‘% g © gk%:xﬂgpllerrzﬁ?’go S48, '€a’"3 =

9.1 Hz, 2H)rid¥A2{1-EXanrptley3(B)(4- amlnophenyl)pyrrolldlne obtalned in

4-( (I -ethy I 1 rbonyl h I |- 10

cag f)onil pr%%v’{é}r%n 5%23/1 %’aihﬁ%fn)ftﬁﬁée‘? zlr P%éf;( mitdéfy

k ﬁig?/lng%/@ﬂﬁﬁre@@wpxyé%mﬁ@ dtﬁé5§k_)ﬁ?:;]bt13a_1§1_l(lﬂi@?|4)- (Wesnghilsa el yedl+ - -
di met hyl an¥H orﬁag%s‘i’ gér%o&l‘ir‘ngd@ gd%oggﬁ@éﬁz&é' o8%) Hgthvl) pvikgl {din-1-
1- hydrl@xybmzq&ré@m@ ﬁwwrn@t:arbéﬁéum 622) rra‘gla,mﬂn@-mgtérsohd
15(4- (4- mor phol i n- | -'car bonyl p| perrdr n- -yl) phe %(%

pi per azi nel:lg %dr@@iz” 201 RPM0.156Rndt ¥8 offtrailfed ?no s €m1388) were

added ther§t§9 § 93 qwedlfl‘py sstrzrzr_r3ng7unlqer7I{yeat3 at_ §0§;lfgﬁ 1) hogrgg @jter
the reaction mixture was allowed to cool to roomte erature a sat ur at ed

sodi um bi c¥borfatZd dguedus %-dl Uiz 0RH2D Qe =iddd (Po 1Mk redét i(bAS m Milur e,
foll owed b, t| n | rforrrl t Hhact e wat er
and satur a%’e%j( ac@i!"clumﬂch#({) dé:erb't80 drjr edgggje@ar%ﬁgdrgﬁzoi% pu%msujfi?ate
Af t er 2tthe debs chnt’? was. 9|H12t,er2éi:1 of/f. 76t be, rébi,d8e08bfai né by evaporation
under redu %r essure was purified using nedium 25 pressure silica gel
flash colu chr omat ogr aphy (net hanol : chloroform = 1:50 to 1:30), thereby
obt ai ni ng Example 6

4-((1-eth . N-( 4- Anglin- 1-yl bonyl pi peri di n-

b ey s B b R A LY P et i 4.

301H NWVR (B63)1irbethpbhpide B3Riti-1-F1 F-phénHz,- 134} pe ta 72hetat®okamiddd) ,

2 48 80 40- 3. 92 18H), 4.18 (q, J = 7.3 Hz, 2H), 6.08-6.17
%O 6’g%“§1|%(§? 1H), 6(?7 (er)s 1H), gq75 6.83 (m lH)H? 6.89 (d, J

8 9 Hz, 2H) dﬂo@%tﬁﬁ N- #-&hi& ddphedlll ) pOIH3]dise Exanple 14  -58--

| - met hyl pyrrol %]zi carbonyl)-N-(4-(4-pi Eerl di n-J - yI car rbonyl pi peri di n-

Z (
1) - pheny1) - 1- pi pefariEESr boRaRFeeedie of Example 1{
(
e

((1- mefh fEOWF 1Py, iﬁéfi&iﬁéﬂﬂﬁklhséd instead of 4-hydroxypiperidine,
razi nyl) - carbonyl ) am no- 4- phenyl pi peri di ne-4-carboxylic acid 5(440 ny,

mol ) @ﬁ%@htﬁlexaﬁpwlﬂmxmbyarﬁs&w&q%hﬁrl )piperidine
25 {100%) as a yellow solid.

1H-NMR (CDC13): & (ppm) 1.18-1.40 (m, 3H), 1.47-1.92 (m, 5H),
2.85-3.03 (m, 2H), 3.63-3.78 (m, 2H), 3.85-4.02 (m, 2H), 6.77 (d,
= 9.4 Hz, 2H), 8.07 {(d, § = 9.4 Hz, Z2H)
[01le66]
30 Examplie 6(2)

(
-y
4-(
pip
1.0

4—tosyloxyethyl-N-(4-nitrophenyl)piperidine
Following the procedure of Example 4(2), the 4-
hydroxyethyl-N-(4-nitrophenyl)piperidine obtained in Example 6 (1)
was used instead of 4-hydroxymethyl-N-(4-nitrophenyl)piperidine,
35 thereby obtaining 4~tosyloxyethyl-N-{4-nitrophenyl)piperidine



di ret hyl fol mami de (3 m), and 1-ethyl-3-(3-

di met hyl am nopropyl ) carbodi i m de hydrochloride (230 ng, 1.2 ol),

1- hydr oxybenzotri azol e nonohydrate (168 ng, 1.1 nmol), and piperidine (0.12
m, 1.2 hntol) were added thereto, followed by 10 stirring under heat at
60C for 6 hours. After the reaction m x4@-e was cooled to roomtenperature,
a saturated sodi um bi carbonate aqueous sol uti on was added thereto, followed
by extract {9i%)washaey@ylowacetlatle. The organic | ayer was washed with water

and satur I d r over hy d| sul f at e.
Af ter theaH£§W%-nge%g£ fl|&%$% 0%? i?ﬂs 9é5| Pﬁ?%ﬁhé@ By sg%bratlon
under reduresb peSSHY £ N2 {RU0Lf i(Rd 2IS) NGB mdltlum)p(re,sﬁﬂe di. Ichatge]‘ =f | ash

bt i i g 9 (7 OB Ny PR 1B 3. 71 Lavbordply - 1 04 (- o port Ai Ren:

car bonyl pipegd didy- U- ¥13 - pheny BH) }- pl per ez, rueevaBb@xam d;&{(226 ny, 5% as a
m | ky-white solid. 25 [0194] Exanple 15

4-((1-nethVIH§ﬂrol 2-yl)-carbonyl) - N (4-(4-(4-nethyl pi perazin-1yl-carbonyl)
pi peri di n- ﬁxaﬁguep@qul) 1- pi perazi necar boxam de 30Fol | owi ng the procedure
of Exanple 14 - meth plpera2|ne was used instead of piperidine, thereby
obt ai ni ng QFWQHPh@éﬂﬁ9P%@ 31~ Apiprepheeny) DirRriding- (4-

met hyl pi perazi n- 1- ! di - @?@Qﬁ%) (2.02
plpera2|necarboxanyggg?H%%g¥g§£%§ﬁﬁ$k§ﬁﬁh|?%{go I d E& eﬁﬁ%%n%IXHB) gé

(ppm 10. 635 X 180l ckkpingd 3o ZxApple 6 1D14)s diggolwed 2 aggtaniiyHe

SH;)S 6. 15( @O jfrH) ', gné gtaflés (159 %Eﬂfbgngwge {51 %( l{;"l :HIQJ mrﬁoﬁs a(n(éi ﬂwrpﬁol dg
’ (0.65 ml, 7.5 mmol) were added thereto, followed by stirring at

80°C for 15 hours. After the reaction mixture was allowed to cool
to room temperature, ethyl acetate was added to the reaction

15 mixture, and the organic layer was washed with water and
saturated sodium chioride, and 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 fiash column chromatography

20 (methanol:chloroform = 1:50 to 1:20), thereby obtaining 4-
morpholinoethyl-N-(4-nitrophenyl)piperidine (1.23 g, 77%) as a
yvellow solid.
1H-NMR (CDC13}: & (ppm) 1.17-1.70 (m, 5H), 1.73-1.88 (m, 2H),
2.29-2.52 (m, 6H), 2.84-3.03 (m, 2H), 3.60-3.78 (m, 4H), 3.85-

25 4.03 (m, 2H), 6.77 (d, J = 9.4 Hz, 2H), 8.08 (d, J = 9.4 Hz, ZH)
[0168]

Example 6(4)
4-morpholinoethyl-N-{4-aminophenyl)piperidine
Following the procedure of Example 1(2Z), the 4-

30 morpholinoethyl-N-(4-nitrophenyl)piperidine obtained in Example
6(3) was used instead of 4-hydroxy-N-{4-nitrophenyl)piperidine,
thereby obtaining 4-morpholinoethyl-N-(4-aminophenyl)piperidine
(83%) as a reddish~purple solid.
1H-NMR (CDC13): & (ppm) 1.28-1.98 (m, 7H), 2.32-2.73 (m, 8H),

35 3.20-3.90 (m, 8H), 6.62 (d, J = 8.8 Hz, 2H), 6.80 (d, J = 8.8 Hz,



7.22(d, J = 8.7 Hz,2H) [0195] Exanpl e 16 5

4- ((I-nethylpyrrol 2-yl)-carbonyl)-N(4-(4-(2-

nor phol i noet hyl car bonyl ) pi peridin-1-y1)-phenyl) - 1- pi per azi necar boxam de
Fol l owi ng the procedure of Exanple 14, 2- am noethyl norpholi ne was used

I nstead of piperidine, thereby 10 obtalqlng

4- ((1-nmet hyl pyrrol -2-y1)-carbonyl)-N (4- (4 (2-

nor phol i nogghyl car bonyl ) pi peri di n-1-y1)-phenyl) - 1- plpera2|necarboxan1de
(38% as a ale yel l ow solid. 15 [0196] Example 17 20

4- ((I-nethVﬁb%ﬂrol 2-y1) - carbonyl) - N-(4-(4-(pyridin-3-

'yl met hyl c Qﬁﬁﬁ I eridin-l-yl)-phenyl)-1-pi perazi necar boxam de Fol | ow ng
t he procea%re o)é Egaﬁple 14, 3- an1nonethy|pyr|d|ne was used instead of

piperidiHEQ t¢kﬁm®b¥YbDYEI¢ﬁ1ﬂ;yl -carbonyl)-N- (4- (4~
J1 et o col B TREBEY TR L SR ‘Wl PRSI Too s
a mlky- mhlte sol i d.F&80owing the procedure of Example 1(3), the 4-
morpholinoethyl-N-(4-aminophenyl)piperidine obtained in Example
6(4) was used instead of 4-hydroxy-N-(4-aminophenyl)piperidine,
thereby obtaining 4-((l-methylpyrrol-2-yl)-carbonyl)-N-(4-(4-
10 morpholinoethylpiperidin-1-yl)-phenyl)-l-piperazinecarboxamide
(88%) as a milky-white solid.
1H-NMR {(CDCl3}: & (ppm) 1.30-1.55 (m, 5H), 1.70-1.89 (m, Z2H),
2.34-2.75 (m, 8H), 3.47-3.90 (m, 14H), 3.80 (s, 3H), 6.05-6.13 (m,
1H), 6.27 (brs, 1H), 6.32-6.40 (m, 1H), 6.68-6.75 (m, 1H), 6.89
15 (d, J = 8.9 Hz, 2H), 7.20 (d, J = 8.9 Hz, ZH}
[0170]
Example 7
4- ((1-methylpyrrol-2-yl)-carbonyl)-N-{4-{4-(2-(1,2,3-triazol-1~
y1l)-ethyl)piperidin-1-yl)-phenyl)~l-piperazinecarboxamide
20 Example 7(1)
4-[2-(1,2,3-triazol-1-yl)-ethyl] -N-(4-nitrophenyl)piperidine
Following the procedure of Example 6(3), 1,2,3-triazole
was used instead of morpholine, thereby obtaining 4-[2-(1,2,3-
triazol-1l-yl)-ethyl]-N- (4-nitrophenyl)piperidine (39%) as a
25 vyellow solid. _
1H-NMR (CDC13): & {ppm) 1.25-1.72 (m, 3H), 1.77-2.05 (m, 4H),
2.84-3.05 {m, 2H), 3.87-4.04 (m, 2H), 4.49 (t, J = 7.1 Hz, 2H),
6.80 (d, J = 9.5 Hz, 2H), 7.56 (4, J = 0.8 Hz, 1H), 7.73 (4, J =
0.8 Bz, 1H), 8.10 (d, J = 9.5 Hz, Z2H)
30 [0171]
Example 7(2)
4-[2-(1,2,3-triazol-1-yl)-ethyl]-N- (4-aminophenyl)piperidine
Following the procedure of Example 1(2), the 4-[2-
(1,2,3-triazol-1-yl)-ethyl}~N-(4-nitrophenyl)piperidine obtained
35 in Example 7(1) was used instead of 4-hydroxy-N-(4-



Ref erence Exanples [0197] 35 Method A -60- Fol | owi ng t he
procedure of Exanple 13(3), corresponding carboxylic acid was used instead
of 1-ethyl pyrrol e-2-carboxylic acid, thereby obtaining the title conpound.
[0198] 5 Method B The

N- (4- (4-norpholin-I-yl- carbonylpiperidlg I-yl)-

phenyl) - 1- pi perazi necar boxam de obtai ned’in Exanple 13(2) was suspended in

tetrahydrqf %&gggﬂglfﬁiﬁﬁﬁ D, E‘ngéﬁ%%ﬂﬂé'lﬁﬁhﬁeélﬁ&d- @on! 8sppngi fig.-aci d

chl ori de wer eto, fol 'owed stirring at romntemmrmure A
sat ur at ed wWodiewnybi clr b&rrm@@noa)d}ae@llhpmml@ﬁ Was? haeed treddhehrradticon

m xt ure, folupmed by extraction with chloroform The extract was washed
with wat er®an g’saturated sodi um chl oride, and dried over anhydrous sodi um
sul fate. AfH-@WMR HeDUR3) coantppwas 1 BtEra&d (of, f 3Ht hel resizdié® 18, obfkai ned by

evapor tlo e pressu I S|ng d|u essur e

sili caggel #%gh%éoﬁlﬂmlﬁgh c?n’a‘t% ér&%ﬂy‘“ #W(g %y4§b al n‘fﬁg tﬁq]eIgf £1t

conpound. ¢ .60, Referencaiftxampl, e6lsP0(d, J = 8.7 Hz, 2H), 7.55 (s, 1lH),

4- ((pyrrol-2- yl) c? Fonyl) N (4- (4-nor phoI i n-1-yl car bonyl pi peri di n- 1-y1)-ph
eny1l) - 1- pi petaziSnectt boxani de Method A, yield: 53% 1H NMR (CDC13): 6 (ppm
1.72-2.13 K(IU]?Z!H) 2.49-2.80 (m 3H), 3.46-4.08 (m 18H), 6.23-6.32 (m

1H), 6.33 (brs, 1H), 6.50-6.63 25(m 1H), 6.89 (d, J = 8.9 Hz, 2H),

6.90-7. 05 B#AMPLE) 7(3)23 (d, J = 8.9 Hz, 2H), 9.50 (brs, 1H) [0200]

Ref er ggce zifxﬁqpird%tﬁyl yrrol—2-yl)-carbonyl) -N- (4~ (4- (2- (1,2, 3 trlazol 1-

4-( (3, 5-di net yIprro? 1) - Carbonyl) - 4- 4m)rphoI|n -yl -

car bony! piyperiediy: 1pw§rﬁ/vémlr)yli ~phpey bl @é&ﬁﬁé%hﬁ%@%ﬁ‘ééeA yi el d:

25% 1H+ NIR (0D013): & Cpgkal 00-ZrdoeddPe 4H) mxdndile (5@) HHtne 22305, SH)
8H)

247279(m3H) 6.37-6.54
(m 1H) 6(Be ,(EdtriazoB—D-st) ey l] 7N2§L4'(ainln§>ph8358 }glmrld’_lﬂ)ﬂ olet%le(cbrs

I -
4 ((1 rret h’{'ﬁ pyr Fo| y%?ﬁ%&égs%&l)ﬁ %i-_'?ﬁd CZF rmr ﬁ%ﬁ%q yﬂ car bonyl pi peri di n-
| -y1) -1ﬁherm®nobh@mgé0mpﬂeuﬁnmoxa&medeb5 Wm@dng dyi( €l dneURUpYENIME -

(COC18) " 5 PRk 9 2010 (1 (90, 2, 12T I R B0 221

(d, J = 8.}91_)Hthe&Ij)l,)—6.—}_9ﬂaérﬁr(emarﬂnb§;am17de?2 504, ds=a8nbligzwh2Ee solid.
1H-NMR (CDC13): & (ppm} 1.31-1.53 (m, 3H), 1.72-2.00 (m, 4H),
2.55-2.78 (m, 2H), 3.46-3.66 (m, 6H), 3.73-3.92 (m, 4H), 3.80 (s,

20 . 3H), 4.47 (t, J = 7.4 Hz, 2H), 6.05-6.14 (m, 1H), 6.32 (brs, 1H),
6.28-6.43 {m, 1H), 6.69-6.76 (m, 1H), 6.88 (d, J = 9.0 Hz, Z2H),
7.21 (d, J = 9.0 Hz, 2H), 7.56 (d, J = 0.7 Hz, 1H), 7.72 (d, J =
0.7 Hz, 1H)

[0173]

25 Example 8
4—((l—methylpyrrol—Znyl)~carbonyl)—N~(4—(4f(2—(1,2,4—triazol—1—
yl)—ethyl)piperidin-1-yl)-phenyl)-l-piperazinecarboxamide
Example 8 (1)
4-12-(1,2,4~triazol-1-yl) —-ethyl] -N- (4-nitrophenyl)piperidine

30 Following the procedure of Example 6(3), 1,2,4-triazole
was used instead of morpholine, thereby obtaining 4-[2-(1,2,4-
triazol-1-yl)-ethyl]-N-(4-nitrophenyl)piperidine (78%) as a
yvellow solid. '
1H-NMR {CDC13}: & (ppm) 1.23-1.65 (m, 3H), 1.74-2.03 (m, 4H),

35 2.82-3.09 (m, 2H), 3.85-4.08 (m, 2H), 4.26 (t, J = 7.1 Hz, 2H),



10[ 0202] Reference Exanple 4

4- ((t hi ophen-2-y1l)-carbonyl)-N-(4-(4-norpholin-1-ylcarbonyl piperidin-1-yl)-
phenyl) - 1- pi per azi necar boxam de Method A, yield: 54% 151H NVR (CDCl13): 5
(ppm 1.70-2.10 (m 4H), 2.45-2.80 (m 3H), 3.43-3.91 (m 18H), 6. 37 (brs,
1H), 6.89 (d, J = 8.9 Hz, 2H), 70271%(_m1|—|) 7.22 (d, J = 8.9 Hz, 2H),
7.25-7.37 (m 1H), 7.40-7.54 (m 1H) [O (533] 20 Reference Exanple 5
4-((thiop 1) scar o §4-44 halh n cadb | pepesi 4 n-f-yl)-
henyl) - 1%%0;?2. %eca?bidxﬁagm ?g I\/eﬁh%fdmgso 3:H|el dé g%m?ﬁl—l-q@m 200 gi J5

ppm 1 72=29ﬂ0H(Zm2HH) 2.48-2.80 (m 3H), 253.38-3.89 (m 18H) 6 44

b

S, d, J 8. 9 Hz, 2H), 7.15-7.27 (m 3H), 7.37 (dd, J = 4.9,
o AR H) (m 3H) (

p
r
0 55 (dd J = 3.0, 1.3 Hz, 1H) [0204] Ref erence Exanple 6 30
(

p

(

5

4- (f ur an- Pzeqn@)lecartbgnyl) N—(4 (4- (rjmr phol i n- 1-yl car bonyl pi peri di n-1-y1)-phe
Me 5

VT oS0 Ty R TR S s&%@%@%@g@%a PP

1

J

0.

4-

H)y, 6.51 (dd J &“cﬂ,loim&gl-lﬂhe&ﬁﬁdcbe,du&eS@f(Ebgamblre a.(2) Hzth@H)- [2F. 06 (dd,

% ﬁz 1 HS 1 r[zngO‘%]‘fH%é‘P 43_36 rﬁ@eﬁ éﬁlﬁ.ﬁ,ﬁj—él\? va —nltroH%lenyf? plpe rldlgue bbgalned

(furan- )Ebe)a:r@aéber(lml)wa{% (1ﬂ3e641ﬁet@iwloﬂ1-4lrhyaro§y—1\1
carbonylplperldln 1 phenyl) - 1- pi per azi necar boxa % eId
58% 1H NVR{EISers ép(ﬁ%%dlfent?eé?bﬁ(rﬁ ing § of% @ahfﬁr §H§‘Z° ¥l 3 85
m 1 B % o r2did & 9 Hz,
o1 1) 20y a@%}%ﬁi ‘“”‘(“*“ln%h%@%”%h%ﬁ 10756 (hra 10 f o208
Reference &l e 8

4- ((i soxaz onyl ( hgl i rpd-vyhe pe@H |n1y1)-
phenyl)-1- %p@ﬁi{pﬁg%g?bga@rﬁ%@ %596 1t[r055|;) gA Iz");Hel'dtL g%%?ﬁl—% ﬂ 6

(ppm) 1. 7R XADL.6Gf (AH) 2HD, 43-27-728 4¢mimaHPt) 3. 31-8453'49@5( r?prasﬂj)f & éﬁ (Brs
e oby. e ds (a5 228§ A ST 0bud Her ente Bt e o0 ¢ P
4-((111’5et h%i),m7d@;.50| s2- Y1) » carBoryl) 18 (4- (4- nor phol i n- 1-yl car bonyl pi peri di
-1-yl)- phe&ﬁg]- 1- pi per azi necar boxam de Method A, vyield: 27%
Example 8(3)
4-( (1l-methylpyrrol-2-yl)-carbonyl) -N-(4- (4-(2-(1,2,4-triazol-1~
y1)-ethyl)piperidin-1-yl) -phenyl)-l-piperazinecarboxamide
20 Following the procedure of Example 1(3), the 4-[2-
(1,2,4-triazol-1-yl) ~ethyl]-N- (4-aminophenyl) piperidine obtained
in Example 8(2) was used instead of 4-hydroxy-N-{4-
aminophenyl)piperidine, thereby obtaining 4-((l-methylpyrrol-2-
yl)-carbonyl)~N-(4-(4-(2-{1,2,4-triazol-1-yl) ~ethyl)piperidin-1-
25 yl)-phenyl)-l-piperazinecarboxamide (45%) as a milky-white sclid.
1H-NMR (CDC13): & (ppm) 1.30-1.98 (m, 7H), 2.53-2.75 (m, 2H),

3.43-3.67 {m, 6H), 3.71-3.92 (m, 4H), 3.80 (s, 3H), 4.25 (t, J =

7.3 Hz, 2H), 6.07-6.15 (m, 1H), 6.27 (brs, 1H), 6.29-6.42 (m, 1H),

6.67-6.74 (m, 1H), 6.88 (d, J = 9.0 Hz, 2H), 7.21 (d, J = 9.0 Hz,
30 2H), 7.95 (s, 1H), 8.07 (s, 1H)

[0176]

Example 9

4-({l-methylpyrrol-2-yl)-carbonyl)-N-(4-(4-(2-(3, 5-dimethyl-
1,2, 4—triazol—1—yl) ~gthyl}piperidin~-1-yl)-phenyl)-1-

35 piperazinecarboxamide



251H NWVR (00013): 5 (ppm) 1.73-2.10 (m 4H), 2.47-2.80 (m 3H), 3.47-3.8
(m 16H), 3.91 (s, 3H), 4.14-4.34 (m 2H), 6.27 (brs, 1H), 6.89 (d, J =
Hz, 2H), 6.96 (d, J = 1.2 Hz, 1H), 7.05 (d, J =1.2 Hz, 1H), 7.22 (d, J
8.9 Hz, 2H) [0208] 30 Reference Exanple 10

4- (cycl opentyl car bonyl) - N- (4- (4- nor pholigh-1-yl - car bonyl pi peri di nl -y1) - pheny
1) - 1- pi per azi necar boxam de Method B, yield: 84% 1H NWVR (CDO13): 6
(ppm 1-5Qm%m$ﬁe(@k1i2fb, 2.47-2.98 (m 4H), 353.34-3.80 (m 18H), 6.44
(bra, 1H), 6.88 (d, J =8.9 Hz, 2H), -63- 7.21 (d, J = 8.9 Hz, 2H) [0209]
Ref er ence ‘E'XWB@ 5¢dimethyl-1,2,4-triazol~1~yl)-ethyl]-N-(4-

4- (benzoyl)- - | .n-,1-yl - car bonyl pi peridin-1-y1)- 5
phenyl)-1¥%P%%&§§§§%2§%@%§§%%§e Met hod B, yield: 69% 1H NMR (0DO13): 5
(ppm 1.70-2.10 (m BEHow2nd7tlRe Trqaaduldl) of 3E:30m3.c0% (Bin I8H)direta9ltbrs,
]1-5? 62?_8]8 7F\;Ee’192 ér%r?g%géja%zp vfaesz%’ed7iz%gtégd d]f mo%pljioﬂne,2@her7eb§20gt&§:81i(n@ SH)

4- ((I - met M4 i 27d3] 52d yig tlodr-iq Ry 2 )£ i § do Y 4-ydn phohyhi-INy{4ear bonyl pi peridin-1

-y1) - phenyl).- 1- pi per azi necar.boxagi, de Met hod A, yield. 59% 151H NVR ( CDCL3):

5 (ppm 1.%@%%57?%@%{1 nig7 15455 T2 Aoy, i‘?ija‘?% (m 21H), 6.30 (s,

%l—%,4 %63};@—,@&9%@053)1&5 (134@){3;:1])61895@.9@ @,878) Hzz . 2H) (s,73H); 72481 (8, 5H),
. , = 7. Ref erence Exa e 13 20

4-(3-fl uor%enfoﬁ?)zﬁp%g)e?“gzi Jl-3cé§b§xjﬂ i@'agﬁﬁil(%ﬁ& (@, J = 9.4 Hz,
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di net hyl beH¥otHi azol - 2-yl ) ami de [0213] Reference Exanple 15

4-(3-fluor k) pi perazi ne- 1- carboxyl i c aci d-(6-

met hyl benzot hi'azol - 2-yl ) am de
4—[2-(3,5-dimethyl-1,2,4-triazol-1-yl)-ethyl] -N-(4-

8
8.9

aminophenyl)piperidine

15 Following the procedure of Example 1(2), the 4-[2-(3,5-
dimethyl-1,2, 4-triazol-1-yl)-ethyl]-N-(4-nitrophenyl)piperidine
obtained in Example 92(1) was used instead of 4-hydroxy-N-(&-
nitrophenyl)piperidine, thereby cbtaining 4-[2-(3, 5-dimethyl-
1,2,4-triazol-1-yl)ethyl]-N-(4-aminophenyl}piperidine (97%) as a

20 reddish-purple solid.
1H-NMR (CDC13): & (ppm) 1.28-1.55 {(m, 3H), 1.62-1.8% (m, 4H),
2.33 (s, 3H), 2.40 (s, 3H), 2.47-2.66 (m, 2H), 3.10-3.60 (m, 4H),
3.98-4,10 (m, 2H), 6.64 {d, § = 8.7 Bz, 2H), 6.81 (d, J = 8.7 Hz,
2H)

25 [0178]
Example 9(3)
4—({1-methylpyrrol-2-yl) —~carbonyl)-N—-(4-(4-(2-(3, 5-dimethyl-
1,2,4-triazol-1-yl~ethyl)piperidin-1-yl)}-phenyl)-1-
piperazinecarboxamide

30 Following the procedure of Example 1(3), the 4-[2-(3,5~
dimethyl-1,2,4~triazol-1-yl)-ethyi]-N-(4-aminophenyl)piperidine
obtained in Example 9(2) was used instead of 4-hydroxy-N-(4-
aminophenyl)pilperidine, thereby obtaining 4-((l-methylpyrrol-2-
yl) carbonyl)-N-{4-(4-(2-(3,5-dimethyl-1,2, 4~triazol-1-yl)-

35 ethyl)piperidin-1-yl)-phenyl)-1l-piperazinecarboxamide (76%) as a
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15 yl)-ethyl]-N-(4-nitrophenyl)piperidine (72%) as a yellow solid.
1H-NMR (CDC13): & (ppm) 1.23-1.67 (m, 3H), 1.76-1.98 (m, 4H),
2.84-3,05 (m, 2H), 3.85-4.03 (m, 2H), 4.21 (t, § = 7.1 Hz, 2H),
6.21-6.34 (m, 1H), 6.79 (d, 0 = 9.4 Hz, 2H), 7.36-7.45 (m, 1H),
7.48-7.57 (m, 1H), 8.10 (d, J = 9.4 Hz, 2H)

20 [0180]
Example 10(2)
4-[2- (pyrazol-1-yl) ~ethyl]-N-{4~aminophenyl)piperidine

Following the procedure of Example 1(2), the 4-{2-

(pyrazol-1-yl)-ethyl}-N-{4-nitrophenyl)piperidine obtained in

25 Example 10(1) was used instead of 4-hydroxy-N-(4-
nitrophenyl)piperidine, thereby obtaining 4-[2-{pyrazol-1-yl)-
ethyl]-N- (4-aminophenyl)piperidine (83%) as a reddish-purple
solid.
1H-NMR (CDC13): & (ppm) 1.25-1.64 (m, 3H), 1.73-1.96 (m, 4H),

30 2.51-2.70 (m, 2H), 3.38-3.53 (m, 2H), 4.10-2.70 (br, 2H), 4.20 (t,
J = 7.3 Hz, 2H), 6.25 (t, J = 1.8 Hz, 1H), 6.64 (d, J = 8.7 Hz,
2H), 6.86 (d, J = 8.7 Hz, 2H), 7.39 (d, J = 1.8 Hz, 1iH), 7.50 (d,
J = 1.8Hz, 1H)
[0181]

35 Example 10(3)



hours, and the radioactivity corresponding to prostaglandin 02 (PG2) was
anal yzed using an i nage anal yzer (produced by Fujifilm5 Corporation). The
area (9% occupied by the PG2 band per |ane was cal culated to determ ne the
inhibition rate (% of each Exanple conpound at 0.1 pMrelative to the
control group in each experinment as wellc.,as the inhibition concentration at
50% (1 C50 value, nM relative to HPGDS. Table 1 shows the results.

10[0215] Tebl oo ComBpLRS. T Bl 70 AR a4

ethyl) plperldln 1-yl) -phenyl)-l-piperazinecarboxamide

Following the procedure of Example 1(3), the 4-[2-
(pyrazol-1-yl) —ethyl]-N-(4-aminophenyl)piperidine obtained in

5 Example 10(2) was used instead of 4-hydroxy-N-(4-

aminophenyl)piperidine, thereby obtaining 4-((l-methylpyrrol-2-
yl)-carbonyl) -N- (4~ (4-(2- {pyrazol-1l-yl)-ethyl)piperidin-i-yl)-
phenyl) -1l-piperazinecarboxamide (56%) as a milky-white solid.
1H-NMR (CDC13): ® (ppm) 1.30-1.52 (m, 3H), 1.70~1.97 (m, 4H),

10 2.53-2.74 {(m, 2H), 3.45-3.67 (m, 6H), 3.71-3.93 (m, 4H), 3.80 (s,
3H), 4.20 {(t, J = 7.3 Hz, 2H), 6.06-6.18 (m, 1H), 6.22-6.40 (m,
3H), 6.67-6.78 {(m, 1H), 6.88 (d, J = 9.0 Hz, 2H), 7.20 (4, J =
9.0 Bz, 2H), 7.39 (d, J = 2.3 Hz, 1iH), 7.51 {(d, J = 1.6 Hz, 1H)
[0182]

15 Example 11
4-( (1-methylpyrroil-2-yl)-carbonyl)-N-(4-(4-(3-(1,2,4-triazol-1-

yl-propyl)piperidin-1-yl)-phenyl)-l-piperazinecarboxamide
Example 11(1)
4-hydroxypropyl-N-{4-nitrophenyl)piperidine

20 Following the procedure of Example 1(1}, 4-
hydroxypropylpiperidine was used instead of 4-hydroxypiperidine,
thereby obtaining 4-hydroxypropyl-N-(4-nitrophenyl)piperidine
(46%) as a yellow solid.
1H-NMR (CDC13): & (ppm) 1.19-1.97 (m, 10H), 2.85-3.08 (m, 2H),

25 3.57-3.76 {m, 2H), 3.88-4.05 (m, 2H), 6.79 (d, J = 9.6 Hz, 2H),
8.10 (d, J = 9.6 Hz, 2H)
[0183]
Example 11(2)
4-tosyloxypropyl-N- (4-nitrophenyl)piperidine

30 Following the procedure of Example 4(2), the 4-
hydroxypropyl-N-(4-nitrophenyl)piperidine obtained in Example
11(1) was used instead of 4-hydroxymethyl-N-(4-
nitrophenyl)piperidine, thereby obtaining 4-tosyloxypropyl-N-(4-
nitrophenyl)piperidine (87%) as a yellow solid.

35 1H-NMR (CDCl13): & (ppm) 1.15-1.84 (m, 9H), 2.45 (s, 3H), 2.82-
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3.03 (m, 2H), 3.84-4.00 (m, 2H), 4.04 (t, J = 6.3 Hz, 2H), 6.78
(d, J = 9.6 Hz, 2H), 7.35 (d, J = 7.9 Hz, 2H), 7.7%9 (d, I =1T7.9
Hz, 2H), 8.10 (d, J = 9.6 Hz, ZH)
[0184]
Example 11(3)
4-13-(1,2,4-triazol-1-yl) -propyll-N~(4-nitrophenyl)piperidine

The 4-tosyloxypropyl-N-(4-nitrophenyl)piperidine (4.19
g, 10.0 mmol) obtained in Example 11{2) was dissolved in
acetonitrile (40 ml}, and potassium carbonate (2.76 g, 20 mmol)
and 1,2,4-triazole (1.04 g, 15.0 mmol) were added thereto, |
followed by stirring at 80°C for 18 hours. After the reaction
mixture was allowed to cool to room temperature, ethyl acetate
was added to the reaction mixture, and the organic layer was
washed with water and saturated sodium chioride, and 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 flash column
chromatography (methanol:chloroform = 1:100 to 1:30), thereby
obtaining 4-[3~(1,2,4-triazol-1-yl) -propyl]-N-(4-
nitrophenyl)piperidine (2.47 g, 78%) as a yellow solid.
1H-NMR (CDC13}): & (ppm) 1.17-1.39 (m, 4H), 1.45-1.65 (m, 1H),
1.70-2.05. {m, 4H), 2.83-3.05 (m, 2H), 3.84-4.02 (m, 2H), 4.18 (t,
J=7.1Hz, 28), 6.79 (d, J = 9.6 Hz, 2H), 7.95 (s, 1H), 8.05 (s,
iH), 8.10 (d, J = 9.6 Hz, 2H)
[0185]
Example 11(4)
4-[3-(1,2,4-triazol-1-yl) ~propyl}-N- (4-aminophenyl)piperidine

Foliowing the procedure of Example 1(2), the 4-[3-
(1,2,4—triazoi—1—yl)-propyl]~N—(4—nitrophenyl)piperidine obtained
in Example 11(3) was used instead of 4-hydroxy-N-(4-
nitrophenyl)piperidine, thereby obtaining 4-[3-(1,2,4-triazol-1-
y1l) -propyl]-N- (4-aminophenyl)piperidine (95%) as a reddish-purple
solid.
1H-NMR {(CDC1l3): & {(ppm) 1.20-1.48 (m, 5H), 1.65-2.07 (m, 4E),
2.43-2.68 {m, 2H), 3.06-3.77 (m, 4H), 4.17 (t, J = 7.1 Hz, 2Z2H),
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6.63 (d, J = 8.9 Hz, 2H), 6.82 (d, J = 8.9 Ez, 2H), 7.94 (s, 1lH),
8.05 (s, 1H)
[0186]
Example 11(5) _
4- ({l-methylpyrrol-2-yl)-carbonyl)-N-(4- (4~ (3-(1,2,4-triazol-1~
yv1-propyl)piperidin-1-yl)-phenyl)piperazinecarboxamide

Following the procedure of Example 1(3), the 4-[3-
(1,2,4-triazol-1-yl) -propyl]-N-(4-aminophenyl)piperidine obtained
in Example 11 (4) was used instead of 4-hydroxy-N-(4-
aminophenyl)piperidine, thereby obtaining 4-((i-methylpyrrol-2-

- yl)-carbonyl) -N- (4- (4-(3-(1,2,4-triazol-1~yl-propyl)piperidin-1-

yl) -phenyl)piperazinecarboxamide (67%) as a milky-white solid.
1H-NMR (CDC13): & (ppm) 1.20-1.48 {m, 5H}, 1.66-2.05 (m, 4H),
2.52-2.74 (m, 2H), 3.44-3.65 (m, 6H), 3.80 (s, 3H), 3.75-3.92 (m,
4"y, 4.17 {(t, J = 7.1 Hz, 2H), 6.05-6.14 (m, 1H), 6.31 (brs, 1lH),
6.30-6.44 (m, 1H), 6.67~6.79 (m, 1H), 6.88, (d, J = 9.1 Hz, Z2H),
7.20 (¢, J = 9.1 Hz, 2H), 7.95 (s, 1H), 8.05 (s, 1H)
[0187]
Example 12
4- ({1-methylpyrrol-2-yl)-carbonyl)-N-(4-(4-(3-(1,2,3-triazol-1-
v1i)-propyl)piperidin-1-yl)-phenyl}-l-piperazinecarboxamide
Example 12(1)
4-[(3-(1,2,3-triazoi-1-yl) -propyl]-N-(4~nitrophenyl)piperidine
Following the procedure of Example 7(1), the 4-
tosyloxypropyl-N- (4-nitrophenyl)piperidine obtained in Example
11(2) was used instead of 4-tosyloxyethyl-N-(4-
nitrophenyl)piperidine, thereby obtaining 4-{2-(1,2,3-triazol-1-
y1) -propyl] -N- {4-aminophenyl}piperidine (69%) as a yellow solid.
1H-NMR {(CDBCl3): & (ppm) 1.16-1.40 (m, 4H), 1.48-1.67 (m, 1H),
1.70-2.09 {m, 4H), 2.83-3.05 (m, 2H), 3.85~-4.03 {(m, 2H), 4.40 (t,
J = 7.1 Hz, 2H), 6.79 (d, J = 9.6 Hz, 2H), 7.54 (d, J = 0.9 Hz,
iH), 7.71 (d, J = 0.9 Hz, 1H), 8.10 {(d, J = 2.6 Hz, Z2H)
[0188] '
Example 12(2)
4-12-(1,2,3-triazol-1-yl) -propyl] -N- (4-aminophenyl)piperidine
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Following the procedure of Example 1(2), the 4-[2-
(1,2,3-triazol-1-yl) ~propyll-N-(4-nitrophenyl)piperidine obtained
in Example 12 (1) was used instead of 4-hydroxy-N- (4-
nitrophenyl)piperidine, thereby obtaining 4-[2-(1,2,3~triazol-1-
yl)-propyl] -N-{4-aminophenyl)piperidine (94%) as a reddish-purple
solid.
1H-NMR (CDC13): & (ppm) 1.23-1.46 (m, 5H), 1.59-1.87 (m, 2H),
1.80-2.05 (m, 2H), 2.45-2.63 (m, 2H), 3.30-3.52 (m, 4H), 4.40 (%,
J = 7.2 Hz, 2H), 6.64 (d, J = 8.8 Hz, 2H), 6.81 (d, J = 8.8 Hz,
2H), 7.53 (d, g = 0.7 Hz, 1H), 7.71 (d, § = 0.7 Hz, 1H)
[0189]
Example 12(3)
4-({1l-methylpyrrol-2-yl)-carbonyl)-N-(4-(4-(3~(1,2,3-triazol-1~
yl)-propyl)piperidin-1-yl)-phenyl)-l-piperazinecarboxamide
Following the procedure of Example 1(3), the 4-[2-
(1,2,3-triazol—1—yl)—propyl]—N—(4—aminophenyl)piperidine obtained
in Example 12 (2) was used instead of 4-hydroxy-N-(4-
aminophenyl)piperidine, thereby obtaining 4-({l-methylpyrrol-2-
yl}~carbonyl)-N-(4-(4-(3-(1,2,3~triazol-1-yl) -propyl)piperidin-1-
yl)-phenyl)~l-piperazinecarboxamide (57%) as a milky-white solid.
1H-NMR (CDCl1l3): & (ppm) 1.22-1.48 (m, 5H), 1.68-2.08 (m, 4H),
2.50-2.72 (m, 2H), 3.45-3.66 {m, 6H), 3.80 (s, 3H), 3.73-3.90 (m,
4H), 4.39 (t, g = 7.1 Hz, 2H), 6.07-6.14 (m, 1H), 6.30-6.45 (m,
2H), 6.68-6.77 {(m, 1H), 6.87 (d, J = 8.9 Hz, 2H), 7.21 (d, J =
8.9 Hz, 2H), 7.55 (d, J = 0.8 Hz, iH), 7.71 (d, J = 0.8 Hz, 1H)
[0190]
Example 13
4-(({l-ethylpyrrol-2-yl)-carbonyl)-N-{4- (4-morpholin-l-yl-
carbonylpiperidin-1l-yl)-phenyl)-1-piperazinecarboxamide
Example 13(1)
4- (benzyloxycarbonyl) -N- (4- (4-morpholin-1-yl-carbonylpiperidin-i-
yl) -phenyl}-l-piperazinecarboxamide
4-nitrophenyl chloroformate (7.26 g, 36.0 mmol) was
dissolved in tetrahydrofuran (100 ml), and a tetrahydrofuran (50

ml) solution of the 1-(4-aminophenyl)}piperidine-4-
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morpholinecarboxamide (8.68 g, 30.0 mmol) obtained in Example
3(3) was added dropwise at -30°C. After stirring for 30 minutes
at the same temperature, a tetrahydrofuran (30 ml) solution of N-
benzyloxycarbonylpiperazine (7.27 g, 33.0 mmol) and triethylamine
5 {14.0 ml, 100 mmol) were added to the mixture, followed by
stirring at room temperature for 13 hours and further at 60°C for
4 hours. After the reaction mixture was cooled to room
temperature, a dilute scdium hydroxide agueous solution was added
thereto, followed by extraction with ethyl acetate. The organic
10 lavyer was washed with water and saturated sodium chloride, and
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 flash
column chromatography (silica gel, methanol:chloroform = 0:1 to
15 1:30), thereby obtaining 4-(benzyloxycarbonyl)-N-(4-{4-morpholin~
l-yl-carbonylpiperidin-1-yl)-phenyl)~1l-piperazinecarboxamide
(9.02 g, 56%) as a milky-white solid.
1H-NMR (CDC13): & (ppm) 1.72-1.87 (m, 2H), 1.90-2.12 (m, Z2H),
2.47-2.78 (m, 3H), 3.38-3.77 (m, 18H), 5.16 (s, 2H), 6.24 (s, 1H),
20 6.88 (d, J = 8.9 Bz, 2H), 7.20 {d, J = 8.9 Hz, 2H), 7.29-7.44 (m,
5H)
[0191]
Example 13 (2)
N-{4- (4d-morpholin-l~yl-carbonylpiperidin-1-yl)-phenyl)-1-
25 piperazinecarboxamide
The 4-(benzyloxycarbonyl)-N-(4-(4-morpholin-1-yl-
carbonylpiperidin-1-yl)-phenyl)-1l-piperazinecarboxamide (5.89 g,
11.0 mmol) obtained in Example 13(1l) was suspended in
tetrahydrofuran (80 ml) and methanol (80 ml), and 10% palladium-
30 carbon (1.5 g) was added thereto, followed by stirring at room
temperature in an atmosphere of hydrogen gas for 18 hours. After
the insoluble material was filtered with Celite, the filtrate was
concentrated under reduced pressure, and the obtained residue was
purified using medium pressure silica gel flash column

35 chromatography (NH silica gel, methanol:chloroform = 1:50 to
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1:15), thereby obtaining N—(4—(4-morpholin—1—yl?
carbonylpiperidin-1-yl)-phenyl)~l-piperazinecarboxamide (3.62 g,
82%) as a milky-white solid.
1H-NMR (CDC13): & {ppm) 1.73-1.86 (m, 2H), 1.90-2.10 (m, 2H),
2.48-~2.76 {m, 3H), 2.83-3.00 (m, 4H), 3.35-3.78 (m, 1i3H), 6.22 (s,
1H), 6.88 (d, § = 9.1 Hz, 2H), 7.22 (d, J = 9.1 Hz, 2H)
[0192]
Example 13(3)
4-({l-ethylpyrrol-2~yl)-carbonyl) -N- (4~ {4-morpholin-1-yl-

carbonylpiperidin-1-yl) -phenyl)-l-piperazinecarboxamide

l-ethylpyrrole-2-carboxylic acid (153 mg, 1.1 mmol) was
dissolved in N,N-dimethylformamide (3.0 ml), and l-ethyl-3-{(3-
dimethylaminopropyl) carbodiimide hydrochloride (253 mg, 1.3 mmol),
1-hydroxybenzotriazole monohydrate (185 mg, 1.2 mmol), and the N-
(4- (4-morpholin-1-yl-carbonylpiperidin-1-yl}-phenyl)-1-
piperazinecarboxamide (201 mg, 0.5 mmol) obtained in Example
13(2) were added thereto, followed by stirring under heat at 60°C
for 15 hours. After the reaction mixture was allowed to cool to
room temperature, a saturated sodium bicarbonate aqueous solution
was added to the reaction mixture, followed by extraction with
chloroform. The extract was washed with water and saturated
sodium chloride, and 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 flash column chromatograpny
(methanol:chloroform = 1:50 to 1:30), thereby obtaining 4-((1-
ethylpyrrol-2-yl)-carbonyl)-N- (4- (4-morpholin-1-yl-
carbonylpiperidin-1-yl)-phenyl)-l-piperazinecarboxamide (228 mg,
44%) as a milky-white solid.
1H-NMR (CDC1i3): & (ppm) 1.38 (t, J = 7.3 Hz, 3H), 1.72-2.10 (m,
4H), 2.48-2.80 {m, 3H), 3.40-3.92 (m, 18H), 4.18 (g, J = 7.3 Hz,
2H), 6.08-6.17 (m, 1H), 6.28-6.40 {m, 1H), 6.37 (brs, 1H), 6.75-
6.83 (m, 1H), 6.89 {(d, J = 8.9 Hz, 2H), 7.22 (d, J = 8.9 Hz, 2H)
[0193]
Example 14
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4—( (1-methylpyrrol-2-yl}-carbonyl)-N-(4- (4-piperidin-1-yl-
carbonylpiperidin-1-yl)-phenyl)-l-piperazinecarboxamide

The 4-{(({(l-methylpyrrcl-2-yl)-—carbonyl)-1-
piperazinyl) -carbonyl) amino-4-phenylpiperidine-4-carboxylic acid
5 (440 mg, 1.0 mmol) obtained in Example 2(4) was dissolved in N,N-
dimethylformamide (3 ml), and l-ethyl-3-{3-
dimethylaminopropyl) carbodiimide hydrochloride (230 mg, 1.2 mmol),
1-hydroxybenzotriazole monchydrate (168 mg, 1.1 rmmel), and
piperidine (0.12 ml, 1.2 mmol) were added thereto, followed by

10 stirring under heat at 60°C for 6 hours. After the reaction
mixture was-cooled 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 énd saturated sodium chlecride, and dried owver anhydrous

15 sodium sulfate. After the desiccant was filtered off, the residue
obtained by evaporation under reduced pressure was purified using
medium pressure silica gel flash column chromatography
(methanol:chloroform = 1:50 to 1:20), thereby obtaining 4-((1-
methylpyrrol-2-yl)-carbonyl)-N-(4- (4-piperidin-1-yi-

20 carbonylpiperidin-1l-yl)-phenyl)-l-piperazinecarboxamide {226 mg,
45%) as a milky-white solid.
1H-NMR (CDC13): &{ppm) 1.58-1.67 (m, 6H), 1.77-2.00 (m, 4H),
2.54-2,74 {(m, 3H), 3.34-3.93 (m, 17H), 6.05-6.15 (m, 1H), ©6.32-
6.50 {(m, 2H), 6.68-6.77 (m, 1H), 6.89 (d, J = 8.9 Hz, 2H), 7.21

25 (d, J = 8.9 Hz, Z2H)

[0194]

Example 15

4~ ((1-methylpyrrol-2-yl) —-carbonyl)-N- (4- (4~ (4-methylpiperazin-1-
yl-carbonyl)piperidin~1-y1l)-phenyl)}-1-piperazinecarboxamide

30 Following the procedure of Example 14, 1-
methylpiperazine was used instead of piperidine, thereby
obtaining 4-{(l-methylpyrrol-2-yl)-carbonyl)-N- (4~ (4~ (4-
methylpiperazin-l-yl-carbonyl)piperidin-1-yl)-phenyl)-1-
piperazinecarboxamide (14%) as a milky-white solid.

35 1H-NMR (CDC13): & (ppm) 1.63-2.15 (m, 4H), 2.30-2.77 (m, 10H),
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3.52-3.93 (m, 17H), 6.08-6.15 (m, 1H), 6.30-6.45 (m, 2H), 6.68-
6.75 (m, 1H}, 6.88 (d, J = 8.7 Hz, 2H), 7.22 (d, J = 8.7 Hz, ZH)
[0195]
Example 16
4-{ (1l-methylpyrrol-2-yl)-carbonyl)-N-(4-(4-(2-
morpholinocethylcarbonyl)piperidin-1-yl)-phenyl)-1-
piperazinecarboxamide

Following the procedure of Example 14, 2-
aminoethylmorpholine was used instead of piperidine, thereby
obtaining 4~((1—methylpyrrol—2—yl)—cérbonyl)—N—(4—(4—(2—
morpholincethylcarbonyl)piperidin-1-yl)-phenyl)-1-
piperazinecarboxamide (38%) as a pale yellow solid.
1H-NMR {CDC13}: & {(ppm) 1.75-2.03 (m, 4H), 2.14-2.29% (m, 1H),
2.34-2.55 (m, 6H), 2.62-2.78 (m, 2H), 3.28-3.41 (m, 2H), 3.49-

3.87 (m, 17H), 6.02-6.18 {(m, 2H), 6.31-6.40 (m, 1H), 6.43 (s, 1H),

6.67-6.75 (m, 1H), 6.88 (d, J = 8.8 Hz, 2H), 7.22 (d, J = 8.8 Hz,

2E)

[0196]

Example 17

4-( (l-methylpyrrol-2-yl)~carbonyl)-N- (4~ (4- (pyridin-3-

ylmethylcarbamoyl)piperidin~1l-yl)-phenyl)-l-piperazinecarboxamide
Following the procedure of Example 14, 3-

aminomethylpyridine was used instead df piperidine, thereby

obtaining 4-( (l-methylpyrrol-2-yl)-carbonyl)-N-(4- (4-{pyridin-3-

ylmethylcarbamoyl)piperidin-1-yl)-phenyl)-l-piperazinecarboxamide

(33%) as a milky-white solid.

1H-NMR (CDC1l3): & (ppm) 1.76-1.929 {m, 4H), 2.13-2.34 (m, 1H),

2.55-2.74 (m, 2H), 3.44-3.88 (m, 13H), 4.44 (d, J = 5.9 Hz, 2H),

6.10 (dd, J = 2.7, 3.8 Hz, 1H), 6.25-6.40 (m, 2H}, 6.56 (s, 1H),

6.69-6.76 (m, 1H), 6.84 (d, J = 8.9 Hz, 2H), 7.13-7.34 (m, 3H),

7.55-7.67 (m, 1H), 8.45~8.60 (m, 2H)

Reference Examples
[0197]
Method A

1P )fl

N
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Following the procedure of Example 13(3), corresponding
carboxylic acid was used instead of l-ethylpyrrole-2-carboxylic
acid, thereby obtaining the title compound.

[0198]
5 Method B

The N-{(4- (4-morpholin-1l-yl-carbonylpiperidin-1-yl1)-
phenyl) ~l-piperazinecarboxamide obtained in Example 13(2) was
suspended in tetrahydrofuran and chloroform, and triethylamine
and corresponding acid chloride were added thereto, followed by

10 stirring at room temperature. A saturated sodium bicarbonate
agueous solution was added to the reaction mixture, followed by
extraction with chloroform. The extract was washed with water and
saturated sodium chloride, and dried over anhydrous sodium
sulfate. After the desiccant was filtered off, the residue

15 obtained by evaporation under reduced pressure was purified using
medium pressure silica gel flash column chromatography, thexeby
obtaining the title compound.

[0199]
Reference Example 1

20 4~ ({pyrrol-2-yl)-carbonyl)-N-(4- (4-morpholin-1-yl-
carbonylpiperidin-1-yl)-phenyl)-l-piperazinecarboxamide
Method A&, yield: 53%
1H-NMR (CDCl3): & (ppm) 1.72-2.13 (m, 4H), 2.49-2.80 (m, 3H),
3.46-4.08 (m, 18H), 6.23-6.32 (m, 1H), 6.33 (brs, 1H), 6.50-6.63

25 (m, 1H), 6.89 {(d, J = 8.9 Hz, 2H), 6.90-7.05 (m, 1H), 7.23 (d, J
= 8.9 Hz, 2H), 92.50 (brs, 1H)

[0200]
Reference Example 2
4-((3,5-dimethylpyrrol-2-yl)~carbonyl)-N- (4- (4-morpholin-i-yl-

30 carbonylpiperidin-1-yl)-phenyl)-l-piperazinecarboxamide
Method A, yield: 25%
1E-NMR (CDC13): & {(ppm) 1.60-2.15 (m, 4H), 2.11 (s, 3H), 2.23 (s,
3H), 2.47-2.79 (m, 3H), 3.40-3.82 (m, 18H), 5.74 (d, J = 2.6 Hz,
1H), 6.37-6.54 {(m, 1H), 6.88 {(d, J = 8.9 Hz, 2H), 7.21 (d, J =

35 8.9 Hz, 2H), 8.63 (brs, 1H)
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[0201]
Reference Example 3
4-( {1-methylpyrrol-3-yl)}-carbonyl)-N-(4-(4-morpholin-1l-yl-
carbonylpiperidin-1-yi)-phenyl)~l-piperazinecarboxamide

5 Method A, yield: 42%
1H-NMR {CDCi3): & (ppm} 1.65-2.12 (m, 4H), 2.47-2.80 (m, 3H),
3.45-3.87 {m, 18H), 3.67 (s, 3H), 6.24-6.32 (m, 1H), 6.47 (brs,
1H), 6.53-6.62 (m, 1H), 6.88 (d, J = 8.9 Hz, 2H), 6.98-7.05 (m,
1H), 7.22 (d, J = 8.9 Hz, 2H)

10 [0202]

Reference Example 4
4*((thiophen—Z—yl)mcarbonyl)—N—(4—(4—morpholin—1—yl—
carbonylpiperidin-1-yl)-phenyl)-1l-piperazinecarboxamide
Method A, yield: 54%

15 1H-NMR (CDCL3): & (ppm) 1.70-2.10 (m, 4H), 2.45-2.80 (m, 3H),
3.43-3.91 (m, 18H), 6.37 {(brs, 1H), 6.8°2 (d, J = 8.9 Hz, 2H),
7.02-7.13 {m, 1H), 7.22 (d, J = 8.9 Hz, 2H), 7.25-7.37 (m, 1H),
7.40-7.54 (m, 1H) |
[0203]

20 Reference Example 5
4—({thiophen—-3-yl)-carbonyl)-N-{4- (4-morpholin-1-yl-
carbonylpiperidin-1-yl)-phenyl)-l-piperazinecarboxamide
Method B, yield: 70%
1H-NMR (CDC13): & {(ppm) 1.72-2.10 (m, 4H), 2.48-2.80 (m, 3H),

25 3.38-3.89 (m, 18H), 6.44 (brs, 1H}, 6.88 (d, J = 8.9 Hz, 2H),
7.15-7.27 (m, 3H), 7.37 (dd, J = 4.9, 3.0 Hz, 1H), 7.55 (dd, J =
3.0, 1.3 Hz, 1H)

[0204]
Reference Example 6

30 4-{(furan-2-yl)-carbonyl)-N- (4- (4-morpholin-1-yl-
carbonylpiperidin-1-yl) -phenyl)-l1-piperazinecarboxamide
Method B, yield: 76%
1H-NMR {(CDC13): & (ppm) 1.71-2.10 (m, 4H), 2.48-2.81 (m, 3H),
3.45-4.00 {m, 18H), 6.34-6.46 (m, 1H), 6.51 (dd, J = 3.5, 1.8 Hz,

35 1H), 6.89 (d, § = 8.9 Hz, 2H), 7.06 (dd, J = 3.5, 0.8 Hz, 1H),
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7.22 (d, J = 8.9 Hz, 2H), 7.51 {dd, § = 1.8, 0.8 Hz, 1H)
[0205]
Reference Example 7
4—( (furan-3-yl)-carbonyl} -N- {4~ (4-morpholin-1-yl-
5 carbonylpiperidin-1-yl)-phenyl)-i-piperazinecarboxamide
- Method A, yield: 58%
1H-NMR (CDC13): & (ppm) 1.73-2.07 (m, 4H), 2.50-2.84 (m, 3H),
3.47-3.85 (m, 18H), 6.53-6.62 (m, 1H), 6.87 (d, J = 8.9 Hz, 2H),
7.29 {(d, J = 8.9 Hz, 2H), 7.45-7.53 (m, iH), 7.70-7.78 (m, 1H),
10 7.85 {(brs, 1H)
[02086]
Reference Example §
4-((isoxazol~5~yl)~carbonyl)-N- (4-(4-morpholin-1-yl-
carbonylpiperidin-1-yl) -phenyl)-l1-piperazinecarboxamide

15 Method B, yield: 56%
1H-NMR (CDC13): & (ppm) 1.72-2.09 {(m, 4H), 2.49-2.78 (m, 3H},
3.48-3.90 (m, 18H), 6.37 (brs, 1H), 6.84 (d, J = 1.8 Hz, 1H),
6.89 (d, ¢ = 9.1 Hz, 2H}, 7.21 {(d, J = 9.1 Hz, 2H), 8.34 (d, J =
1.8 Hz, 1H)

20 [0207]

Reference Example 9

4- ((l-methylimidazol-2-yl)-carbonyl) -N- (4- (4-morpholin-1-yl-
carbonylpiperidin-1-yl)-phenyl)~l-piperazinecarboxzamide
Method A, yield: 27% |

25 1H-NMR (CDC13): & (ppm) 1.73-2.10 (m, 4H), 2.47-2.80 (m, 3H),
3.47-3.88 (m, 1l6H), 3.91 (s, 3H), 4.14-4.34 (m, 2H), 6.27 (brs,
1H), 6.89 (d, J = 8.9 Hz, 2H), 6.9 (d, J = 1.2 Hz, 1H), 7.05 (d,
J = 1.2 Hz, 1H), 7.22 (d, J = 8.9 Hz, 2H)

[0208]

30 Reference Example 10
4-{cyclopentylcarbonyl) -N- (4- (4-morpholin-1-yl-carbonylpiperidin-
1-yl)-phenyl)-1l-piperazinecarboxamide
Method B, yield: 84%
1H-NMR (CDC13): & (ppm) 1.50-2.11 (m, 12H), 2.47-2.98 (m, 4H),

35 3.34-3.80 (m, 18H), 6.44 (brs, 1H), 6.88 {(d, J = 8.9 Hz, 2H),
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7.21 {(d, § = 8.9 Hz, 2H)
[0209]
Reference Example 11
4- (benzoyl)-N-(4-{4-morpholiin-li-yl-carbonylpiperidin-1-yl)-
phenyl}-l-piperazinecarboxamide
Method B, yield: 69%
1H-NMR (CDC13): & (ppm) 1.70-2.10 (m, 4H), 2.47-2.77 {(m, 3H),
3.30-3.95 (m, 1i8H), 6.49 (brs, 1H), 6.87 (d, J = 9.1 Hz, Z2H),
7.20 (d, J = 9.1 Bz, 2H), 7.32-7.50 (m, 3H) '
[0210]
Reference Example 12
4~ ( (l-methylindol-2-yl}~carbonyl)-N- (4~ (4-morpholin-1-yl-
carbonylpiperidin-1-yl)-phenyl)-l-piperazinecarboxzamide
Method A, yield: 59%
1E-NMR (CDC1l3): & (ppm) 1.72-2.10 (m, 4H), 2.47-2.79 {m, 3H),
3.47-3.95 (m, 21H), 6.30 (s, 1H), 6.63 (d, J = 0.5 Hz, 1lH), 6.89
(d, & = 8.9 Hz, 2H), 7.11-7.43 {m, B5E), 7.64 (d, J = 7.9 Hz, 1H)
[0211]
Reference Example 13
4- (3-fluorcbenzoyl) -piperazine-l-carboxylic acid-{6-

bromobenzothiazol-2-yl)amide

[0212]

Reference Example 14

4- (3-fluorobenzoyl) ~piperazine-l-carboxylic acid-(5, 6-
dimethylbenzothiazol-2-yl)amide

[0213]

Reference Example 15
4-(3-fluorobenzoyl)piperazine-l~carboxylic acid- (6-
methylbenzothiazol-2-yl)amide

[0214]

Reference Example 16

4- (3—-fluorobenzoyl)piperazine~l~carboxylic acid- (6~
methoxybenzothiazol~2*yl)amide

[0215]

Reference Example 17
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4- (3-fluorobenzoyl)piperazine-l-carboxylic acid-(6-
chlorobenzothiazol-2-yl)amide
[0216]
Reference Example 18
4~ (6-fluoropyridine-2-carbonyl)piperazine-l-carboxylic acid-(4-
trifluoromethylphenyl)amide

Reference Examples 13 to 18 were synthesized following
the procedure of the method disclosed in International
Publication WO2008-122787.
[0217]
Reference Example 19
N-methoxy-N-methyl-4- (5-benzoylbenzimidazol-2-yl) -3, 5-
dimethylpyrrol-2-carboxamide

The synthesis was carried out following the method

disclosed in International Publication WO02007-G07778.

Test Examples
[0218]
Test Example 1: hematopoietic prostaglandin D synthase (H-PGDS)
Inhibiting Actiocn

The test was carried out according to the method of
Urade, Y. et al. (J. Biol. Chem., 262, 3820-3825, (1987)). More
specifically, the reaction mixture (49 pL) containing 100 mM
Tris-HCl (pH 8.0), 1 mM reduced glutathione, 0.1 mg/mL y-globulin,
and human H-PGDS (g.s.), and a compound (final concentration:
0.01-100 uM) was preincubated at 25°C for 5 minutes. Note that a
DMSO solution (final concentration: 1%) was added to the solvent
control group. Subsequently, 1 ulL of [14C] prostaglandin H2
(final concentration: 10 uM) was added to start the reaction. One
nminute after the start of the reaction, 250 plL of a reaction
stopper solution (diethylether/methanol/1l 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 phase)} was applied to a TLC plate and developed

at -20° C for 45 minutes (developing solvent:
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diethylether/methancl/acetic acid (90/2/1)). After drying the TLC
plate, the TLC plate was exposed to an imaging plate for 1 to 24
hours, and the radicactivity corresponding to prostaglandin D2
(PGD2) 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 puM relative to the contrecl group in each
experiment as well as the inhibition concentration at 50% (IC50
value, nM)
[0219]

Table 1

relative to H-PGDS. Table 1 shows the results.

R
N
o R'
Compound 1 2 oy E_EGDS
Aumber R n R 1nh1b1?ion rate IC50 (nM)
1 Me 2 HO._ 62.2 58
2 Me | 2 HOOC._ 53.7 86
0
3 Me 2 (\N 54.2 76
o._/ |
S
4 Me | 2 CQ‘ 61.5 54
NN
5 Me 1 N~ 55.5 67

[0220]
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T
N:N
7 Me | 2 \,\,\/\ 06. 71
=N
8 Me 2 N/;[\I\/\ 58. 62
Me
9 Me | 2 N7:NN\/\ 54, 85
Me
10 Me | 2 C’}: 74, 40
TN
N.
11 Me | 2 (j/\/\ 71. 46
-
[0221]
Table 1 (continued)
N.
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15 ve | 2 (\N’U\ 61. 60
Me/N\)
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a
: I\,N RP
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O
H-PGDS
Compound a b kit 1C50
number R R 1nh1b1tion ()
rate (%)
i \
Reference | (N //HTT>
. >
Example 1 | O/ N©\ N 2.4 1000
r/\ 9 Me
Reference N l N\
. >
Example 2 | O N /:[;;**Me 3.9 1000
H
0 .
Reference r’“NJLI::j //[ijN‘ _
Example 3 | O/ ch xVMe 4.8 > 1000
0
Reference r’\NJLT::j //ﬂj§>
Example 4 | O NO\ g 18.0 340
Table 1 (continued)
[0222]
0
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I nvent
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repl aced by anot her substituent such as a heterocyclic ring. As shown in
Table 1, the piperazine conpound havinggaa (N-al kyl pyrrol -2-y1)-carbonyl

group as in the conpounds of the present

inventi on showed a strong HPGDS

i nhi bitorly effect, wherea® Reference|Exanples 1 to 12 showed Ifittle
i nhi bi torly_e ée%&xelo[ Fur r, Reference Exanples 13 to 17
afecmmcuﬁ vinhg sgrugctyye simflar to that of the2cbnpouynds TI0E he
present i|nv&ATRoh,°il. €~  a sttuyivye|conpri ¥ ng alifl uorobenzoyl group and
an am nodar bonyl group, and haviwg~aihigh GST2 15jinhibitory dctivity
(Range A)[. Reference Exanpghe 18 is a conpound conyrising a
f | uor opyr|i di necar bonyl gr nd an am nocatbonyl |(group, and ils effectiye
agai nst Mef8bBFFRCSyndr offe | ice. All of these gonpoupds areg discdmsed in
Pat ent Lilt BFaTRke 3. 6] gizjhclea tiat the conpounds af the present
i nvention show a stronger H PG ilbitory effect] than Referegnce Exanplles
13 to 18.[ 0227710~ Te%& Exanpte 2 PCDZ2—Product{iom i br tTjng ActTorr|in -
the Nasal| Cavities of CGuinga Pigs wtlh Aiit?§n-lncuced Rhinitils
Reference N Y _
Example 8 | O/ N?::j o} 6.6 > 1000
0
N
Reference r/‘NJLI::j f;i> _
Example 9 O\/J N N 2.8 > 1000
, : |: ] Me
O
Reference r/\NJLT::j /J::>
. S
Example 10 o/ NW[::L\ 2.2 1000
Table 1 (continued)
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]
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Table 1 (continued)
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A physiol ogical saline solution containing 1 ng/nmL of 5 oval bum n was
subcut aneously injected into the back of 5-week-old nmale Std: Hartl ey gui nea
pigs in an anmount of 1 ni/body for active sensitization (initial
sensitization). One week and two weeks after initial sensitization, 20 L of
a physiol ogi cal saline solution containjigga 10 ng/nL of oval bum n was
instilled into each 10 nasal cavity using a mcropipette (sensitization by
nasal administrationf). Three_weeks afiter initial gensitization, 20 pL of a

physi ol ogi gakesaiddn€ SOl t ai ni ng /' m |of oyal bum r wag
instilledg 1eagh|nasal ¢ ta?using a opi pette £6-9ndude a“PRinitis
reaction.| 15[ 0228] . e~t est Conpound (30 g/ kg) wag orally

£

r
I

=~ Q

adm ni st ered—t--hourbefore—t+nductonrof—a rhinitis reacttom—Theanmmals in
the contrlol group only recei the nediu ally.l| [0229] 2030 m nutes
after the Bﬁgﬁﬁ?'%% of YePri |ﬁ;;eactkgﬁ::jpe nasal zavdti es wenaswashed
under penﬁ@ﬁﬁﬁﬁﬁtéﬁ sodi um ane i a. nagarrscayity washing (liquid
(phosphatje _buffered|saline containing 3 nM of EDTA and.10 pM af
i ndomet hgcin) was fllushed usipg a Perlistaltjc Pump (G lson, Inc.) in the
directi on Reféramd he tr@gl t he upgi@fpi rgtorystract gt the,fl oy
rate of 1 mHdmple, 1and the |'vgqid flow n gom|the nasal cavities was

collected for 1 minute. The cofTected |iquid was dentrifuged tio separate
t he supermatant—as {he nasal cavity Washing fluid.] The concent|ration of

PGD2 in thﬁgggffiFiEWity Mfﬁh- g fluild was det grm ned using an El A ki|t
aldbigen

<

(Prost agl|ahg X El A yman Cheili cgl ). [{0230]1.8 > 1000rhe
rate of decrease in |PG2 in asal| cavi iy washilng fl ui d was; cal cul at ed
by the foHow-ngfordmula—Table 2 35-'showstheresults: ++—Rate—of
decrease in PA@2 in the nasal cavity washing fluid (%9 = {(PGD2

concentration in thegontral gl RGP §¢ONGLAtE Ml RNt Nhich the

conpound- adm ni st er ed group) ( concentration in the 5 control group -
PGD2 concet+atkiydpyicnol he-yidrwalrbgnplpyioup,100ipb2ghira-tmrimgsetitaises were

obtai ned from each qro to detern her. I f PCGD2
productionc?Wﬁﬁqﬂqﬁ %5 g@ igﬁégéﬁgugbgg?ﬁgﬁ% ?ﬁ%%égégég%n e%?%%??gn in the
nasal Gavigybstl tweshi agch | as d Wt econpal bu Hieowe ebs tdhewrontr Bblg dup thrd

cach COBOUI ALY LSS 010 L A Bl TR RSSO LLSRIGE b v
synbol (*)aénid ket ablpoultd esfente Exasphte iBerkionnshswah aHsRPEDSy H-
I nhi bitor, PCYr\[I?SS il%lsl'ﬁ.%i%gr? gg?eiaé‘g,v%h%(%ggéOﬂke%ére%%%stﬂggr%}gleé Olzsc%] 12 showed
little inhibitory effect.
10 {0225]

Further, Reference Examples 13 to 17 are compounds
having a structure similar to that of the compounds of the
present invention, i.e., a structure comprising a fluorobenzoyl
group and an aminocarbonyl group, and having a high GST2

15 inhibitory activity (Range A). Reference Example 18 is a compound
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.

[0226]

20 It is clear that the compounds of the present invention
show a stronger H-PGDS inhibitory effect than Reference Examples
13 to 18.

(02271



Tabl e 2 Conmpound Rate of decrease in PG2 concentration in the nasal
cavity washing fluid (%9 Exanple 3 77.5* Reference Exanple 19 770%*

Ref erence Exanple 13 7.9 Reference Exanple 14 3.9 Reference Exanple 15 26.6
Ref erence Exanpl e
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Test Example 2
PGD2 Production Inhibiting Action in the Nasal Cavities of Guinea
Pigs with Antigen-Induced Rhinitis

A physiological saline solution containing 1 mg/mL of
5 ovalbumin was subcutaneously injected into the back of 5-week-old

male Std:Bartley guinea pigs in an amcount of 1 mL/body for active
sensitization {(initial sensitization). One week and two weeks
after initial sensitization, 20 uL of a physiclogical saline
solution containing 10 mg/mL of ovalbumin was instilled into each

10 nasal cavity using a micropipette (sensitization by nasal
administration). Three weeks after initial sensitization, 20 uL
of a physiclogical saline solution containing 10 mg/mL of
ovalbumin was instilled into each nasal cavity using a
micropipette to induce a rhinitis reaction.

i35 [0228]

The test compound (30 mg/kg) was orally administered 1
hour before induction of a rhinitis reaction. The animals in the
control group only received the medium orally.

[0229]

20 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
saline containing 3 mM of EDTA and 10 pyM of indomethacin) was
flushed using a Peristaltic Pump (Gilson, Inc.) in the direction

25 from the trachea to the upper respiratory tract at the flow rate
of 1 miL/min, and the liquid flowing out from the nasal cavities
was collected for 1 minute. The collected liquid was centrifuged
to separate the supernatant as the nasal cavity washing fluid.
The concentration of PGD2 in the nasal cavity washing fluid was

30 determined using an EIA kit (Prostaglandin D2-MOX EIA kit, Cayman
Chemical}.

[0230]

The rate of decrease in PGDZ in the nasal cavity
washing fluid was calculated by the following formula. Table 2

35 shows the results.



16 -27.4 Reference Exanple 17 -38.1 Reference Exanple 18 31.0 [0233]
20According to the results in Table 2, the conpound of the present
invention indicated a simlar rate of decrease in the PG2 concentration to
that of Reference Exanple 19 (these conmpounds have the action). In
contrast, Reference Exanples 13 to 18 diwgcl osed in Patent Literature 3 did
not show a significant 25 decrease in the PE2 concentration. [0234] Test
Exanple 3 -72- Eosinophil Infiltration Inhibiting Action in Guinea Pigs
with Antigen-Induced Rhinitis , A physi ol ogi c saline so]ution
Cont ai ni AL GrEmOFCOval HuRT s SBBCHAHeGRURy Y i St SHES L He Dack
of 5-week- ol Baheest datidr lieY ki Bedt R0y ricipaR BODR NMorent ratidody f or
active sensitization (initial sensitizationa. One week and twg weeks after

initial seH tSHROUBH 29pLHIStered FRYWP bl 0gifERK SaNTRARE I 8R E¥Rt ai ni ng

10 mg/ ml ofo,oMmalibunp msP@ﬁzstddnb%qtkawo@a&h tRasabreaVidsbupsiing 800
m cropi pette (senS|t|zat|on by nasal 10 adm nistration). Three weeks after

initial seh®3llzation, 20 pL of a physiol ogical saline solution containing

10 my/ . of oval bumtg dRscRSLLLLEC, I QrkasheAasaln S Yot I, o

m cropi pette to induce a rhinitrs reaction e test” conmpound (30
mg/ kg) wasdefrernipcaghehhsr erxgube®stionest i the GEI2 pZOduﬁégﬂauﬂ§ehsthQatlon

by nasal agi flotyatens, Ath tild BBod! cbREANINGERoRn Ot AU Lhdity

reaction)
10 washing fluid was compared between the control group and each

compound-administered group. Note that when the significance
ievel was below 0.05, the action was considered to be present and
indicated by a symbol (*) in the table. Reference Example 19,
known as an H-PGDS inhibitor, was used as a positive control

15 substance.

[0232]
Table 2
Compound Rate of decrease in PGDZ
concentration in the nasal cavity
washing fluid (%)
Example 3 77.5
Reference Example 19 77.07
Reference Example 13 7.9
Reference Example 14 3.9
Reference Example 15 26.6
Reference Example 16 -27.4
Reference Example 17 -38.1
Reference Example 18 31.0
{0233]
20 - According to the results in Table 2, the compound of

the present invention indicated a similar rate of decrease in the
PGD2 concentration to that of Reference Example 19 {these
compounds have the action). In contrast, Reference Examples 13 to
18 disclosed in Patent Literature 3 did not show a significant

25 decrease in the PGDZ concentration.
[0234]
Test Example 3



bef ore sensitization or induction. The animals in the control group only
received the nmediumorally. 20[ 0236] 6 hours after the induction
of arhinitis reaction, the nasal cavities were washed under pentobarbital
sodi um anest hesia. A nasal cavity washing |iquid (phosphate buffered saline
containing 3 nM of EDTA and 10 pM of i ndgaethacin) was flushed 25 using a
Peristaltic Punp (Glson, Inc.) in the direction fromthe trachea to the
upper respis@iraphitir antibtrdtienf tanikbat enofActish/ thnGuiard thesl witth d

flowi ng out fromthe nasal caviities was collected for 3 mnutes. The

col | ected MW%"\%&E’&?? %&?Jé&ttlﬁr ough a cell strainer (40 pnm), and

centrifuged at 4C, 30Q¢g:5i300h06all QaTimet 861uSUESs esieat hyngt hengtperat ant
was renoved by suction. 250 pL of nasal cavity washin qui d was added to

|
the cell peT3dumig FapfnFaPSUSHERYson. Inhehsst éptﬁuﬁ%%gb%#k Od| PsvesiEund
celI's) 5 n the @Jd:HﬁH%P%@?&ﬁ%e‘H@%i?gt £k @m%&a@gg;an AR %eibé@@pbecel !

counter (F-820, Sysnmex Corporation). 35[02 cel | smear
was prepar@ngisiiifgtacreninitisdaseneitteativrdol | @ree wasK sndCyvo IpIakss,
Shandon) . ; el - :aj.ne i : {n.sol-utkQn, the
nunber of #D%\%J{:yltkgg,l glffhgeérﬁlu l%ra %%? héog? ﬂ%ﬂp% % ggklﬁl?‘%gdln%ﬁbg%&%?@

neut r ophi | solwri@rceantetning 5 lobgdinh dDoowElduminnvwast Histhyl leds énvateamh

under a m (200-; 11 . Efi |¢qrg) ] tio of each
cell was ca{légazllc%&&?gaﬁﬁléie@%&%gg%%geos noﬁﬁ??gaﬁﬁ%ﬁgﬁﬁégéﬁ cavity
washi i@ | i gdmihisasadebry m Madebywedies faditeawiingt fal mdresitifahiomer2loful

eosi nophil s.(x105 cells) = (Easinophil, count total_ count 0))x total
nunber ot 9b13 SE38r AR s Saber Rt d A Ren R HD @A B nophi 1 s i n
t he nasal eaviduriwashsngnstiuicd wWasor egeit dedsads chheteossinapli | 15

infiltration inhibi %i on ratc$, and }g‘eterm' ned Qy, the follow ng fornmula.
Tabl e 3 sHBVWETFHESEESUFP IR Bi CRORT TR 22 (Nunber of eosi nophils in

the controlozg®up - nunber of 20 eosinophils in the conmpound-adm ni stered
group) (nunber of eosinophils in the caontrol k%&oug%- nynber of eosinophils
r

in thénormal group)¥& TE6G FOPRYFNG 6l adEd LS fed 2fRemt E6#89 Poup,
and the nupbss 29 @bt8OSINOPMLSS altN bR RSR 1 #AWY Ya¥&E HdRA nfi Wikt y&rss
conpared between the control group and each conpound- adm ni stered group.
Not & that SRR (HESCAETFRe CHIRIS T 60ePTWBSTHENGW0 TB8CC 19 reds PRBBN |
infiltratigoednhidinkhRg, €PN Ma340008bHeT 6fet On DRy T 63€RheaBGNE A Cat ed
by a synbol (*) in the table. 30[0240] Table 3 Conpound

group only received the medium orally.

20 [0236]
€ hours after the induction of a rhinitis reaction, the

nasal cavities were washed under pentcbarbital sodium anesthesia.

A nasal cavity washiﬁg liquid {phosphate buffered saline

containing 3 mM of EDTA and 10 uM of indomethacin) was flushed

25 using a Peristaltic Pump (Gilson, Inc.) in the direction from the
trachea to the upper respiratory tract at the flow rate of 1
mL/min, and the liquid flowing out from the nasal cavities was
collected for 3 minutes. The collected liquid was filtered
through a cell strainer (40 um), and centrifuged at 4°C, 300xg,

30 for 10 minutes. Subsequently, the supernatant was removed by
suction. 250 uL of nasal cavity washing liquid was added to the
cell pellet to form a suspension. The total number of cells (x105
cells) in the cell suspension was determined using an automated
blood cell counter (F-820, Sysmex Corporation).

35 [0237]



Eosi nophi

infiltration inhibition rate (% Exanple 3 49.9* Reference

Exanple 13 34.2 Reference Exanple 14 -25.1 -74- Reference Exanple 15
-133. 3* Reference Exanple 16 -108. 0* Reference Exanple 17 16.6 [0241]
The results in Table 3 clearly show that the conpound of the present

I nvention has a significant eosinophil S3nfiltration inhibiting action
Ref erence Exanples 13 to 17 disclosed in Patent Literature 3 as
t he conpounds havi n(g acdlilghmeST2wasnplepaeey asinyid apRangeqd) dilver to

contrast,

nereased cool Pl bnlA{allo0 00,010k REBY 58! GILEaNL, ogs o

Strength Tgsing i Mete 4tapeksdiidtivnl e+BS ilbkd- BEXmbRAB)tdl,Cehweremsed as

a
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of eosinophils, and the number of neutrophils were counted tc
obtain 300 cells in total by cbservation under a microscope (200~
times magnification). The component ratio of each cell was
calculated, and the number of eosinophils in the nasal cavity

washing liquid was determined by the following formula.

Number of eosinophils (XIO5 celis) =
(Eosinophil count + total count (300))x total number of cells
[0238]

The rate of decrease in the number of eosinophils in
the nasal cavity washing liquid was regarded as the eosinophil
infiltration inhibition rate, and determined by the following

formula. Table 3 shows the results.

Inhibition rate (%) =

{ (Number of eosinophils in the control group - number of
eosinophils in the compound-administered group) -+ (number of
eosinophils in the control group - number of eosinophils in the
normal group)} x 100

[0239]

16 cases were obtained from each group, and the number
of eosinophils in the nasal cavity washing fluid was compared
between the control group and each compound-administered group.
Note that when the significance level was below (0.05, the
eosinophil infiltration inhibiting action was considered to be

present and indicated by a symbol (*) in the table.

[0240]
Table 3
Compound Eosinophil infiltration
inhibition rate (%)
Example 3 49.9"
Reference Example 13 34.2
Reference Example 14 -25.1

In



di sease group, and 4-week-old male C57BL/10Sn (wld) mce were 15 used as a
normal group in the test. A acclinmation period was provided after the
arrival of the mce. An initial value of each individual was nmeasured at 5
weeks of age, and 10 mice were assigned to each group. Fromthe follow ng
day, the test conpound (30 ng/kg) was arally adm nistered to the mce once
a day 20 consecutively for 4 weeks. The aninmals in the control group only
recei ved tHe vRafetencer @kbkypldHes fofelinb grip st3®Ejth was neaspred at 4
weeks after| t heeSd@driccofxbhg1@dmd ni stration. A vedgue obt ai ned by| di vi di ng
the average of RS L ANRId BR-GFLH BITengtn measur engpieval ues (Kg) determ ned
usi ng a smatH—anrmat—25—grTpstrengtheasurenent device (GPM100M

Mel quest) by the body weight (kg) was used as the eval uation i ndex
(referencerdidigrature: Miscle Nerve., 35, 43-48 (2007)). [0243] 9 or nore
cases were obtained fromeach group to 30 determ ne whet her expressi gn of
forelinb grip strendilf ERREAET N A@916n SoELBRFBY . SheM Shat athe fimPrrafAt

decrease g the YabYenof:idhetaont hak roumicarnatesod thddmatl of the nornal
group was confirned, and then the value of the control group was conpared

-75- wt h e hrglgaonf inhididdmgoarbiadni AnscertrYrolsienpere thamplies
significa I 0. he. j S i r.esent
g nce J!oﬁ‘i@ d é?.cgﬁ%c?v_’[n Pg*lr'l?g%: hfl.?ln . dtRfFeVa ag_?_tg?ﬁ dereduhds e PrRs

and indicate y synbo #) an e table. e 4 shows the
resul ts. 5f 0244 CEEB| enAilgtouy aFbLeltwb(Rprige &4 r ehger ne@sgreaent

Ei‘;ﬁﬁf gogyeg\g%ﬂr%%iﬁk%mtmi%' oF QYR nt 490,29 PG { Al 90UBs; Ao 320 17#

infiltration inhibiting action.
10 [0242]
Test Example 4

Forelimb Grip Strength Test in Mice
4-week-old male C57BL/10-mdx (mdx) mice were used as a

disease group, and 4-week-old male C57BL/10Sn (wild) mice were

15 used as a normal group in the test. A acclimation period was
provided after the arrival of the mice. An initial value of each
individual was measured at 5 weeks of age, and 10 mice were
assigned to each group. From the following day, the test compound
(30 mg/kg) was orally administered to the mice once a day

20 consecutively for 4 weeks. The animals in the control group only
received the vehicle orally. The forelimb grip strength was
measured at 4 weeks after the start of the administration. A
value obtained by dividing the average of 5 forelimb grip
strength measurement values (kg) determined using a small animal

25 grip strength measurement device (GPM-100M, Melguest) by the body
weight (kg) was used as the evaluation index {(reference
literature: Muscle Nerve., 35, 43-48 (2007)).
[0243]

9 or more cases were obtalined from each group to

30 determine whether expression of forelimb grip strength enhancing
action occurred. First, a significant decrease in the value of
the control group compared to that of the normal group was

confirmed, and then the wvalue of the control group was compared



4.800.09* Reference Exanple 13 4.370.15 Reference Exanple 14 4.260. 22

Ref erence Exanple 15 4.200.20 Reference Exanple 16 4.290. 24 Reference
Exanpl e 17 4.480.15 [0245] According to the results in Table 4, a
significant 10 decrease in the nuscle strength was observed in the control
group, conpared with the normal group. d#g-becane evident that the conpound
of the present invention has an action of enhancing the forelinb grip

strengt h, woipahedvaltd dhecrrorbhpbugd-adniniRteestr §8éup NowWwsegnitdd cant
enhancing action was observed in 15 Reference Exanples 13 to 17. -76-

CLAI MG 1. B{ATHr&ENAR ¢BpbIRE PEPPEsentwd B\F PGFHIP 8939 CONSHABFRT -0
be present and indicated by symbols (#) and (*) in the table.

Table 4 shows the resulis.

5 [0244]
Table 4
Group Forelimb grip strength
measurement value/body weight
(kg/kg)
Normal group 5.40x0.20
Control group 4,3210.17%-
Example 3 4.80+0.09
Reference Example 13 4,371£0.15
Reference Example 14 4.26%0.22
Reference Example 15 4,20+0.20
Reference Example 16 4.29+0.24
Reference Example 17 4.48+0,15
[0245]

According to the results in Table 4, a significant
10 decrease in the muscle strength was observed in the control group,
compared with the normal group. It became evident that the
compound of the present invention has an action of enhancing the
forelimb grip strength, compared with the control group. In
contrast, no significant enhancing action was observed in

15 Reference Examples 13 to 17.



5RI is 01-6 al kyl; R2 is hydroxy, Cl-6 al kyl 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 represents hydrogen or 01-6 al kyl that may
have one or nore 10 substituents, or R3 and R41 taken together
with a nitrogen atomto which R3 and R47gre attached, may fotm a saturated
het erocycl i c group; R5 i s hydrogen or 01-6 al kyl that may have
one or nore substituents; and 15n is LIeaM2; or a salt thereof. 2.The
pi per azi ne conpound O sal t t her eof accordi n to cl in 20R1 is
met hyl or let hyl ; A piperazipe ;jcompoyp x§ep EV F‘Pﬂ?ﬂrj?a EiHave one or
nore saturated or unsaturated heterocyclic groups as substrtuents,
(0=0)-N(R3) (R4), or -{0#0)-PR5; R3 and R4 are the sane or different, and
each 25 represents h 0 Nr 0k al kyl that may have one or nore
saturated or unsaturated her i ¢ gboups as substituents, O
R3 and R4, taken together with rolgﬁQ atomto which R3 and R4 are
attached, may form pyrrolidinyl di m \yl and nor phol i no;
-77- R5 represents hydrogelrl t hyl ert-butyl, or
benzyl; and nis 1 or 2. 5 3. The piperazin Nr salt thereof
according to claim1 or 2, wherein R2 is nethyl; IRz ig,Cl 3 al k)yl t hat may
have norpholino, pyrazolyl, or triazolyl as & subﬁl tueﬁt
-(C0)-N(R3) (R4), or-(C=0)-0R5; and 10 the triazolyl may have one or two
subst it uentlssrein R3 and R4, taken together with a nitrogen atomto
whi ch and R4 are ttac form nor phol i no; R5 represents hydrogen,
met hyl gGor et hyl ; é;‘ -8 alkyls

R? is hydroxy, Ci-g alkyl that may have one or more
substituents, -(C=0)-N(R%® (RY), or -{C=0)-0R%;
R® and 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;
R® is hydrogen or Cis alkyl that may have one or more
substituents; and
15 n is 1 or 2;

or a salt thereof.

2. The piperazine compound or salt thereof according to
claim 1, wherein
20 R' is methyl or ethyl;

R? is hydroxy, Ci-¢ alkyl that may have one or more
saturated or unsaturated heterocyclic groups as substituents, -
(C=0) -N(R%) (R"), or -{C=0)-OR’;

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

25 represents hydrogen or Ci-¢ alkyl that may have one or more
saturated or unsaturated heterocyciic groups as substituents, or
3 and R*, taken together with a nitrogen atom to which
R® and R® are attached, may form pyrrolidinyl, piperidinyl,

piperazinyl, and morpholino;



15 4. The pi perazi ne conmpound or salt thereof according to any one of clains
1to 3, wherein RLis nethyl; R2 is straight Cl1.3 al kyl that may have any
one of 20 1,2,3-triazolyl, 3,5-dinmethyl-1,2, 4-triazolyl, and norpholino as
a substituent, -(C=0)-N(R3)(R4), or -(C=0)-0R5; R3 and R4, taken
together with a nitrogen atomto which_-R3_and R4 are attached, may form

nor phol i no; R5 represents hydrogen or ethyl; and 25n is 2. 5. The pi perazine
conpound or salt theteebppesaitd ngdirogehainmthydel eched, frar-bheyyy osp

consi sting of: _N-(4-(4-hydroxypiperidin-I-yl)-phenyl)-4-((1- 30

met hy| pyr rfRZdy 1¥8€ar bony1) - 1- pi per azi necar boxani de,

4- ((((2- et hyl pyrrolg 2-v3) orcarbonyl) - 1- pi perazinyl)-

car bonyl ) am no- 4- phenyl pi peri di ne- 4- car boxyl i ¢ aci d,

4- ((1-nethyl pyrrol - 2-y1) - carbonyl) - N- (4- (4- nor phol i n- 1yl - car bonyl pi peri di n-

1-y1)-ghenyl)-1- p'pﬂﬁ%?kﬂAQQB Eﬁé”ﬁdﬁ%ound or salt thereof according to
354- ((1 met hyl pyrrol -2-yl)-carbonyl)-N-(4-(4- -78-

mor phol i nowetiny lpppe? dikrteiyn) - phenyl) - 1- pi per azi necar boxani de,

4- ((1-nethyl pyrrol - 2sy])- %%%ﬁlyl) N (4-(3-(2- (1 2, 4-
triazole-1-yl)-ethyl)pyrroli 1-y1)-phenyl)- 1- plpera2|necarboxan1de
54- ((1- nethylpyrrolIf—y&)Ggamﬂdn@lﬁh&t(Majzhave morpholino, pyrazolyi, or

norpholinqgth %ﬂ'?eéédé) Jo %ugg?n % %zpkﬁgpﬁé#mecg£p9@§5§4§y5 and

4- ((1 - et Y15V ony
triazab- 1-y ﬂﬁlhyblplpemychavelomé)aphamyk%&%tlpupﬁtazinecarboxanide,

104- ( (I - et hyl | - b 1)-N-(4-(4-(2-(1,2,4- .
trlaggl gey1¥ 2¥L;F) é%)%fﬁ%ﬁﬂg¥)%%ﬁ% §Wi£%p%p%%%gﬁﬁ%bﬁFB%xEﬁﬁWﬂiCh
4-((1-met hgA pyar gt azeyé)cts@m@@ﬁyrﬂa)y Woté- fidrflol(ihds-

hyl-1, 2, 4- | -1 h 1-y1
g:ggﬁaﬁlnecarboighfég epze eﬁ%s%n)ro ggiqhgjudx %r e%gyf)

n is 2.
15
4, The piperazine compound or salt thereof according to
any cne of claims 1 to 3, wherein
R' is methyl;
R? is straight Cis alkyl that may have any one of
20 1,2,3-triazolyl, 3,5-dimethyl-1,2,4-triazolyl, and morpholino as
a substituent, -(C=0)-N(R%) (R*), or -{(C=0)-OR’;
® and R®, taken together with a nitrogen atom to which
R® and R* are attached, may form morpholino;
_ R®> represents hydrogen or ethyl; and
25 n is 2.

5. The piperazine compound or salt thereof according to
claim 1 selected from the group consisting of:
N-(4- (4-hydroxypiperidin-1-yl)-phenyl)-4-((1-
30 methylpyrrol-2-yl)-carbonyl)-l-piperazinecarboxamide,
4—((((1~methylpyrrol—2—yl[—carbonyl)~1~ piperazinyl) -
carbonyl)amino—-4-phenylpiperidine-4-carboxylic acid,
4~ ((l-methylpyrrol-2-yl) ~carbonyl)-N- (4- (4-morpholin-1-
yl-carbonylpiperidin-1-yl) -phenyl)-1l-piperazinecarboxamide,
35 4—({{1l-methylpyrrol-2-yl)-carbonyl)-N-(4-(4-



4- ((l-methyl pyrrol -2-y1)-carbonyl)-N(4-(4-(2-(pyrazol 1-y1)-ethyl)piperidin
-1 -yl)-phenyl) - 1-pi perazi necar boxam de,

4-( (1 -met hyl pyrrol -2-y1)-carbonyl)-N-(4-(4-(3-(1, 2, 4-
triazol-1-yl)-propyl)piperidin-|-yl)-phenyl)-1- 20 piperazi necarboxam de,
4-( (I -methyl pyrrol -2-y1)-carbonyl)-N (4764 (3-(1, 2, 3-
triazol-1-yl)-propyl)piperidin-I-yl)-phenyl)-1- piperazi necarboxam de,

4- ((1- et hythgeyphcdli ndmythy gaideariyih-N-y By {ghemylphotpiedraZhecarbogamide,

yl - carbonyl pi peridin-1-y1)-phenyl)-1-npi perazi necar.ho i, d

4- ((I - met hyl pyrrol - A4 Tﬁﬁggg%ﬁ’grﬂi‘%&%&? bF ‘?I}Y&Bﬁi&%%‘%‘(z‘(lfz"l‘

yl - car bonyt pi peyliedi Ayl y Ydonphesy b1 1d ph-perazi-paeaybpxes de,

4-((l-met hy] pyrrol -2-y1)-carbonyl)-N(4-(4-(4- ‘

met hy| pi pePERGRALNGFAERPEMAS pi peri di n- 1-y1) - phenyl) - 1- 30

pi perazj necar boxam de, ( (1-methylpyrrol-2-yl)~carbonyl)-N- (4~ (4~

4-((I-methyl pyrrol -2- 1§-parbony1£-l\l-(4-(4- 2- ) , ,

nor phol i nd@@m@aﬁt@@ﬁf}/y pigreriddinn ryiyhjp}perfe%yr)lrmlpﬁw%ﬁ%@%ﬁfﬁ%m de,
and 4-((!-nmethyl pyrr - 1 4o.[ Ni-8§-N43143p2- (1,2, 3-

yl met hyl car banoyl ) pi%eglzld?{%rll?% - phenZJ%‘;l§ l?é?%é%iﬁeggr nggzm' (de. -79-
6. A phar necerdlcdtyéonpdaytirdpesdapri 5tng -aheaviécitve anount of at | east

one of th?g@%‘%‘i@%ﬁa%cﬁQ&ﬂ toclains 1 to 5 or pharmaceutically
al'ts :

accept abl €reo and ‘a 5 phalLnmaceutically acceptable carrier. 7.
A prosgitagl andi n D syt hdseeithilbytiorl-Govdn irsanigonil leftt-ddt-i( ¢e (anolu, 4of a

conpound agccprdi.ng to,an e.of clains_1 tc a,pharmaceutically

accept abl et]?aafztojt %e?’ge)f ?%éﬁl(r} Palpf6l8ﬁ%pfna¥l:le?u?ﬁh%é‘$’?§/ %ccept able carrier. 8.
An agent fpipererertangosaadidy, treating a di sease in which prostaglandin D2
arount of a compound: akloRB A PE TS Ay BAESroRT e s o e
amount of a compound® a | n | or~'a

phar maceut §oad iy 1aa¢ept abt £a sal-11-yheredhy] asicbear iphar MegEphealyily -aecept abl e

carrier. 9, The agent according to claim8, wherein the disease in which
prost agl anBtRFIFEIOFCaThe¥3ABdISt e thereof participates is an 20 allergic

di sease, inflammat ory- disersey1pyrrypdeganetatbyeyTi-a8ase.(4-19- (gyreihod
for preventi}r;g)rand/or treating a disease in which prostaglandin D2 or a

met abol i t elthbredhyBaPLPer Pt ed ~ vl hePPeN Ykt Mo IPSHBELRE TR ™MASt eri ng, to
a mammal , a CO”pound4-?FPlen@tﬁ?lb?;ﬁéW—zaﬁﬂéP—fca‘éb@hj?@) At @-Faibnzam gmaunt
effective for preventing or treating the disease. 11. Use of a conpound
accor di ng toiagnldmelofPepryirerddsn3d-ybr—piiesdiderhg an agent for

pr eveg%td' ngpﬁﬁgéaozr%n %%%Bbg&nﬂdéi,i sease in which prostaglandin D2 or a

met abol1te " thereof participates. 12. The conpound accor di ng to any one
of claims 1 to 5 foré4uéelimetaydpyhodlfarylpreashenny) @hdldor{dtdéatl iy

di sease i nt%&;&_%fa_yer) Q&%ﬂ%&%ﬁ[_lg},fﬁlm&ggl'g_hereof parti ci pates.
piperazinecarboxamide,
4- ((l-ethylpyrrol-2-yl)-carbonyl)-N-(4- (4-morpholin-1~
25  yl-carbonylpiperidin-1-yl)-phenyl)-1-piperazinecarboxamide,
4~ ({1-methylpyrrol-2-yi)-carbonyl)-N-{4-(4-piperidin-1-
yl-carbonylpiperidin-1-yl)-phenyl)-1l-piperazinecarboxamide,
4~ ( (l-methylpyrrol-2-yl)-carbonyl)-N-(4-(4- (4-
methylpiperazin-l-yl-carbonyl)piperidin-1-yl)-phenyl)-1-
30 piperazinecarboxamide,
4-({1l-methylpyrrol-2-yl)-carbonyl)-N- (4-{4-(2-
morphelinoethylcarbonyl)piperidin-1-yl) -phenyl) -1~
piperazinecarboxamide, and
4~ ( (1-methylpyrrol-2-yl)-carbonyl)-N-{4- (4- (pyridin-3-
35  ylmethylcarbamoyl)piperidin-1-yl)-phenyl)-l-piperazinecarboxamide.
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-79~

6. A pharmaceutical composition comprising an effective
amount of at least one of the compounds according to claims 1 to
5 or pharmaceutically acceptable salts thereof, and a

pharmaceutically acceptable carrier.

7. 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.

8. An agent for preventing and/or treating a disease in
which prostaglandin D2 or a metabolite thereof participates, the
agent 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.

9. The agent according to claim 8, wherein the disease in
which prostaglandin D2 or a metabolite thereof participates‘is'an
allergic disease, inflammatory disease, or myocdegenerative

disease.

10. A method for preventing and/or treating a disease in
which prostaglandin D2 or a metabolite thereof participates, the
method comprising administering, to a mammal, a compound
according to any one of claims 1 to 5 in an amount effective for

preventing or treating the disease.

il. Use of a compound according to any one of claims 1 to 5
for producing an agent for preventing and/or treating a disease

in which prostaglandin D2 or a metabolite thereof participates.

i2. The compound according to any one of claims 1 to 5 for
use in a method for preventing and/or treating a disease in which

prostaglandin D2 or a metabolite thereof participates.



